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Foreword

The Ninth International Conference on Development of Drylands (ICDD), with the theme
“Sustainable Development in the Dry Lands - Meeting the Challenge of Global Climate Change”,
was attended by more than 450 participants from 42 countries and 19 international and regional
organizations. The scientific program of the Conference covered the following topics:
Climate change in arid lands and its impact on natural resources of land and water and biodiversity
in the dry areas
* Desertification processes and tools for assessment and their application
*  Enhancing resilience of agriculture in dry areas through management of water and land resources and
agronomic practices
e Biodiversity conservation and utilization
* Range management and forage and livestock production
e Stress physiology: drought, heat, cold and salinity
* Improvement of stress resistance in dry area crops, shrubs and tree species through conventional
breeding and application of biotechnology
e Reducing greenhouse gas emission through harnessing renewable energy in the dry areas
* Blending indigenous/traditional knowledge and heritage with modern science in the sustainable
development of oases
e Enhancing livelihood of desert communities, socioeconomic studies and crosscutting issues.

There were five plenary sessions, six concurrent oral- presentation sessions and three poster sessions
on the above ten topics. The plenary presentations included three keynote speeches, one each by the
Vice President of the International Fund for Agricultural Development (IFAD) Dr. Kanayo Nwanze,
the President of OPEC Fund for International Development (OFID) Dr. Suleiman Al-Herbish,

and the Secretary General of the World Meteorological Organization (WMO) Mr. Michel Jarraud,
and twenty-one other presentations from leading experts in their field highlighting the impact of
global climate change on the natural resources and communities in the dry areas, methodologies

to assess these changes and for scenario building, indicators for assessing changes and integrated
measures to enhance adaptive and mitigation capabilities of the communities in the dry areas to
cope with the climate change and to achieve sustainable development. In the oral presentations
made in the concurrent sessions information was presented on the outcome of scientific efforts in
different fields to enhance the resilience of the dry areas to cope with climate change, drought and
degradation of natural resources of land, water and biodiversity.

The deliberations clearly established that climate change was certainly impacting the dry areas,
majority of which would become warmer and drier, with grave consequences for flora and fauna,
cropping systems, crop and livestock productivity, food security and livelihoods of the people in
these areas. Although the evidence was unequivocal about the change, precise information at the
regional and local levels, which would be essential to develop effective coping strategies, was still
insufficient and efforts were needed to develop this information. There was a need for enhancing the
awareness of the impact of climate change at all levels of the society, attract investment in research
to develop coping strategies, forge regional and international linkages for mobilizing cutting-edge
science integrated with traditional knowledge for developing adaptive and mitigation measures,

xiii



and bring about institutional reforms and empower the communities to benefit from the outcome of
these efforts as they face the climate change.

This volume contains most of the scientific contributions made by the participants in the plenary
and the concurrent sessions under different themes. We hope all those interested in the sustainable
development of dry areas and enhancing the resilience of dry area communities to cope with

the adverse effects of climate change will find the information contained in this volume useful.
The proceedings will hopefully also contribute significantly to the objectives of the International
Dryland Development Commission of enhancing information exchange and promote scientific
research for sustainable development of dry areas which is becoming all the more urgent and
necessary in the wake of climate change.

Adel El-Beltagy and Mohan C. Saxena
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Opening Remarks

Dr Adel El-Beltagy
Chair International Dryland Development Commission

Your Excellency the Minister of Agriculture and Land Reclamation, Government of Egypt,
Mr. Amin Abaza,

Representative of H.E. Mr. Hani Hilal, Egyptian Minister of Higher Education and Scientific
Research,

Eminent Guests,
Colleagues from around the world interested in dryland development,
Ladies and Gentlemen!

It is my pleasure to welcome you all to the Ninth International Conference on Dryland
Development. Let me share with you a couple of issues and facts about the International
Dryland Development Commission, which was established in 1987 after an engaging
dialogue for more than 10 years between the concerned scientists. During this period, these
scientists pledged that the Commission will promote all aspects of Dryland Science by
fostering cooperation and networking between international, regional and national
organizations. It was also agreed that we will hold a major scientific conference every three
or four years to provide opportunity to the dryland scientists and development experts from
across the globe to exchange research results and development experience in dryland and thus
have an impact on the livelihood of about 2 million people who inhabit the dry areas.

So far, we have organized nine international conferences. These have been held in countries
that have large stretches of dry areas: Beijing-China, Mexico, Lubbock-Texas, Cairo-Egypt,
and Tehran-Iran. Today we are here in Alexandria on the wonderful platform that was created
to see that the minds of the world share with each other the vision for the future, which is the
essence of the Library here. We are therefore pleased to be here today and the topic of the
Conference dealing with the challenges of global climate change to the sustainable
development of the dry areas relates to an issue with which we all are concerned.

Let me move the proceedings forward by inviting the colleagues from the podium to make
their welcome remarks.



Welcome Remarks

Welcome Remarks by Dr Ayman Abou Hadid, President,
Agriculture Research Center, Egypt

Your Excellency Mr. Amin Abaza, Minister of Agriculture & Land Reclamation, Egypt,
H.E. Dr Ismail Serageldin, Director, Library of Alexandria,

Excellencies,
Distinguished Guests,
Dear Colleagues,
Ladies and Gentlemen!

It is great pleasure to welcome you all to such a gathering of eminent scientists in Egypt. On
behalf of the Agriculture Research Center (ARC), Egypt, a cosponsor of this Conference, |
will like to welcome you to the Ninth International Conference on Dryland Development to
address the issue of meeting the challenges of global climate change. The ARC is the main
agricultural research organization in Egypt that includes 24 research institutes and central
research laboratories as well as 48 agricultural research stations in all the different agro-
ecological regions in the country. The ARC has a strong think tank of over 6600 scientists of
different specializations and technical backgrounds. The ARC also has a special institute
dealing with climate issues and climate change that was established in 1996. The ARC makes
it a point to include the climate change issues in the last two Five Year Plans in all relevant
institutions dealing with plant and animal production, agricultural economics as well as
genetic engineering. It gives me great pleasure to extend to all of you my invitation to visit
any of the ARC institutes of interest to you in Cairo after this meeting.

I wish you all a fruitful meeting and a pleasant stay. Thank you very much.

Welcome Remarks by Dr Stephen Wells, Director of the Desert Research
Institute (DRI), Nevada, USA

Ladies and Gentlemen!

I will like to express my gratitude to Prof. Adel El-Beltagy, Dr Ayman Abou Hadid, Prof.
Mohan Saxena and the Egyptian Colleagues for the hospitality and the organizational efforts
put by them in bringing the Ninth International Conference on Dryland Development (ICDD)
together. The DRI first co-sponsored the ICDD held in Beijing in 2006 due to the gracious
efforts and support of Prof. Wang Tao, who is present in the audience. We greatly appreciate
his efforts in that meeting. At that time we had only four faculty members from DRI. At this
meeting we have ten faculty members of DRI participating reflecting the importance of this
initiative.



I will like to use this opportunity to briefly mention the magnitude of the current challenge
that we face as scientist, engineers, planners and leaders. | will then like to balance the
challenge we have with the opportunity, | think, a very unique opportunity. The world faces
the greatest challenge to sustainability and functioning of our systems in support of humanity
and sustainability of humanity. There is a rapidly changing landscape of the world,
environmental as well as to economy, political setting and science and technology. And these
changes are altering both directly and indirectly the earth’s hydrological cycle, affecting
distribution, availability, and storage of usable water as well as increasing human
susceptibility to environmental changes, such as the loss of agricultural productivity and
drought. A rapidly changing environment, combined with increasing population and its
demands on water resources related to agriculture, municipal use, energy, maintenance of
biodiversity, puts humanity, especially in the drylands, to harm’s way. The global demand for
water is expected to grow up by 40% by 2025. But there is an opportunity that we can use to
leverage this challenge. Never before in the history of humanity has there been such an acute
awareness of these environmental problems, from the local to the global scale. So the burden
rests upon us, the scientific and engineering community, not to miss this global opportunity
and calls for an immediate integrated collaborative science- and engineering-based and risk-
informed approach. This approach should take up several challenges and goals to be met.
And, probably the most important of one of those would be to create a global water culture,
one that promotes water as a global resource, not bound by countries or by regions but by the
world as a whole, and we leverage our collective research results and educational outreach
initiatives to enhance the global understanding and stewardship of the hydrological cycle.
And finally, a good communication process requires listening. We can not and must not
pretend to understand what is important to dryland development in global context as
scientists alone. It is our listening to the stakeholders’ need and the knowledge provided by
our global colleagues as we have in this meeting that should guide us as we prepare to study
the dryland issues.

Thank you for the opportunity to share my thoughts.

Welcome Remarks by Prof. Dr Iwao Kobori, Senior Advisor, United Nations
University (UNU), Tokyo, Japan

Excellencies,

Guests,

Colleagues,

Ladies and Gentlemen!

I am extremely pleased to be here and represent the United Nations University on behalf of
Prof. Konrad Osterwalder, the Rector of UNU. Prof. Osterwalder unfortunately could not be
present here because of some other unavoidable business in Tokyo. He sends his best regards
to all of us. At this unique occasion I will like to introduce our activities in connection with
the International Dryland Development Commission and Egypt. The UNU, as you would
know, is a small member of the family of the United Nations Organization, headquartered in
Tokyo, with more than 14 research centers including the important research and training
center, International Network on Water, Environment & Health (UNU-INWEH), in Canada.
Its mandate covers all issues related to UN and it operates mainly in a networking mode with



international institutes and individual scientists. In connection with the dryland studies the
UNU has developed in recent years close collaboration with other organizations such as
UNESCO, FAO, ICARDA and other institutions. Very happily, the latest agreement of
collaboration signed by the UNU is the agreement with Bibliotheca Alexandrina (BA). The
ceremony was held in Tokyo on 5™ October 2008 in the presence of Dr Ismail Serageldin.
This will open ways for collaboration between BA and UNU in different fields of mutual
interest. For example, in Alexandria we will have several symposia at the BA. The UNU
also has good collaboration with the University of Alexandria in the field of dryland studies.
UNU has also been working very closely with the CGIAR, UNESCO, FAO and others. Last
year, which was the International Year of Desert and Desertification, UNU organized a large
Conference involving all the major international institutions interested in policy issues related
to combating desertification. Under the same spirit, we will like to continue efforts to
promote collaboration with all of you working in drylands all over the world. With the arrival
of Prof. Osterwalder as the new Rector, there is going to be a little change in the orientation
of future research at the UNU. It will lay special emphasis on sustainability and peace, which
is going to be the most important motto for work all over the world. Personally speaking, |
have been here in Alexandria several times in the past in connection with our collaboration
on dryland research with scientists here. With respect to the new target of our efforts,
sustainability and peace, the UNU will like to further collaborate with like minded
institutions in addition to our collaboration on dryland studies.

In the end I will like to express my appreciation for the hard work done by Prof. Adel el-
Beltagy, President of the IDDC, Dr Mohan Saxena, and their collaborators and colleagues in
the local organizing committee in arranging this Conference. | will like to express our many
thanks to Dr Serageldin, who has put at our disposal such an excellent venue for holding this
Conference.

Thank you very much.

Welcome Remarks by Prof. Dr Atsushi Tsunekawa, Director, Arid Land Research
Center (ALRC), Tottori University, Japan

Ladies and Gentlemen,

On behalf of the Arid land Research Center (ALRC) of the Tottori University, Japan, | will
like to express my sincere gratitude to Prof. Dr Adel El-Beltagy and Dr Mohan Saxena and
the organizers of this Conference. I will like to appreciate their great efforts in preparing such
a big Conference. I think this Conference is very significant platform for the dryland
scientists to meet. In particular, the Conference is quite unique because the scientists from a
variety of backgrounds meet together and also because scientists working on fundamental
studies and those carrying out applied research meet together. That is the reason that I called
up on two important Japanese organizations, Japanese International Cooperation Agency
(JICA) and the Japanese International Research Center for Agricultural Science (JIRCAS),
to co-sponsor this Conference and they readily agreed.



Personally speaking, | was attending the meeting of the Science and Technology Committee
of the United Nations Convention to Combat Desertification (UNCCD), held in Istanbul,
Turkey until yesterday, as a member of the Japanese delegation. As you are aware, the
dryland science is expected to play an important role in the UNCCD and | hope, from this
Conference, new challenges and new paradigms of dryland science will emerge that will
contribute to the dryland development. That is my expectation.

Thank you for your attention.

Welcome Remarks by Dr Mahmoud Solh, Director General, International Center for
Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria

Your Excellency Mr. Amin Abaza, Minister of Agriculture & Land Reclamation, Egypt,
Dr Ismail Serageldin, Director, Library of Alexandria,

Prof. Dr. Adel El-Beltagy, President of ICDD and Chair of GFAR,

Excellencies,

Distinguished Audience,

Ladies and Gentlemen!

On behalf of the International Center for Agricultural Research in the Dry Areas, | will like to
welcome you to this International Conference on Dryland Development. The impressive
gathering of distinguished experts and specialists here today is a reflection of the importance
of dryland development in this critical time of the global crisis and serious threat of climate
change implications to global food security, and in particular, in the dry areas. The presence
of H.E. Mr. Amin Abaza, the Minister of Agriculture and Land Reclamation today is a clear
reflection of the importance that the host country Egypt is putting on the development of
drylands. ICARDA, as one of the major organizers of the Conference, will like to thank Prof.
Dr Adel El-Beltagy and Dr Mohan Saxena for their leadership in organizing this important
event and for their services to promote science and technology in dry areas, much of the time
working at or with ICARDA. We would also like to thank the Agriculture Research Center
and the Alexandria Library for hoisting this important event and the presence of Dr Ismail
Serageldin, who is a distinguished visionary and intellectual leader in this part of the world, is
a reflection of the intellectual importance of the Conference. | will like to express special
appreciation to our national, regional and international colleagues who are contributing to the
rich program of our Conference today. | would also like to express appreciation to the donors
and the co-sponsors for making this important event feasible.

Now, let me briefly talk about the challenges of dry areas. We talk about water scarcity,
desertification, and land degradation, and the climate change is going to accelerate the
negative implications of these challenges. So, this Conference is coming very much at a time
when we really have quite a few challenges in this part of the world, which suffers from
environmental poverty. What will make the difference? Certainly, science and technology
and the political will as well as policies that are important and essential for the sustainable
development of agriculture in these areas.

Let me now give a glimpse of what we at ICARDA are doing to meet the challenges facing
the dry areas. We have been working at the climate variability ever since ICARDA was



established in 1977. We had not been thinking of climate change because it was at that time a
topic of academic debate. But now it is a reality. We therefore need to ensure that this
problem is tackled by various stakeholders. It is a problem that is certainly beyond any single
institution or country to cope with.

Therefore, | feel, our combined experience here, in a brainstorming atmosphere, would
permit us to delebrate on the challenges squarely and by the end of the Conference we will be
able to come up with deliberations that will put on track future steps that we take both in
science and development in order to cope with the climate change.

Let me conclude by thanking again all of you for being with us here in this important event
and we look forward to the important deliberations of this Conference.

Thank you for your attention.

Welcome Remarks by Dr Suleiman Al-Harbish, President, OPEC Fund for
International Development (OFID), Vienna, Austria

Excellencies,
Ladies and Gentlemen!

I am honored and delighted to be here on behalf of the OPEC Fund for International
Development (OFID). This is an institution which was created thirty years ago by same
members of OPEC organization. Our organization works parallel to the OPEC organization.
OFID was created in 1976 as an out come of the deliberations of OPEC in Algiers in 1975.
The main mission of OFID is to extend social and economic assistance to the developing
countries in different parts of the world, regardless of race, religion, or region. Our
involvement in this important and prestigious Conference stems from our interest in
sustaining development in developing countries.

Sustainable development has become an international agenda item number one in recent
years. It has three pillars, economic development, protection of environment and social
progress. Combining economic development with protection of environment is very
important and this is what we are doing in the developing countries, especially very poor
countries. Nearly 50% of the involvement of our activities is in Africa, and 90% of this input
is in Sub Saharan Africa. We think of this sustainable development to be converted to the
Millennium Development Goals, one of which is the eradication of poverty. Poverty in our
institution is defined in a very broad context which includes poverty of health, education and
energy. The eradication of the energy poverty was the main issue which was handled by the
Third Summit of OPEC held in Saudi Arabia. We were called for to start programs for
eradication of energy poverty. We are doing some work with the World Bank.

This issue of energy poverty is closely related the subject of this conference. | was in Burkina
Faso two years back and saw poverty not measured by per capita income but by per capita
consumption of water and energy. The per capita consumption of clean water in Burkina Faso
is 20 liters per day for their whole domestic use in contrast to 200 liters, and of the per capita
consumption of energy only 20% is from commercial sources, the rest coming from the
primitive sources. This is the broad issue which we are involved and that is why | am honored



to be here, honored to be associated with this organization, the International Dryland
Development Commission run by this group of intellectual people.

Thank you for your attention.

Statement by H.E. Mr. Hani Helel, Minister of Higher Education and Scientific
Research presented on his behalf by Prof. Magd Sherbeeny, Vice Minister of Higher
Education and Scientific Research of Egypt

Your Excellency Mr. Amin Abaza, Minister of Agriculture & Land Reclamation, Egypt,
Dr Ismail Serageldin, Director, Library of Alexandria,

Prof. Adel el-Beltagy, Chairman of ICDD,

Ladies and Gentlemen!

Good morning! It is a great pleasure to be here with you on the occasion of the Ninth
International Conference on Dryland Development in the magnificent premises of the
Bibliotheca Alexandrina. On behalf Mr Heni Hilal, the Minister of Higher Education and
Scientific Research, I will like to welcome you here in Alexandria in such an important
meeting. Now a days climate change has become an important part of international agenda.
The sustainable development of the dry areas forces lots of challenges on us to collate our
efforts and it is very essential for us to face these challenges. We believe that climate change
has no boundaries and Egypt is no different than any other country. In Egypt, water, food and
agriculture are on the top of our national priority. Egypt needs to grow economically like any
other country and climate change forces some challenges for this. Egypt and most of the other
Arab countries lie in desert zone. To meet these challenges there is a need to collate our
efforts and commit resources. We believe that the most effective tool to meet these
challenges is science and technology. Last year, Egypt launched its first scientific satellite,
which is being utilized for such purposes. It is mainly focusing on environmental and climate
change, mainly to design better tools to mount and evaluate sustainable development. In
Egypt we have great number of research institutes in agriculture and one of them is the
Agriculture Research Center, which is one of the best in the country in terms of research.
There are also researchers in different universities. We have lots of tools and we utilize
biotechnology to develop tools to help us meet these challenges.

Today, with such a distinguished gathering of international scientists | have no doubt in my
mind that this meeting will come out with very fruitful results and very good planning for the
future. Finally, I wish you a very good meeting in the Bibliotheca Alexandrina in the state of
art facilities here. | will also like to invite you to enjoy this magnificent city of Alexandria.

Thank you very much.



Statement by H.E. Mr. Amin Abaza, Minister of Agriculture & Land Reclamation

Excellencies,
Distinguished Guests,
Ladies and Gentlemen!

It gives me great pleasure to welcome you all to this Ninth International Conference on
Dryland Development. Holding the Conference at Bibliotheca Alexandrina is a clear sign of
the linking our heritage with modern sciences for the welfare of humanity. Being the heart of
the arid region, Egypt is working hard to rationalize its water utilization in different sectors
and specially in agriculture. The ministry of agriculture is working with other ministries to
form policies and build institutional capacities to confront climate change and to adapt to the
possible scenarios that may occur in the future. We are aware of the impact of climate change
in our region especially on our country. Knowing the degree of vulnerability of our
ecosystem we are determined to save no efforts to adapt to the impacts and to improve our
resilience.

We hope that we can work together, hand in hand, to use local and global knowledge to
enhance mitigation and adaptation process for the sake of improving livelihood of two
million people living in the dry areas.

| wish you a pleasant stay in Egypt.

Thank you
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Surviving the Climate Change*

Dr Ismail Serageldin

Director, Library of Alexandria, Alexandria, Egypt; e-mail: is@bibalex.org
*Transcripted from an oral presentation

Excellencies,
Ladies and Gentlemen:

It is a rare privilege for me to welcome you
all here and | hope that some of you will
take time while you are here to visit the
Library of Alexandria, which is much more
than a library and receives about a million
visitors every year.

Today | have the honor of addressing you
on the theme of surviving climate change. I
will start with what | consider as the biggest
challenge and I call it the 3Fs + 2 Cs. The 3
Fs are Food, Feed and Fuel and the 2 Cs are
Climate Change. And then | will briefly
review the likely impact of climate change
and the role of policy and science. It is
important at these times of industry and
carbon emission to remind us of the wise
statement of a good friend of many of us
here, Dr M.S. Swaminathan, who said, “We
are all on this earth as the guests of green
plants and those who tend them.” And that
is so true and important to remember.

So, what is the biggest challenge? | called it
as 3Fs because we start with the fact that
although we have a lot of food, the hunger
continues unabated. More than that, it is the
most massive failure the world has had
when we set ourselves a target eight years
ago to half the number of hungry people,
from 850 million to 425 million by 2015.
Instead, the number of hungry people has
increased to 950 million and is approaching
the one billion mark. It is unconceivable
that in this time we must still see the
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ghastly images of starving children on the
face of the earth. The challenge is that we
will have to deal with the fact that we
already have 950 million hungry people, we
will have 2.5 billion more people on the
planet, and because of rising income we
will have greater demand for animal protein
in the diet, which will translate into
increased demand for feed. All of that will
have to be dealt with by agriculture, which
is, at the same time, being expected to help
solve the problem of climate change
through biofuels. But biofuels result in
displacing food and feed production. This is
a major technical challenge which is being
exacerbated by global climate change. In
my thinking, it is wrong to burn the food of
the poor to drive the car of the rich. Is there
no other way of dealing with it? Although
started by major industrial countries, the
major impact of climate change will be on
the poorer countries. The dryland countries
and those in the tropics and arid and
semiarid tropics will suffer the most.
Hence, my dismal equation, 3Fs+2Cs.

Let us take the 3 Fs, the ‘Food, Feed and
Fuel’ challenge. On the ‘Food’ side, we
have the challenge of food security. We
have to meet the demand of rising
population by making food available
everywhere at affordable prices, without
destroying our patrimony of natural
resources. So, we have to produce more
with less land and other resources, and that



would require addressing the policies that
govern the international trade in food stuffs
so we could cope with the enormous
volatility of prices and be able to focus on
the small-holder farmer in developing
countries, and, of course, in line with the
theme of this Conference, in the dry areas
specifically.

If we look at the figures developed by
International Food Policy Research Institute
(IFPRI) some years back on the increase in
demand for cereals, it is clear that the share
of the developed countries will be rather
small and almost 85% of the demand will
come from developing countries. However,
if we look in terms of meat products, the
story is more telling. There is going to be a
massive increase in demand in China, but in
India it may be very limited due to cultural
and other reasons. To meet the increased
demand for meat products, the demand for
feed would rise. So the question is: Can
science bring about sustainable, precision,
and ecologically balanced agriculture to
cope with these problems in different eco-
zones including dry areas? My belief, based
on my long association with the CGIAR
System and scientists like yourselves, is
that the answer is certainly ‘Yes’. The
developments in biotechnology and
bioengineering have opened a whole set of
new opportunities for producing crop plants
that are not only high yielding but also
tolerant of diseases and pests and the
aboitic stresses of drought, cold and heat,
and are better users of available soil
nutrients and water. There is an important
program ongoing to improve the nutrient
content of the food that is produced, and
most famous amongst these efforts are the
development of ‘golden rice’ and quality
protein maize. There are even edible
vaccines available to provide longer and
more productive lives to the people. But the
shortfall is already there: nearly one billion
hungry people today, not to mention 2.5
billion coming along, and other demands.
The other demands translate into feed.
Producing more feed is a major challenge to
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cope with the increase in demand for meat
by 30%, for milk by a quarter and eggs by a
third. FAO has estimated that all these
requirements massively increased the feed
demand almost by a billion tons in the last
40 years. And the production of livestock is
being done in a fashion that poses problems
both in terms of the scale, for the income of
small farmers and for the potential of
animal diseases, as we know from the avian
flu and SARS. There is not enough
rangeland to raise cattle, which will have to
rely on feed, and feed is again going to put
pressure on food production, whether it is
for milk or meat. One often hears of the
conversion ratio of grain to beef of 7:1, but
that is not true because we have to take into
account the carcass yield of 60%. So, it is
closer to 10:1. And all of that goes back
again to the question whether the farmer
can produce more to meet the increased
demand.

On top of the above mentioned two
challenges there is the fuel, and the fuel has
become a new fashion in the industrialized
countries as a way of dealing with the
perceived responsibility for the massive
increases in the emissions of the greenhouse
gases. Many of them are talking about
biofuels as a magic answer, and in fact are
heavily subsidizing biofuel production.
There are political campaigns to promote
various kinds of biofuels and there are
subsidies and tariff protection.

The key thing is that we have already
witnessed that from 3 to 20% of the acreage
available for corn production in the USA
has gone to corn for ethanol. And if we
were to reach the current target of 35
million gallons of fuel by 2017, at the
current yield level, that would require the
entire US corn harvest. So, it is a big
challenge and even the popular magazines
such as ‘National Geographic’ have started
questioning how green are the biofuels,
because so much energy and petrofuel are
used in producing the biofuels that the
equation comes out to be almost a wash. In



this particular case, the corn ethanol is 30%
improvement, at the best. On the other
hand, cellulosic grasses present an
enormous promise in the USA, because
there is a large area in the Great Plains and
the ratio is 20:1 and it could go to as high as
36:1 depending on the nature of cellulosic
grasses and how they are harvested.
Possibilities are also there for biofuels from
algae and biodiesel from the marine
sources, and today the biodiesel production
is coming to 2.5:1 in terms of output to
input. The production of ethanol from cane,
as is being done in Brazil, using bagasse as
the fuel for the fermentors, is providing a
ratio of 8:1 between the output and input in
terms of energy balance. Thus, we do not
want to exclude all biofuels, but it is
important to say that we should not displace
food production to produce biofuels.
Soybeans present the same situation.
Certainly the first generation of biofuels is
not helping either ecologically or in terms
of meeting the targets of the needs of the
poor.

Against this background come the 2Cs, the
Climate Change. The climate change is
really the most serious issue facing
humanity. There is no longer any doubt
about the figures available regarding the
climate change. The global mean surface
temperature is rising and it is related to the
CO; emissions. Right now, the CO,
concentration isaround 400 ppm and if we
stabilize and not produce any thing any
more, we will reach this level by 2100. We
have thus gone beyond the 350ppm, which
many scientists consider to be the threshold
that we should watch for. Do we have
evidence that this in not cyclical? Yes, there
were cycles. If we go back 400,000 years,
there is evidence of cycles for temperature,
CO; levels in the atmosphere and the dust,
and the correspondence between the levels
of CO, and the temperatures is more than a
coincidence. In fact, it is enormously
convincing that it is one of the primary
greenhouse gases if not the only one.The
climate system now, in spite of all its
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complexities, is getting better understood. It
is clear from the time trends for CO,
concentrations in the atmosphere, with
different emission paths to stabilizations
including the business as usual, that
keeping the CO, level around 450ppm, not
to say of 350ppm, will require an
immediate effort to curb greenhouse gas
emissions right now. This is quite a
challenge. Some are suggesting that there is
an emissions market that would work in
carbon trading, and some are saying that we
must help the developing countries.
However, it is despicable to see that
whenever we need to raise money for war
or for the current financial and credit crisis
we find not billions but trillions of dollars,
whereas for ODA for developing countries,
the pledges do not exceed 150 million
dollars, as was evident from the famous
Montreal figures. The IPCC
(Intergovernmental Panel on Climate
Change), which involves more than 2000
scientists from over 100 countries, has
produced reports in 1990, 1995, 2001 and
2007. The last report, for the body of work
of which they won the Nobel Prize along
with Mr El Gore last year, has obvious
findings: it is very likely (meaning more
than 90% probability) that human activity is
causing global warming, and that the
probable temperature rise would be
between 1.8 and 4 °C and, therefore, action
is needed now because the likely impact of
climate change would be very stunning, as
indicated by high profile and low profile
best estimates made by them in contrast to
the situation at the beginning of the century.
There is a whole range of impacts. On the
food side, there will be a decline in crop
yields in many areas, particularly in the
developing world but more so in the arid
and semi-arid regions. Even in areas that
receive rain, there is a lot of variability that
will be exacerbated by climate change. The
length of growing season, in most parts
would decrease, by 20 to 50 days, to as
short as 113 days per year. With the
growing season becoming shorter,
variability in rainfall increasing, and the



rainfall on the long run showing a declining
trend, the agriculture in these parts is going
more and more to resemble the agriculture
of the arid and semiarid tropics. Therefore,
the research that has been done here will
have an impact that goes beyond the
dryland areas and will be beneficial to the
areas that today we do not consider as the
parts of dry areas. But, beyond that we
expect some possible rise in yield in some
high latitude regions, but falling yields in
the rest of the regions. Here again there is
an exacerbation of the differences between
the rich and the poor and if the rich
continue to behave in terms of misplaced
policies and subsidies, the poor will
continue to suffer. The availability of grain
in the home-produced areas in developing
countries will diminish against the rising
population and the rich countries will be
diverting the grain away from international
trade. That is not all.

On the water side, we have disasters ahead
of us. (In 1995, | stated that the wars of this
century have been on oil and the wars of the
next century would be on water. | still stand
on that; we are still at the beginning of the
new century.) The mountain glaciers will
disappear, a trend that is so conspicuous
from a comparison of figures for 1928 with
those for 2004. There will be a significant
decrease in the availability of water in
many areas including the Mediterranean
region and Africa, and even in China. We
have already lost 50% of the wetlands
around the planet, with which we have lost
not only the habitat for the migratory birds
but also the ‘lungs’ of the hydrological
cycle we depend on. Underground water is
being mined at unsustainable rates and we
see this in the declining water tables every
where. In Syria, for example, it has been
falling by about a meter every year in last
thirty years. This is stunning when we see
that nearly 10% of the world’s grain
production depends on irrigation with
underground water. Water is being pumped
out, usually with subsidized energy rates, at
a pace that does not auger well for
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continued production. The real human cost
of declining water table can be seen in the
Sahel where people keep on digging the
wells deeper and deeper to get water, in
ever decreasing amounts, until they get only
a few drops of muddy water at the bottom.
In the absence of the water, there is
desertification, and with it marginalization,
hunger, dispossession, and vulnerability.
We will have all this in our dry areas if we
do not restructure our work.

On top of that we are witnessing a rise in
sea level, which threatens not just the major
cities but also agriculture. Thinning of the
arctic ice, the cause of sea level rise, has
been occurring and 40% of its volume has
already been lost. Polar bears are dying by
drowning because the distances between the
icebergs are increasing as a result of ice
thinning. Atmospheric models are
presenting the scenarios with ever greater
accuracy, and there is a whole range of
them concerning the rise in sea level. There
is no indication of any one of them staying
steady, and all variants are increasing. For
example, consider the impact of rising sea
level on the Nile Delta. What we are
concerned here is not really the
disappearance of Alexandria by rise of sea
level by 50 cm because we are at a higher
elevation than that, but the fact that is of
concern is that 30-50 cm of rise in sea water
would put an enormous additional weight
on the salt water enhancing its intrusion
into the land. This intrusion of saline water
is extremely risky as it will salinate the
existing agricultural land and strategies
would have to be developed to keep this
intrusion away, as is being done by Egypt
by growing paddy rice on the lands facing
the sea that would permit equivalent
pressure of fresh water to counteract the
pressure from sea water. But, more
generally, ecosystems will be damaged
everywhere. Coral reefs, which are
wonderful temperature gauges for sea water
and are magical gardens to look at, are
disappearing to a dead landscape. An
increasing number of species, from tiny



microbes to crop plants and varieties, are
facing extinction. About many of these
species we do not even know. The loss of
large genetic variability of these species can
put the humanity at great risk in the future,
as they could be of great benefit to
humanity in the future.

Extreme weather events have been
suggested by various climate change
models and there are ample data to support
this. The first industry to support the views
on climate change has been the Insurance
Industry. They have discovered that they
have to pay a lot more now than before. The
number of disasters where 10 or more
people are killed, some 100 people affected,
and the state of emergency declared is
increasing dramatically and the payments
made by the insurance agencies have
increased faster than growth in premiums,
population and GDP. This is attributed to
climate change as predicted by the models.
For example, a comparison between the
numbers of hurricane tracks from 1985 to
1994 and from 1995 to 2004 over Florida,
Cuba, and the Caribbean would reveal that
there has been an increase in these events
causing massive destruction and loss of life
and property. Increased floods, drought,
forest fires and desertification will all work
together and will hit not just the developed
countries, which are after all capable of
handling them, but many of the poorest
countries, as was the case in Mozambique
recently. We know that drought in many
parts of Africa has today become a reality.
Forest fires are increasing, as also the soil
erosion and dust bowl phenomenon.
Desertification moves massively; for
example, Sahara’s boundaries can move
110km or more in one year, changing the
area by 700,000 km?, which is more than
20 times the size of the Netherlands. That is
the kind of variation that exists in
potentially available land.

All of this is drastic enough, but the most
drastic of all is our fear of the abrupt, major
and irreversible changes. There is the
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change in the environmental quality from
pristine to degraded, and this we have seen
over time occurring in almost every
ecosystem and climate should be no
different. There is a carrying capacity for
the system. It gets strained and stretched
and, all of a sudden, when we go beyond
the assimilative capacity, the system breaks
down. The problem is that we do not know
when that actual stress point will come. It is
predicted that it would come before the end
of the century, but one should take note of
the warning sign that every time the IPCC
made a report (1990, 1995, 2001 and 2007),
the previous forecast was reaffirmed and it
came faster and worst than predicted. So,
we have this enormous range of forecasts of
impacts, all of which could cost the
developing countries at least 10 % of their
GDP, and the developed countries 2 to 3 %
of their GDP, while mitigation and adaptive
measures will cost less than 1% today.

The question is: Why the decisions can not
be made? We need to change our policies.
Wiser policies are needed and biofuels are
certainly not the whole answer. An
agreement on global actions for clean
energy, and understanding where the
emissions come from, is needed.
Agriculture and land use are also a large
source of these emissions while power,
industries and others are also there. We
therefore need to rethink about energy
emissions in terms of renewables. We had
wind power for a while, but today we have
much more efficient wind power, we had
small solar power plants and now have
huge solar plants like the photovoltaic roofs
in Germany, and we are rethinking about
the power of the atom as well. We need to
revisit all the options, and also think in
terms of non-energy emissions, checking
forest losses, which are today significant,
whether for roads or timber logging or by
forest fires or for expanding agriculture.



Global agriculture requires reformed
policies and the markets. Globally, there is
need for a fair trade. The developed world
is putting a billion dollars a day in subsidies
to its farmers; that is about six times the
total amount of ODA for all purposes, not
just agriculture. A typical cow in the
European Union receives 2 Euros a day. Is
that fair? Can we consider this as a world
policy? Is the competition between the first
world and the third world under these
conditions fair?

Locally, the third world has a lot to do. We
have to remove the urban bias in roads,
infrastructure, education, and health and we
have to address the short-term vulnerability
of farmers, for which reason they live
precariously and the down side of which is
devastating and climate change is
increasing vulnerability. We need to
address that through education, community
action, and behavioral change that deals
with consumption, destruction of our
environment, wasteland pollution occurring
every where. The marginalization and
poverty and the starvation and hunger in the
world, with which | started my presentation,
have to be dealt with. A changing role for
women and a dialogue and cooperation to
see no more wars are needed, as so much
money is being spent on them in different
countries. We need to address priorities,
including ‘more crop per drop’, drought
resistance, and salinity resistance so that the
hungry and poor will have more food.
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We need to look at options for immediate
improvements, and not reinvent technology.
Mitigation and remedial actions are needed,
as well as harnessing new technology such
as nanotechnology, remote sensing, and
biotechnology. And science in that sense
can provide for a second ‘green revolution’
with greater diversity, less use of chemicals,
more interaction with nature, more
integrated approach to soil, water and
nutrient management, recognizing the
gender dimension, focusing on small-
holder farmers, addressing alternatives to
existing issues, recognizing the post-harvest
losses in farming and increasing the value
of food production; always pro-poor, pro-
women and pro-environment, but, above
all, harness the tools of new biology
focused on agriculture, to dissemination of
existing findings but also new research, and
use the new sciences, which | call BINT,
‘Bio-Info-Nano-Technologies’, and which
are converging. How converging these
technologies are can be illustrated by a
simple example of new synthetic biology,
Synthetic Genomics, used by Craig Venter
to tailor-make a bacterium from scratch, for
which he has filed a patent for this synthetic
life-form that he wants to engineer. So, who
knows where we are going to go with new
biological tools.

Ladies and Gentlemen, the challenges are
great and enormous. But time is running
out. We all have to work together in order
to serve the next generation and to be better
stewards of the earth.
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Abstract

The evidence from the Intergovernmental Panel on Climate Change (IPCC) is now
overwhelmingly convincing that climate change is real, that it will become worse, and
that the poorest and most vulnerable people, particularly those in the agricultural
sector, will be affected first and most. Poor rural people today are hardly integrated
with emerging structures and mechanisms for dealing with climate change. They have
little access to resources and scientific knowledge. Their vulnerability to climate change
is being aggravated by the stresses associated with subsistence production, including
isolated location, small farm size, informal land tenure, low levels of technology and
narrow employment options, in addition to unpredictable and uneven exposure to world
markets. Yet, the rural poor are forced to cope with the frequent droughts, heavy
flooding, intense cyclones and other extreme weather events they experience and have to
find ways to adapt. Poor rural people do not only suffer from the effects of climate
change, but they are also part of the solution. To show how poor rural people cope with
climate change this paper discusses the impact of climate change on them and the means
by which they can address climate change through adaptation and mitigation. These
approaches must be suited to local conditions, involve the rural communities, be
integrated with longer term development plans and should be low cost. This is
substantiated with examples from IFAD and other organizations. Finally, it discusses
what and how national and international parties through financing and other
mechanisms can do more to help rural populations with the challenging consequences of
climate change.

If we care about our legacy for succeeding generations, this is the time for decisive global action
Climate change is not science fiction, it is real and present
- UN Secretary General Ban Ki-Moon

1. Introduction

The evidence from the Intergovernmental Panel on Climate Change (IPCC) is now
overwhelmingly convincing that climate change is real, that it will become worse, and that
the poorest and most vulnerable people, particularly those in the agricultural sector, will be
affected first and most.

Poor rural people today are hardly integrated with emerging structures and mechanisms for
dealing with climate change. They have little access to resources and scientific knowledge.

! Authors would like to also acknowledge the contribution made by Ayu Tamara Lampe (IFAD).
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Their vulnerability to climate change is being aggravated by the stresses associated with
subsistence production, including isolated location, small farm size, informal land tenure, low
levels of technology and narrow employment options, in addition to unpredictable and
uneven exposure to world markets. Yet, the rural poor are forced to cope with the frequent
droughts, heavy flooding, intense cyclones and other extreme weather events they experience
and have to find ways to adapt.

Poor rural people do not only suffer from the effects of climate change, but they are also part
of the solution. To show how poor rural people cope with climate change this paper discusses
the impact of climate change on them and the means by which they can address climate
change through adaptation and mitigation. These approaches must be suited to local
conditions, involve the rural communities, be integrated with longer term development plans
and should be low cost. This is substantiated with examples from IFAD and other
organizations. Finally, it discusses what and how national and international parties through
financing and other mechanisms can do more to help rural populations with the challenging
consequences of climate change.

2. Climate change context

Climate change is now an unequivocal fact and its effects are accelerating.? Evidence from
the Intergovernmental Panel on climate Change (IPCC 2007a, b) ® shows that higher
temperatures combined with changes in rainfall patterns lead to more frequent droughts and
floods, to more seasonal peaks in river flow and stronger tropical storms. Such changes will
affect water supplies; threaten the viability of coastal areas vulnerable to flooding; lead to a
loss of biodiversity; increase wildfires; and reduce fish stocks due to ocean acidification.

Greenhouse gas emissions constitute one of the main causes of climate warming and change.
These emissions, due to human activities, have increased at the rate of 1.6 per cent per year
over the past 30 years with agriculture, including forestry, contributing to more than 30
percent. By far the most important source of emissions is the energy sector, with fossil fuel
use for energy supply and consumption and road transport making up over 60 per cent of
emissions. Most of these emissions come from industrialized and a limited number of large
middle income countries.

Agriculture and deforestation are also important — particularly in developing countries, and
together these make up over a quarter of all emissions®. More than half of this comes from
deforestation largely caused by agricultural encroachment; other significant sources are the
livestock sector and rice production, which result in methane emissions, and excessive use of
fertilizers, which produces nitrous oxide. While North America and Europe have produced
around 70 per cent of all CO, emissions since 1850, most future emissions growth will come
from today’s developing countries, because of their more rapid population and GDP growth,
and their increasing share of energy intensive industries.

% The global average temperature rose 0.74°C over the last century and could increase 3°C during this century,
primarily due to increases in greenhouse gas concentrations.

% Ipcc 2007(a, b). Agriculture is particularly vulnerable to climate change. It is estimated by Cline et al.
(2007a) that, under a business as usual scenario, agricultural productivity in general could decline between 10 to
25 per cent by 2080. For some countries, the decline in yield in rainfed agriculture could be as much as 50 per
cent. Models indicate some initial productivity gains in countries of northern latitudes, but in the longer-term
and persistent changes, all countries will stand to lose from climate change. See Fisher et al. (2002). See also
Easterling et al. (2007) for effects on the poor in the agricultural sector.

*Since forests act as a carbon sink, deforestation results in increased levels of CO, in the atmosphere
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Figure 1. Sources of greenhouse gases 2004. Source: FAO, 2008

2.1. Climate change impacts on developing countries

While greenhouse gas emissions are primarily produced by industrial countries, developing
countries suffer the most from its impacts. Indeed, the countries most at risk from drought,
floods, storms, rising sea levels and changes in agricultural production are virtually all
developing countries, and the vast majority is of the least developed countries. Sub-Saharan
African countries dominate the list of the most drought-affected and consequently also suffer
the largest negative impacts on agricultural production, South and South-East Asia are
disproportionately flood-affected, and the Pacific and Indian Oceans are the areas most
exposed to hurricanes. During the 1990s, 200 million people were affected by climate
change-related disasters in developing countries versus 1 million people in developed
countries.

Table 1. Countries most at risk from climate change-relate threats

Drought Flood Storm 1ma.s.l. 5ma.s.l Agric.
Malawi Bangladesh Philippines All low lying island states Sudan
Ethiopia China Bangladesh ~ Vietnam Netherlands Senegal
Zimbabwe India Madagascar  Egypt Japan Zimbabwe
India Cambodia Vietnam Tunisia Bangladesh Mali
Mozambique  Mozambique Moldova Indonesia Philippines Zambia
Niger Laos Mongolia Mauritania Egypt Morocco
Mauritania Pakistan Haiti China Brazil Niger
Eritrea Sri Lanka Samoa Mexico Venezuela India
Sudan Thailand Tonga Myanmar Senegal Malawi
Chad Vietnam China Bangladesh Fiji Algeria
Kenya Benin Honduras Senegal Vietnam  Ethiopia
Iran Rwanda Fiji Libya Denmark  Pakistan

Note: m a.s.l.: meters above sea level Source: IDA (2007).

Developing countries are particularly vulnerable to climate change not only because of the
specific climatic conditions they face, but also because of their lack of economic
development. The majority of developing countries is predominantly rural, and they have a
greater dependence on agriculture and natural resources. Limited infrastructure leaves these
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countries more exposed to the effects of climate change; low incomes and poverty mean that
their populations have a lower capacity to adapt to the effects of climate change; and weak
capacity constrains the ability of their governments to provide policies and investments in
support of adaptation. The inadequacy of complementary services such as health and
education only multiplies the impacts.

Agricultural production

Agricultural production, which remains a key element of the livelihoods of most rural people,
will be particularly affected, and the ability of many poor rural people — and particularly
smallholder farmers and artisanal fishers — to produce adequate food for their consumption
needs will be further constrained. Most projections suggest that agricultural production will
decline in most of the developing world, as a result of declining water availability, increased
temperatures, uncertain — and in many cases reduced — growing season length, reduced area
suitable for arable production, and new patterns of pests and diseases. Throughout Asia, a
shrinking winter season is resulting in decreases in production of winter crops, particularly
potatoes. In parts of Bangladesh, temperature and rainfall changes have already affected crop
production and the area of arable land has decreased. In Ethiopia, farmers have noticed
definite changes in local climate, referring to the increasingly erratic, yet reduced rainfall.
Farmers have noticed that the sorghum-growing season has shortened over the years, and in
years when rainfall starts later and ends early, yields are almost halved (IIED 2006a).
Farmers and artisanal fishers will also find that their traditional knowledge about local agro-
climatic conditions loses its value and relevance under changing weather patterns. Africa is
expected to fare worst (Fig. 2) as a result of both declining yields and reduced arable area,
and many poor rural people currently living in the margins of arable lands will find
themselves unable to farm.

The impact of climate change on farm productivity by 2050: African countries
% of productivity loss
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Figure 2. The impact of climate change by 2050 on farm productivity in some African
countries.
Source: Based on Maddison et al. (2007)

Food shortages

Climate change poses a serious risk to poverty reduction and development, with adverse
impacts expected on the environment, human health, food security, economic activity, natural
resources and infrastructure (African Development Bank et al. 2003; 11SD 2007). The
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IPCC’s Fourth Assessment Report warned that global warming would cause widespread food
shortages in the developing world (IPCC 2007; Harvey 2007) and a recent analysis by Cline
(2007) suggests that global agricultural production will decline between 10 and 25 per cent
by 2080, with an 8 percent increase in developed countries offset by a 9 per cent decrease in
developing countries. This will lead to increased levels of hunger, with the poorest countries
worst affected.

Conflict

The depletion of natural resources often leads to conflict over access to and rights on water
and land. In Kenya during times of drought, pastoralists have traditionally converged at
Sambarwawa riverbed to dig shallow wells of water. Yet the increased frequency and
severity of droughts have led to a drop in water levels. The traditional strategy for coping
with droughts is under enormous strain as shallow wells are drying up. As a result, different
ethnic groups are fighting one another over the remaining viable boreholes leading to
frequent injuries as well as deaths.

Natural disasters

The sharpest impact of a changing climate will be the rise in incidence and severity of
climate-related disasters such as increased flooding, particularly in Asia, as well as fiercer
storms and prolonged droughts. In Kenya, the Turkana have experienced this increased
frequency of droughts, and have called the latest drought Atiaktiak ngawiyei, ‘the one that
divided homes’ as families have been forced to split up, migrating for survival. The severity
of the droughts, have left the Turkana to resort to practices that are often damaging in the
long run to their livelihoods and environment, such as resorting to increased charcoal
production that encourages deforestation, fighting over water and pastures, the selling of
livestock, and keeping children out of school to seek work (IIED 2006a).

While the Kenyan experience shows that smallholder farmers are struggling to derive coping
measures, it also shows the lack of sustainable mechanisms available to these farmers to deal
with a life threatening situation. Climate change poses a set of new challenges to farmers,
governments and the international community in building the resilience of people who rely
on climate dependent resources for their livelihoods. People’s adaptive capacity depends on
how they can draw from resources to maximize their livelihood outcomes.

3. Coping with climate change

Tackling the adverse impacts of climate change requires a considerable effort both in terms of
adaptation and mitigation. Mitigation — reducing emissions of greenhouse gases or
sequestering emissions - is critical to stemming climate change. Adaptation aims to reduce
the vulnerability and improve the adaptive capacity or resilience of people who rely on
climate-dependent resources for their livelihoods. Adaptation is critical to enabling the rural
poor cope with the adverse impacts of climate change now and in the future.

Coping strategies of rural communities

Rural areas in developing countries are the home to some 450 million smallholder farmers
whose livelihoods depend on agriculture and are therefore more prone to the adverse impacts
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of climate change. Yet, they are barely integrated into the emerging structures and
mechanisms addressing climate change. They have little access to resources and scientific
knowledge. Their vulnerability to climate change is being aggravated by the stresses
associated with subsistence production, including isolated location, small farm size, informal
land tenure, low levels of technology and limited employment options, in addition to
unpredictable exposure to world markets. Climate change represents an additional threat to
the already-precarious livelihoods and coping strategies of poor rural households, and it
reinforces their existing vulnerabilities.

Yet, smallholder farmers are continuously adapting to climate variability as they change
crops or varieties, choose different harvest and sowing dates, alter land management, and
employ water efficiency techniques (FAO 2007). They can provide traditional knowledge
about adaptation practices and can be taught to implement innovative, low-cost adaptation
options. These autonomous adaptations, on-going implementation of existing knowledge and
technology in response to experienced changes in climate, are highly relevant to smallholder
farmers.

What follows are stories illustrating evidence of the impact of climate change on poor rural
communities. Equally important, these stories also present solutions that are already taking
place. Poor rural people do not have the option or luxury of sitting back and waiting for
external assistance or for their situations to change as their livelihoods and survival remain in
jeopardy. The international community can learn from these simple measures they are taking,
to see what is working and what may not be sustainable. As an international community, we
can help poor rural people be part of the solution; we can complement their efforts and
support them in their struggle to adapt and mitigate the impacts of climate change.

The first story of farmer Liakat shows how climate change has shaped his fortunes. Mohamed
Liakat, a 52-year-old farmer from the village of Gidari in Bangladesh, started his farm in the
mid-1970s with 19.8 acres of land, eight cows, a variety of crops and a pond with fish, but
now he is completely landless. First, let us look at the factors that led to this misfortune.

e Liakat has witnessed many changes over the last few decades such as fewer crop
varieties, more floods and erosion and many other farmers becoming landless.

e He observed that temperatures are steadily increasing in summer and decreasing in
winter.

e He has experienced heavy rains and frequent floods

e Liakat has experienced many climate change-related disasters. The first was the 1978
flood in August/September. A second flood came back with a vengeance in 1984 from
June to September. There were also heavy hailstorms that damaged most of his crops
in February 1985. In 1988, fierce floods hit Liakat’s village again from June to
September. These washed away all of his crops, livestock and other assets. The flood
was followed by severe river erosion.

A study by Practical Action Bangladesh has confirmed these observed changes.

Meteorological data prove that temperatures have been increasing over the last 30 years.
Winters are becoming warmer than they were 30 years ago, which affects winter crops,
particularly potatoes; the number of days without rainfall is increasing although total annual
rainfall varies little which indicates the occurrence of heavy rain over short time periods and
also more droughts.
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The consequence of these series of events confirming the impact of climate change is that
flooding and erosion have led to the loss of land, crops and other assets. Liakat no longer had
land for his farming, nor did he have a proper dwelling for himself and his family.

Liakat became very worried about his income and livelihood. The question is, “How does he
adapt to changing climatic conditions that have had such diverse and adverse impacts on his
life and livelihood?”” Here are some of the measures Liakat took to overcome his misfortune:

e Out of necessity, he has shifted his homestead five times due to erosion and floods.

e He sought assistance and opportunities for a diversification of his livelihood.

e He received training and technological support and explored various activities to
increase his income.

e After training he established a nursery in his backyard to grow vegetables; rears
ducklings and grows vegetables on floating beds during the monsoon.

e He has sold 3,000 tree seedlings earning himself Taka 12,000 [USD 176]. He has
reinvested some of this money to grow more saplings in his nursery.

¢ He now meets his family’s needs and is confident that soon he will be able to buy
some agricultural land and livestock, which will make him a rich farmer in a few
years like his father before him.

This illustrates that for poor rural communities, there is no option but to immediately respond
to whatever crisis climate change has wrought. Simple measures such as switching means of
livelihood and using simple solutions such as floating gardens are key activities undertaken
by those affected by climate change and can improve resilience to the impact. With
assistance from the international community, there are opportunities to enhance and scale up
measures already being undertaken. Such stories must be told, to support building farmers’
resilience to climate change.

The story of Liakat is that of millions of farmers around the world seeking ways to improve
their livelihood, while at the same time coping with the challenge brought by climate change
and other crises.

Climate change and women

Poor women are more likely to become direct victims of climate change disasters®. Many of
the poorest households in much of the developing world are headed by women, many of them
living in marginal lands, along dangerous riverbanks, or on steep slopes, where they are most
vulnerable to the effects of extreme weather. As a cyclone and resulting flooding hit
Bangladesh in 1991, women’s death rate was five times higher than for men. Climate change
also affects the day-to-day livelihoods of rural women. Because most agricultural work in
many developing countries is done by women, any increased work load is likely to fall on
them; and reduced agricultural production means that they have to work that much harder to
secure the food requirements of the family. At the same time, erratic rainfall, drought and
deforestation mean that women and girls also need to spend more time collecting water and
fuel wood. Climate change thus risks magnifying existing inequalities, and reinforcing the
disparity between women and men and their capacity to cope.

® For example, in North Aceh district of Indonesia, 80 per cent of tsunami deaths were women (UNIFEM 2005)
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In Tajikistan, women have observed that the beginning and end of winter has become less
predictable; snow pack is also increasing which makes roads inaccessible for up to 5 months
in the year. Agricultural productivity is in decline due to shortened growing seasons and food
availability during the winter months is limited with insufficient nutritional value. Women
are also traveling longer distance to collect fuel in the face of colder winters. To adapt to
these new climatic conditions, women increased their community action, they constructed
cold frames (small greenhouses) and are now planting seedlings earlier in the year. Cold
frames extend the growing season by two months. Planting kitchen gardens, women are
teaching each other food preservation for the winter months which allows for a greater
variety of food and improved nutritional value of winter diets.

Traditional knowledge

In Sri Lanka, traditional knowledge has enabled Ranjith to adapt to the increasing salt water
found in the coastal rice fields. Rising sea levels cause salt water intrusion into coastal
lagoons and estuary systems. The increasing soil salinity is further exacerbated by higher
temperatures and declining rainfall which leads to decreasing ground water levels.
Agricultural productivity and yield are in decline due to soil salinity. Getting less than half of
their expected yields, farmers’ livelihoods are in jeopardy. Some farmers have been forced to
abandon their barren fields. With the assistance of a local NGO, Ranjith and other farmers
tested different traditional rice varieties for their salinity tolerance. Ranjith chose to start
cultivating his field with a traditional variety and abandoned the hybrid that had been
previously promoted. He increased his use of organic fertilizer and decreased the use of
chemical pest control which mitigated the soil salinity problem. While the traditional variety
does not produce as high a yield as hybrids, he is still able to make good profits since there is
great consumer demand for traditional rice varieties.

Rural communities as part of the solution

Farmers observe first hand the effects of climate change that impacts upon their lives. This
places them in the best position to identify the problems and solutions. In Ethiopia, peasant
farmers and pastoralists are aware of increasing climate variability and have long developed
strategies to respond. A diversified resource base, changing crop varieties and species,
changing timing of activities, techniques and location are some adaptation measures used by
Ethiopian farmers. These farmers have sought to conserve water resources so as to avoid
unnecessary crisis during dry seasons. They have also learned that spreading risks across
locations and time is proving to be essential. Observation of the natural environment, such as
looking at the appearance of plants, flowering density of trees, immature dropping of fruits,
wind direction and appearance of certain animals or insects is long been used to predict near
future weather conditions (Kalbessa 2007).

Whilst some practices are unsustainable, engaging in these practices is often a result of lack
of information, opportunities and access to resources to engage in first choice options. We
must consider that poor rural people are often able to identify the problem and solution,
though they may require assistance to apply these solutions. The case of farmer Joshua in
Kenya is an illustration of unsustainable practices.

Joshua is one of 2 remaining farmers in a community which once consisted of 300 farmers.

He grows eggplants, peppers and other crops for local and export markets. Twenty years ago,
his land and the area around him were fertile and verdant due to irrigation from a canal that
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flowed for 7 km. Today, due to the drop in rainfall levels, the water only travels for 0.5 km.
Joshua estimates that the community now gets 40% less rain than they used to. As a result,
farmers have abandoned their farms. Without a livelihood, these farmers have become
destitute and impoverished. Joshua has identified water management and assistance with
irrigation systems as the solution. In particular, the canal needs to be repaired to reduce
leakages. Yet, he lacks the resources and technical knowledge to implement his solution.
Therefore, he requires support from his government and the international community to
effectively adapt to the consequences of climate change in his area.

This story shows us that farmers have a strong interest in being a part of the solution. They
have been able to identify their problem and the solution to the problem. In this case, farmers
recognize that irrigation and improved water management could be an important part of the
solution to their problem. As such, external assistance is sought to complement existing
efforts. The international community can learn from these simple measures that rural
communities are taking to see what is working and what may not be sustainable.

4. Support from the international community

Long-term climate change poses a new set of challenges to farmers dependent on natural
resources, and so at the national and international level, governments and development
agencies play a fundamental role in building the capacity of farmers to cope with and adapt to
a changing environment (Soussain et al. 2003).

Filling the gap: how the international community

can help poor rural people be part of the solution

Framework for addressing Climate Change
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Figure 3. Role of international community in making rural poor as the part of the solution for
the problems emanating from climate change.

4.1. Adaptation approaches
Poor rural peoples’ adaptation capacity is often negatively affected by lack of access to

financial resources and technology. However, there are many low cost technologies which
give excellent results in terms of adaptation by poor rural people. Projects which involve low
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investment requirements are often small-scale, low-technology projects. In addition to
providing low cost adaptation options, they offer the advantage of local control, direct benefit
to the poor rural people, and are more easily manageable by poor rural people themselves®.
While there can be various options for adaptation, both large and small scale, poor rural
people are better served with adaptations which are:

a) Geared to the specific needs of poor rural people and suited to local conditions;
b) Involve the community;
c) Integrated with longer term development plans; and
d) Low cost.
These are often small scale and less expensive options that may be scaled up.

Location specific adaptation

Given the existence of country-specific factors of vulnerability, and given the diverse impact
of climate change across regions and countries, there cannot be a unique adaptation approach.
On the contrary, adaptation has to respond to the local conditions and diversities. Solutions
have to be specific in focus and yet flexible enough to be tailored to specific needs.

Community-based approach

Adoption of a community-oriented approach is key to better understanding such diversities
and to provide adequate solutions for adaptation. For example, community-based adaptation
(CBA) has so far produced impressive results. CBA begins by identifying communities that
are most vulnerable to climate change, and involves identification of risks and constraints
through a process of participation of all the actors of the community. Knowledge from
indigenous people and local coping strategies can be taken as a starting point for further
adaptation planning.

CBA has produced great results in Bangladesh, where a CARE-led project is helping poor
rural people living in coastal zones to cope with sea-level rise, loss of biodiversity, increasing
salinity, more extreme rainfall variability, and more intense cyclones. Through local
partners, CARE developed the community’s capacity to engage with climate adaptation, and
promoted livelihood diversity as a practical response. Two positive results have been
observed in this flood prone area: 270 households started growing vegetables on floating
gardens in waterlogged areas, and 1,700 households began rearing ducks.

Improved agricultural techniques

There are preventive measures that can be taken to avoid the negative impacts which include
the promotion of sustainable natural resource management. There is the use of improved
agricultural techniques to address the present and future changes that they are and will
experience such as the planting of faster maturing maize in Malawi by some small-scale
farmers dependent on rain-fed agriculture to cope with more frequent droughts.

Conservation agriculture

Conservation Agriculture (CA) is another low-cost adaptation practice that promotes
sustainable natural resource management and is easily implementable by rural poor. CA

® «“The types of interventions that are appropriate rarely involve large-scale irrigation schemes. The focus is on
schemes that are easy to operate and maintain locally and that target female and male smallholders”, IFAD and
FAO (2008). Water and the Rural Poor, Interventions for Improving livelihoods in sub-Saharan Africa, Rome

2008
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maintains and improves crop yields and resilience against drought while protecting and
stimulating the biological functioning of the soil. It is based on three simple principles: direct
planting of crop seeds (zero tillage), permanent soil cover, and crop rotation. Zero-tillage
practices save about 30% of the water needed and between 30% and 40% of labor required.
Considering that, in sub-Saharan Africa, 64% of cultivated land is tilled by hand, CA can
save time and labor for other income-generating activities in this area. While conservation
agriculture promotes sustainable natural resource management, preventive and
responsiveness measures should go beyond simple natural resource management and foster
resilience to the impacts of climate change. In Zambia for example, conservation agriculture
has helped vulnerable households survive drought and livestock epidemics, and more than
200 000 farmers are now using this technique. In the 2000-2001 drought, farmers who used
conservation agriculture managed to harvest one crop, others farming with conventional
methods faced total crop failure. In Ghana, more than 350 000 farmers now use conservation
agriculture. Through IFAD-provided grants, CA is now also being promoted in Western and
Central Africa by the African Conservation Tillage network (ACT) and the World Agro-
forestry Centre; and in southern Africa, by the International Maize and Wheat Improvement
Centre. Whilst contributing to improved nutrition and incomes from sales, tree planting has
also proven to help stabilize the fragile ecosystems, reducing landslides and enhancing soil
fertility.

Coastal zone protection

Even coastal zone protection may be implemented through very simple practices. A good
example is represented by mangrove preservation, which shelters coastal zones from extreme
weather events. Mangrove preservation is currently supported by the IFAD-financed Post-
Tsunami Rehabilitation and Coastal Communities Resource Management project in Sri-
Lanka. This project is aims to develop and replicate three key coastal ecosystems —
mangroves, coastal lagoons, and sand dunes — at specific sites all along the East Coast, to
protect poor rural people from floods and storms.

Water management

To cope with droughts, water storage can be implemented easily by building stone walls and
terraces to stop water run-off, as demonstrated by an IFAD-supported project in Jordan. This
project helped poor farmers build more than 1,000 cisterns to collect winter rainfall; these
cisterns used gravity to drive water through the farm irrigation systems, providing water
during the drier seasons. As a result, land in the project area has become more fertile, and
farmers have been able to plant olive and pistachio trees, grapes and barley. The incomes of
more than 40,000 people have risen by 12 per cent and family nutrition has improved. The
second phase, which began in 2005, promotes water harvesting techniques, such as wadi bank
(stone barrier) protection, instead of relying on groundwater for irrigation. It has helped
establish associations of water users and supports research on using treated domestic
wastewater to irrigate trees. Initiatives such as this have helped Jordan diversify its
agriculture and increase the replenishment of groundwater.

Income diversification — Bangladesh

To cope with frequent floods, women farmers in Bangladesh are growing vegetables on
hyacinth rafts in flood-prone areas. In the Sunamganj District of Bangladesh, fishing
communities do not have a regular income for more than four months a year during the
monsoon. Many of the families live on one meal a day. IFAD supported project is
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mobilizing poor people and training members of community in: group building; leadership
development; savings and credit management; fisheries resource management; alternative
income-generating activities such as backyard agriculture, food processing, and livestock,
poultry and duck rearing. A group of 75 fishers gained access to 27 ha of beels (wetlands).
They were introduced to community-based sustainable fisheries management to ensure
lasting resources; and they participated in activities such as planting swamp trees and
establishing a fish sanctuary. The group made a profit of USD 3500 from these activities.

Through the savings and credit schemes supported by the project, two women’s groups
comprised of 52 members saved USD 2310. These women received credit from the project,
which they used to invest in small trades such as starting up grocery and tailoring shops,
buying boats and nets, and livestock rearing and agricultural activities. The investments
provided project participants with a substantial additional income. The group savings and
credit schemes have also freed the members of these groups from the clutches of
moneylenders.

However, adaptation to climate change illustrated by the examples given above is only one
approach. Poor rural people can also contribute to mitigation measures

4.2. Mitigation measures

Mitigation has revolved around the reduction of greenhouse gases (GHG) and the
enhancement of carbon sinks to absorb them’ (Boyd 2002). Although responsibility for
carbon emissions resides primarily in developed countries, fossil fuel use and industrial
processes, rural poverty, and subsistence agriculture account for a portion of emissions of
carbon dioxide that stem from deforestation and land use change.? In addition, rural poor
women and men generally lack access to energy-efficient services that do not degrade the
ecosystem or contribute to environmental change. Rural households typically rely on biomass
for cooking and heating. Thus, rural poor people can contribute to the reduction of GHG
emissions through carbon-neutral agricultural practices, or by sequestrating carbon through
forest management (WB, FAO, IFAD 2009).

As natural resource ‘users’, farmers are consumers and at the same time potential providers
of a wide range of environmental services that contribute to carbon sequestration and limit
carbon emissions, such as planting and maintaining forests, managing rangelands and rice
lands, and watershed protection that limits deforestation, soil erosion and flooding risks.

However, the rural population is under-compensated for the services they can provide to
secure ecosystem conservation and restoration. In that context, the payment for
environmental services (PES) and other rewards systems, tailored to local specificities, can
provide an accounting approach for pricing these incentives, and through proper design can
be a powerful pro-poor mechanism for mitigation.

Payment for environmental services

One encouraging IFAD program underway is Rewarding Upland Poor for Environmental
Services (RUPES) which works on pro-poor implementation of PES in Indonesia, Philippines
and Nepal. The activities under RUPES have had a significant impact on secure access to
land, payments for water, maintenance of biodiversity and carbon sequestration. Nonetheless,

" The causes of global warming can be reduced either by reducing the emissions of greenhouse gases or by
subtracting carbon dioxide from the atmosphere (http://www.fao.org/clim).

& http://www.fao.org/clim/mitigation_en.htm.
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due to high transaction costs and the difficulty to access the relevant markets, on carbon
sequestration, RUPES has yet to reach the stage of providing real benefits to the upland
communities concerned. Rural populations are ready to sell their services, but the connection
with carbon credit buyers is not yet effective. It is expected that the market will develop
shortly.

Carbon sequestration

The potential of indigenous practices in terms of contribution to mitigation has been
recognized since the Third Assessment Report in 2001, where IPCC stated that “instead of an
exclusive reliance on financial and technological assistance, /...] there is a need to invest in
indigenous capacity to undertake mitigation without compromising the development agenda”
(IPCC 2007). Despite indigenous populations practicing sustainable, carbon-neutral, or even
carbon-negative, lifestyles, thus contributing to global GHG mitigation, indigenous people
are still not integrated into financial mechanisms rewarding the provision of environmental
services. Few schemes have been undertaken to reduce transaction costs associated with
contracting for poor or indigenous communities. One of them, the Scolel Té project in
Mexico, provides a good example of what could be done to integrate indigenous people into
PES mechanisms.

The Scolel Té project in Mexico is a carbon sequestration scheme based on agroforestry
practices, and tries to integrate indigenous communities into small-scale carbon trading. The
project benefits 400 individuals from 30 indigenous communities representing four different
ethnic groups. The particularity of the project is its ability to initiate carbon trading at a very
small scale and to function with minimal resources. The Scolel Té project has resulted in
community empowerment. In addition, a survey found that participants highly valued the
information and training they received on forest management (Tipper 2002).

Another example is a project implemented by the Fundacion Sol de Vida in the Santa Cruz
and Nicoya counties of the Guanacaste region of Costa Rica. The focus is to promote the use
of solar power for cooking and to build women’s capacity for other activities through
constructing and using solar cookers. Over 130 households have switched from wood,
electricity, or gas to solar cooking, thereby reducing greenhouse gas emissions. The project
has reduced the health risks associated with wood burning and reduced women’s workload,
because they no longer collect fuel wood. Women build the stoves themselves then teach
others to do the same. Sol de Vida has exported this model to Guatemala, Honduras, and
Nicaragua. (WB, FAO, IFAD 2009).

4.3. Risks and recovery

In terms of natural disasters and climate change, the international debate has evolved in
recent years, with many experts asserting that efforts to curb global warming or reduce
greenhouse emissions are not enough to protect the most vulnerable populations in the near
term. Measures to adapt to climate change and reduce the risks of crises must be put in place.
Typically such efforts are highly localized, and to be effective must be tailored not only to the
local environment but also to poor rural communities.

In Indonesia the Post-Crisis Program for Participatory Integrated Development in Rainfed
Areas was designed to build poor rural people's institutions in the form of self-help groups
that work closely with other community-based organizations managing local resources.
Group members can develop their skills, undertake a range of initiatives through collective
action and become self-reliant. This program aims to reach 450 000 people living in some of
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the poorest villages in Indonesia.

Beyond enhancing the population’s resilience after disasters, some of IFAD’s support has
been extended to help rural people better prepare for future risks. In Sudan and Ethiopia,
environmental warning systems were established to allow rural populations to adjust their
livelihoods to expected drought effects. In China, farmers are exposed to cyclical poverty as a
result of regular crop failures, induced by erratic weather patterns. IFAD has therefore co-
funded an initiative to develop and implement an index-based weather insurance system.
Particularly for economies based on rain-fed agriculture, weather continues to be one of the
most persistent production risks. In this regard, index-based weather insurance, particularly
for the agricultural sector, is an opportunity for managing weather risk. The system is based
on local weather indices (common variables include temperature, rainfall), usually highly
correlated to local yields. For the agricultural producer, identifying weather risk involves
identifying a measurable weather index that is strongly correlated to the farmers’ losses on a
particular crop in a defined time period. Compensations are triggered by pre-specified
patterns of the index, rather than yields. As the insurance is based on reliable and
independently verifiable indices, the risk can be efficiently transferred to the market at a
premium (UNDESA 2007).

This private-public funded activity will insure rural poor people’s incomes against weather
hazards, breaking the pattern of the frequent risk of ‘short term shock — long term impact.’
IFAD has been supporting improved warning and preparedness systems, focusing on
meteorological risks in arid zones with increased frequency of droughts.

5. Mobilizing resources

Both adaptation and mitigation will need additional resources.® Unfortunately, financial
support for smallholder farmers for implementing adaptation and mitigation options has been
too little and too slow in reaching them. According to UNFCCC, 50-170 billion US$, will be
globally needed for adaptation in 2030, and 200-210 billion US$ for mitigation. In
developing countries, US$ 90-100 billion will be needed for mitigation, and 30-70 billion for
adaptation. As for the rural poor, US$ 55-65 billion per year are needed to mitigate in the
agriculture, land use, land use change and forestry sectors, and 28-67 billion US$ to
implement adaptation. Current estimates of costs are tentative,'® and depend on the climate
change scenario, and on how ambitious the adaptation regimes are expected to be.

Funds for adaptation

The Global Environment Facility (GEF)* is the primary institutional structure through which
most of the funds set up under the UNFCCC and the Kyoto Protocol are channeled. There
are four financial resources for adaptation currently managed by the GEF: the Least

° In addition to the current level of Official Development Assistance, which in 2006 stood at about US$104
billion.

1% 0n the basis of 13 NAPA budgets, Oxfam estimates that for all developing countries an additional US$7.7
billion (projection on population basis), US$33.1 billion (projection on GDP basis) and US$14.4 billion
(projection on land area use basis) are needed. See Oxfam briefing paper 104 (2007). An UNFCCC-sponsored
study on financial flows estimates the cost of adaptation in the AFF sector in 2030 at about US$14 billion, but
warns about the tentative nature of its estimates.

" The Global Environment Facility (GEF) is the primary financial mechanism of the UNFCCC. It provides the
structure for the transfer of financial resources from developed to developing countries.
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Developed Countries Fund (LDCF), the Special Climate Change Fund (SCCF), the Strategic
Priority on Adaptation (SPA) under the GEF Trust Fund and the Adaptation Fund (GEF
2007b). Through the SPA, the LDCF and the SCCF, the GEF has provided (as of 2007)
US$289 million for adaptation.

The Adaptation Fund, established at the Thirteenth Conference of Parties (COP13) in Bali,
supports “concrete adaptation activities.” The Adaptation Fund is expected to become the
largest and most reliably funded of the existing funds. The World Bank estimates that the
amount of money available may amount to a total of US$100 to $500 million by 2012 (World
Bank 2006).

Funds for mitigation

In mitigation, options for financing are much broader and are still emerging. The growing
market for carbon for projects and activities such as the Clean Development Mechanism
(CDM) and voluntary markets demonstrates that the sequestration of carbon could offer
opportunities for smallholder agriculturalists to gain from the mitigation potential of the
agriculture sector. In this case too, the participation of developing countries, and particularly
the poorest communities within them, in the global carbon market, has been extremely
challenging, because the modalities and procedures of the CDM in particular are complex and
present many barriers to action.

Part of the problem lies in the detailed set of standards for CDM verification, which results in
high transaction costs for CDM certification, and this excludes small-scale projects.
Generally speaking, smallholders are not competitive sellers in carbon markets because of
high transaction costs, and the small size of their projects. Efforts to overcome these barriers
are important in engaging smallholder farmers in mitigation efforts and in making sure they
benefit from the opportunities presented.

National adaptation programs of action

At the national level, National Adaptation Programs of Action (NAPAS) provide a process for
Least Developed Countries (LDCs) to identify priority activities that respond to their urgent
and immediate needs with regard to adaptation to climate change. The rationale for NAPAs
rests on the limited ability of LDCs to adapt to the adverse effects of climate change. In order
to address the urgent adaptation needs of LDCs, a new approach was needed that would focus
on enhancing adaptive capacity to climate variability, which itself would help address the
adverse effects of climate change. The NAPA takes into account existing coping strategies at
the grassroots level, and builds upon that to identify priority activities, rather than focusing on
scenario-based modeling to assess future vulnerability and long-term policy at state level. In
the NAPA process, prominence is given to community-level input as an important source of
information, recognizing that grassroots communities are the main stakeholders.

The LDC Fund was set up to support a work program to assist LDCs carry out the
preparation and implementation of their NAPAs. However, full implementation of NAPAs
can be limited by lack of resources. GEF does provide the opportunity to access funds for
priority projects identified in the NAPA, but cannot finance a fully comprehensive national
program for adaptation. Furthermore, implementation of NAPAs will really require
institutional commitment and buy-in, and should be integrated with development objectives
and priorities.

2 The management structure of the Adaptation Fund was finalized at COP13 to the UNFCCC in Bali in
December 2007, and the fund is expected to become operational in June 2008. The fund will be located at the
Global Environment Facility (GEF) and will be administered by a 12-member committee.
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Access to most of the existing funds by smallholder farmers so far has been rather limited.*®
Among various barriers to accessing the funds, the complexity of project design and
implementation and the need to comply with overwhelming administrative and financial
management requirements have been identified as most critical (Solomon 2007). Most of
these constraints can be removed through simplifying and standardizing project design and
implementation procedures, simplifying administrative and financial requirements, and
building awareness and capacity to comply with the requirements to access those funds.

6. Conclusions

Climate change and global warming are adding a new dimension to the challenge of
eradicating poverty and hunger. Climate change has the potential to reverse much of the
recent progress in reducing poverty, particularly in Africa. In confronting climate change,
agriculture — especially smallholder agriculture — can play a major role. But whether poor
farmers store or release carbon will depend on the opportunities they have and the incentives
they are offered. We can help them to become part of the solution — helping to feed the world
and store the carbon. To achieve this, we need to sharply increase investment in crop, range
and forest lands, to manage them sustainably to increase production, as well as to contribute
to mitigation and adaptation.

There is consensus on the importance of climate change and the need for the international
community to address it in a collective effort as testified by the statement from the recent G8
Summit in Hokkaido, Japan where the discussion provided initial direction for global efforts
that must be accelerated. The commitment made by the G8 to reduce emissions by at least
50% by 2050 is yet another testimony to this effect taking into account a differentiated
approach between developed and developing countries.

Scientific issues have received a lot of attention at the international level. However, the issues
related to the poor rural populations and their respective economies, including regional and
local markets, have not received as much attention. There is a need to assist these populations
in building resilience and to reassess their ability to address issues such as those related to
their respective local economic conditions, including how they are influenced and how they
affect prices and other market related parameters.

The willingness by the G8 to provide financial resources toward adaptation and mitigation in
developing countries is a welcome development, although this should be done without
compromising on-going efforts on development financing.

The very survival of hundreds of millions of poor rural people depends on the ability of the
international community to provide support in an effective and sustainable way. A concerted,
coordinated and collective effort is needed to increase investment in agriculture, if we are to
be able to tackle the triple scourge of poverty, climate change and high food prices.
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Abstract

While the institutions represented in this
conference are different in many respects,
we have much in common. Each
organisation is dedicated to research, and
service to society, including assisting with
the application of knowledge to benefit
humankind. Meeting the challenges of
dry-lands, including desertification and
land degradation requires large and long-
term investments that are difficult to
mobilize from central and local
government budgets alone. OFID is
committed to uprooting poverty and to
working co-operatively with all spheres of
public and private sectors to raise
investor awareness and to ensure the
maximum impact of local economic
development initiatives and poverty
alleviation strategies. The strengthening
of ties between OFID and the
International Dryland Development
Commission (IDDC) comes at a moment
of unprecedented challenges and
opportunities for development in the
dryland areas

The world population needs clean water,
clean energy and an abundant nutritious
food supply. World food production and
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water use by crops will need to double by
2050 to meet the growing food demand.
Meeting the challenge of drylands, including
desertification and land degradation,
requires large and long term investments
that are difficult to mobilize from the central
and local government budgets alone.
Meeting these challenges are in the heart of
OFID’s mandate. The heads of the states
and governments of the member countries of
OPEC, who are the shareholders of my
institution, confirmed in Caracas and Riad
declarations that commitment. Here I will
like to quote from their Declaration in the
meeting in Riad, Saudi Arabia, in November
2007, “The Heads of States acknowledge
that forests play a crucial role in maintaining
ecological balance and act as sink for
greenhouse gases and share the international
community concern that all policies and
majors developed to address climate change
concerns are both balanced and
comprehensive, taking into account their
effect on developing countries. In this
regard they are committed to the promotion
of management, conservation and
sustainable development of all types of
forests. They urge the developed countries
to facilitate access to modern technology by
developing countries that are reliable,
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economically viable and environmentally
sound.” Fulfilling the aspiration of the
developing and developed world in
combating desertification and land
degradation requires large amount of
investment. OFID is committed to
participate in any global effort towards this
objective. OFID was established in 1976 as
a multilateral development financing
institution by the member countries of
OPEC, as a token of south-south
collaboration and solidarity. A central aspect
of OFID’s broad vision of development is
our dedication to support the attainment of
the Millennium Development Goals, which
the world was called up on to target to move
humanity forward. OFID has cumulatively
made available funding of 9.9 billion dollars
in the form of grants, conditional private
sector and public sector loans, and state
financing facility, benefiting 121 developing
countries worldwide regardless of region,
race or religion. Of these countries, 50 are in
Africa, 40 in Asia, 27 in Latin America and
the Caribbean and four in Europe. In line
with its mandate, OFID takes a basic need
approach in the allotment of its financing, in
an effort to maximize the impact of its
assistance on the poorest countries in the
region. Consequently, almost 30% of
OFID’s financing went to the cumulative
public sector conditional loans and 24% to
energy and transportation. Agriculture and
water received 28% of OFID’d grant
support to help combat desertification in
arid and semiarid countries in cooperation
with the specialized international agencies.
Additionally, grants and program-related
loans were made available for education,
environment and emergency food aid.

To help promote greater partnership and
cooperation, OFID believes in strategic
partnership for development as evidenced
by the strong ties we have forged over the
years with various like-minded institutions.
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OFID’s founding fathers were instrumental
in establishing the International Fund for
International Development (IFAD) in Rome
and similarly we are involved in establishing
the Common Fund for Commaodities (CFC)
and supporting it by membership and
contribution in LDC. Further more OFID
closely cooperates with FAO in fighting
hunger, and the Global Mechanism of the
United Nations Convention to Combat
Desertification (UNCCD), as well as the
CGIAR centers, in particular ICARDA.

OFID recognizes the value of combating
desertification that damages land
productivity and causes reduction in the
food producing capacity, thus undermining
basic food security. It should be recognized
that desertification resulting from natural
causes or wrongful governmental policies
should be genuinely and adequately
addressed.

It is alarming that the world food supply is
now facing duel threat of global climate
change and the boom of the biofuel industry.
With this in mind, OFID, in cooperation
with an international institution, is currently
funding a study that would assess the
negative impact that the developing
countries will face by the worldwide
production and use of biofuels, in terms of
sustainable agriculture and food security as
well as on the soil environment. The study
will also investigate the value of biofuels in
the energy mix to be used. According to one
study in the University of Minnesota, even if
the entire crop of corn in the USA was used
for producing ethanol, it will only meet 12%
of the gasoline consumption in that country.
But the price will be that the entire world
will be deprived of this production for food
and the impact on corn price in the world
market will be drastic. What is needed is the
vision, strong commitment and determ-
ination, sound leadership and lasting



partnership for development and enhancing
financing for advancing science and
technology, education, economics and
management into sustainable local
institutions and feasible projects. What is
really needed is to create a political climate
for cooperation and shed off negative
stereotyping and negative political will.
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OFID is trying to strengthen its relationship
with the International Commission on
Dryland Development. The time has come
to remove the historical neglect of
agriculture in the dry areas and food security
and we are willing to do what ever it takes
to cooperate in this process.
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Abstract

The most important issue facing the
people who live in the dryland regions of
the world is to ensure long-term
agricultural productivity while
conserving land, water, and biodiversity.
In this context, sustainable agricultural
development is very crucial. Lack of
access to water supplies, overpopulation,
migration, and conflicts overwhelm soil
resources and reduce the ability of
communities in providing food.
Sustainable development of countries
affected by drought and desertification
can only come about through concerted
efforts based on a sound understanding
of the different factors that contribute to
land degradation around the world. The
Fourth Assessment Report (AR4) of the
World Meteorological Organization
(WMO) co-sponsored Intergovernmental
Panel on Climate Change (IPCC) shows
that there have already been some
observed climate changes in the dryland
regions and there are many potential
impacts due to future climate change.
However, much is still unknown about
the current year-to-year climate
variability and its impact on drylands.
Therefore, in order to sustainably
manage current dryland resources with
respect to impacts of climate variability
and to adequately address likely future
climate change impacts, decision-makers
at all levels need to be aware of all
aspects of the climate system.
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The WMO, through a global network of
National Meteorological and
Hydrological Services (NMHSs) of its
Members and other partners, plays an
important role in weather and climate
observation, monitoring, scientific
understanding of climate processes, and
the development of clear, precise and
user-targeted information and climate
predictions. It furthermore provides
sector-specific climate services, including
advice, tools and expertise, to meet the
needs and requirements of climate-
related adaptation strategies as well as
decision-making. However, the climate
system is so complex that the global
network of scientific observations and
research need to be strengthened.

1. Introduction

Drylands are climates defined by moisture
water deficits where there is more
evaporation than precipitation received
during the year. There are many definitions
of drylands but it is generally accepted that
there are four types: dry sub-humid,
semiarid, arid, and hyper arid or desert
(MEA 2005, Trewartha 1968, Rudolf
1981). According to the Convention on
Biological Diversity (CBD 2008) the arid
and semi-arid regions include grasslands,
savannahs, and Mediterranean landscapes
which cover approximately 47% of the
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Earth's terrestrial area, with the largest areas
found in Australia, China, Russia, the
United States, and Kazakhstan.

The most important issues facing the people
who live in the dryland regions of the world
is to ensure long-term agricultural
productivity while conserving land, water,
and biodiversity. In this context, sustainable
agricultural development is very crucial.
Lack of access to water supplies,
overpopulation, migration, and conflicts
overwhelm soil resources and reduce the
ability of communities in providing food.
The issue of soil resources, land
degradation, global food security and
environmental quality becomes significant
when one considers that only about 11% of
the global land surface can be considered as
prime land, and this must feed the 6.3
billion people today and the 8.2 billion
expected in the year 2020 (Reich et al.
2001). Combined with these factors,
droughts can lead to land degradation and
eventual desertification if the problem is not
addressed. All these factors are difficult
enough to manage and even without the
concern of climate change added to the
equation.

Sustainable development of countries
affected by drought and desertification can
only come about through concerted efforts
based on a sound understanding of the
different factors that contribute to land
degradation around the world. Climatic
variations are recognized as one of the
major factors contributing to land
degradation and it is important that greater
attention be paid to understand the role of
different climatic factors in land
degradation (Sivakumar and Stefanski
2007). Only when climate resources are
paired with potential management or
development practices can the land
degradation potential be assessed and
appropriate mitigation technologies
developed. The use of climate information
must be applied in developing sustainable
practices as climatic variation is one of the
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major factors contributing to or even acting
as a trigger to land degradation. There is a
clear need to consider carefully how climate
induces and influences land degradation.

2. Observed climate change and impacts

According to the Fourth Assessment Report
(AR4) of the WMO co-sponsored
Intergovernmental Panel on Climate
Change (IPCC) released last year, the
warming of the climate system is
unequivocal (Solomon et al. 2007). Eleven
of the twelve years in the period between
1995 to 2006 rank among the 12 warmest
years in the instrumental record of global
surface temperature. The global surface
temperature difference from 1906 and 2005
is 0.74°C. The linear warming trend over
the last 50 years is nearly twice that for the
last 100 years. At continental, regional, and
ocean basin scales, numerous long-term
changes in climate have been observed.
These include changes in Arctic
temperatures and ice, widespread changes
in precipitation amounts, ocean salinity,
wind patterns and aspects of extreme
weather, including droughts, heavy
precipitation and heat waves. More intense
and longer droughts have been observed
over wider areas since the 1970s,
particularly in the tropics and subtropics.

The AR4 report also stated there is a very
high confidence that physical and biological
systems on all continents and in most
oceans are already being affected by recent
climate changes (Rosenzweig et al. 2007).
Significantly, an assessment of observed
changes at a global scale indicated that, it is
likely that over the last three decades,
anthropogenic warming has had a
discernible influence on many physical and
biological systems. During the past 50 years,
many animal and plant populations have
been under pressure due to land-use
changes and increased intensity of
agriculture, causing many species to be in
decline. The AR4 notes that the vast
majority of studies of terrestrial biological



systems reveal notable impacts of global
warming over the last 30-50 years such as:
earlier spring and summer phenology and
longer growing seasons in mid- and higher
latitudes, production range expansions at
higher elevations and latitudes, some
evidence for population declines at lower
elevations or latitudinal limits to species
ranges, and vulnerability of species with
restricted ranges, leading to local
extinctions (Fischlin 2007).

The AR4 report also states that while there
were many studies related to trends in river
flows during the 20th century at various
spatial scales, no global trend has been
reported (Rosenzweig et al. 2007).
However, at the global scale, the report
cited evidence of a broad pattern of change
in annual runoff, with some regions
experiencing an increase at higher latitudes
and a decrease in parts of West Africa,
southern Europe and southern Latin
America. Changes in river discharge and
the frequency of droughts and heavy rains
in some regions indicate that hydrological
conditions have become more intense. The
report noted that significant trends in floods
and evapotranspiration have not been
detected globally. There have been
indications of intensified droughts in drier
regions.

The AR4 WG Il Chapter on Freshwater
resources noted that people and natural
ecosystems in many river basins currently
suffer from a lack of water (Kundzewicz et
al. 2007). In global-scale assessments, river
basins with water stress are located in
Africa, the Mediterranean region, the Near
East, South Asia, Northern China,
Australia, the USA, Mexico, north-eastern
Brazil, and the western coast of South
America, with estimates of the population
living in these regions ranging from 1.4
billion to 2.1 billion. The chapter stated
that human water use is dominated by
irrigation, which accounts for almost 70%
of global water use. Additionally, in most
countries of the world except in a few
industrialized nations, water use has
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increased over the last decades due to
demographic and economic growth,
changes in lifestyle, and expanded water
supply systems. The report noted that water
use, in particular irrigation water use,
generally increases with temperature and
decreases with precipitation. However,
there is no evidence for a climate-related
trend in water use in the past because water
use is mainly driven by non-climatic factors
and to the poor quality of water-use data.

Rainfall amounts and intensities are
important factors controlling climate
change impacts on water erosion on land
and the report stated that there is no
evidence for a climate-related trend in
erosion and sediment transport in the past,
since data on this aspect are poor and
climate is not the only driver of erosion and
sediment transport (Kundzewicz et al.
2007).

3. Future climate change and impacts

The IPCC report further notes an increasing
trend in the extreme events observed during
the last 50 years, particularly heavy
precipitation events, hot days, hot nights
and heat waves (Solomon et al 2007).
Climate change projections indicate it to be
very likely that hot extremes, heat waves
and heavy precipitation events will continue
to become more frequent in some parts of
the world. The combination of these events
can have an enormous impact on
agricultural production, and quality, as well
as on farmers’ incomes. Looking ahead, the
report expects the warming in the 21st
century to be greatest over land and at the
higher northern latitudes (Parry et al. 2007).
For the next two decades a warming of
about 0.2°C per decade is projected for a
range of emission scenarios. Increases in
the amount of precipitation are considered
very likely in high latitudes, while
decreases are likely in most subtropical land
regions. Annual average river run off and
water availability are projected to increase
by 10-40% at high latitudes and in some
wet tropical areas, and to decrease by 10-



30% over some dry regions at mid-latitudes
and in the dry tropics. In particular, soils
exposed to degradation as a result of poor
land management could increasingly
become infertile.

The IPCC report has described significant
impacts on land, water resources, and
dryland biodiversity (Parry et al. 2007;
Kundzewicz et al. 2007; Fischlin et al.
2007; Boko et al. 2007). Climate change
may also exacerbate desertification by
altering spatial and temporal patterns of
temperature, rainfall, solar radiation and
winds. Some of these impacts can be
described as follows:

e In general, increased precipitation
intensity and variability is projected to
augment the risks of flooding and
drought in many areas;

e For local mean temperature increases of
up to 1-3°C, crop productivity is
projected to increase slightly at mid- to
high latitudes, and decrease beyond
these values;

e At lower latitudes, especially seasonally
dry and tropical regions, crop
productivity is projected to decrease for
even small local temperature increases
(1-2°C);

e Inthe drier areas of Latin America,
climate change is expected to lead to
salinisation and desertification of
agricultural land;

e In Southern Europe, higher temperatures
and more frequent drought are expected
to reduce water availability, hydropower
potential, and, in general, to affect crop
productivity while increasing fire
frequency and fire extent;

¢ With the virtually certain likelihood of
warmer and more frequent hot days and
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nights, insect outbreaks impacting
agriculture, forestry and ecosystems are
projected to increase;

Changes in a variety of ecosystems are
being detected at a faster rate than was
previously anticipated, particularly in
southern Africa ecosystems;

It is estimated that, by the 2080s, the
proportion of arid and semi-arid lands in
Africa is likely to increase by 5-8%;

In some water-scarce areas, people and
ecosystems are increasingly vulnerable
to decreasing and more variable
precipitation on account of climate
change;

There is high confidence that, if
greenhouse gas emissions and other
changes continue during the next 100
years at or above current rates, the
ability of many ecosystems to adapt
naturally is likely to be exceeded by an
unprecedented combination of climate
change-associated disturbances such as
flooding, drought, wildfire and insects as
well as other global change issues,
especially land-use change, pollution and
over-exploitation of resources;

With global mean temperatures
exceeding 2 to 3°C above pre-industrial
levels, approximately 20 to 30% of all
species currently assessed are likely to
be at increasingly high risk of extinction;

The most vulnerable ecosystems include
coral reefs, sea-ice biome, high-latitude
ecosystems such as boreal forests,
mountain and Mediterranean-climate
ecosystems;

Many semi-arid and arid areas, such as
the Mediterranean basin, western part of
USA, southern Africa, and north-eastern
Brazil, will suffer a decrease in water
resources due to climate change;



¢ In some water-stressed regions, efforts to
offset declining surface water
availability due to increasing
precipitation variability would be further
hampered by population growth-
enhanced water demand;

e Current water management practices are
very likely to prove insufficient in
reducing the negative impacts of climate
change on water supply reliability, flood
risk, health, energy, and aquatic
ecosystems, although improved
incorporation of current climate
variability into water resources
management could indeed contribute
positively to future climate change
adaptation;

e Some climate change scenarios predict
that, with warming of 1.5 to 2°C by
2050, about one-third of the Sahel would
become even more arid, which would be
accompanied by a general Equator-ward
shift of vegetation, while other scenarios
show less pronounced changes;

e Increasing threats of desertification in
Mediterranean-type ecosystems have
been projected from the expansion of
adjacent semi-arid and arid systems
under relatively minor warming and
drying scenarios, which would likely
induce substantial species shifts
migration rates that might exceed the
capability of many endemic species;

e Several global studies have suggested
that, at least until 2050, land-use change
would be the dominant driver of
terrestrial biodiversity loss in human-
dominated regions and, conversely, that
climate change is likely to dominate
wherever human interventions are more
limited, such as in the tundra, boreal,
cool conifer forests, deserts and savanna
biomes.

Soil erosion studies reviewed by the AR4
have suggested that, due to the erosive
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power of rainfall, increased rainfall will
contribute to greater rates of erosion unless
protection measures are adopted
(Kundzewicz et al. 2007). Soil erosion rates
are expected to change due to the erosive
power of rainfall. Other causes of erosion
include:

e Changes in plant canopy caused by shifts
in plant biomass production in
association with the perturbed moisture
regime;

e Changes in ground litter cover caused by
temperature-driven variations in plant
residue decomposition rates driven by
temperature, in moisture-dependent soil
microbial activity and in plant biomass
production rates, particularly on account
of moisture-dependent microbial
activity;

e Changes in soil moisture due to shifting
precipitation regimes and runoff ratios;

e Changes in soil erodibility due to a
decrease in soil organic matter
concentrations leading to a soil structure
more susceptible to erosion;

e Changes in soil erodibility due to
increased runoff, on account of larger
soil surface sealing and crusting;

e Shifts in winter precipitation from non-
erosive snow to the more erosive
rainfall, due to increasing winter
temperatures;

e Melting permafrost- induced soil
erosion;

e Changes in land use made in response to
the newer climatic regimes.

With regards to the implications of climate
change on soil conservation efforts, a
significant conclusion from recent scientific
efforts has been the fact that conservation



measures should increasingly target
extreme events, due in particular to the fact
that intense rainfall events can contribute a
disproportionate amount of erosion relative
to the total rainfall contribution, which will
be exacerbated in the future by the
increasing frequency of such events.

4. Role of the World Meteorological
Organization (WMO)

The International Meteorological
Organization (IMO), established in 1873,
was since responsible for international
cooperation in meteorology. IMO became
WMO in 1950, which is today the
specialized agency of the United Nations
System with a mandate in weather, climate
and water and it has a key role in the area of
sustainable development. The National
Meteorological and Hydrological Services
(NMHSs) of WMO’s 188 Members have
an essential role in adaptation to and
mitigation of climate variability and change
impacts. The most critical impacts are those
potentially affecting human life and
socioeconomic development, as well as
those that disrupt food, water,
transportation, and the various forms of
biodiversity (marine, forest, agricultural,
etc.). WMO has a vast reservoir of expertise,
knowledge, data and tools among its
Members, programs and technical
commissions, as well as through its
partnerships. It can thus bring into play
strong scientific and technical capabilities
along with local, regional and global
knowledge, providing authoritative and
targeted analyses for the various user
communities.

It is widely recognized today that human
activities are now modifying climate at an
increasingly alarming rate, but such was not
the case in 1976, when WMO issued the
first authoritative statement on the
accumulation of carbon dioxide in the
atmosphere and the potential impacts on the
Earth's climate. In 1979 WMO organized
the First World Climate Conference, as a
result of which in 1988 WMO and the
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United Nations Environment Program
(UNEP) jointly established the IPCC, which
they have continued to co-sponsor in
successful partnership to this day. The
IPCC was recently distinguished in 2007
with the prestigious Nobel Peace Prize. In
addition, the First World Climate
Conference led to WMO’s establishing of
the World Climate Research Program
(WCRP) with the International Council for
Science (ICSU) and, subsequently, also
with UNESCO’s Intergovernmental
Oceanographic Commission (IOC). This
was followed in 1990 by the Second World
Climate Conference, which called for the
establishment of a climate convention and
ultimately resulted in the development of
the United Nations Framework Convention
on Climate Change (UNFCCC) “to achieve
stabilization of greenhouse gas
concentrations in the atmosphere at a low
enough level to prevent dangerous
anthropogenic interference with the climate
system”. The second conference also led to
the establishment of the Global Climate
Observing System (GCOS) by WMO,
UNEP, IOC-UNESCO and ICSU, to
facilitate the availability of systematic
observations as needed for authoritative
climate change studies.

Having warned the global community about
the dangers posed by anthropogenic release
of greenhouse gases into the atmosphere,
WMO is now supporting the needs of
climate prediction for societal benefits. To
set the stage for a new era in forecasting as
well as to generate the awareness of users
and commitment by governments, WMO is
organizing with partners the Third World
Climate Conference (WCC-3), which will
be held in Geneva from 31 August to 4
September 2009. The main theme of the
WCC-3 will be “climate prediction and
information for decision-making”.

The development and application of these
seasonal climate forecasts by a large
number of NMHSs has increased over time,
while specific institutional frameworks



have been established to address relevant
climate change issues at the local and
regional levels. In this context, the Regional
Climate Outlook Forums (RCOFs)
constitute an important vehicle in
developing countries for providing
advanced information on the future climate
for the next season and beyond, and for
developing a consensus product from
amongst the multiple available individual
predictions. RCOFs stimulate the
development of climate capacity in the
NMHSs and facilitate end-user liaison to
generate decisions and activities that
mitigate the adverse impacts of climate
variability and change, helping
communities to develop the appropriate
adaptation strategies.

Many institutions involved in the RCOFs
had a close relation with WMO in their
formation. In response to several droughts
in Africa, WMO, with the support of UNDP
and other partners, helped to establish the
Regional Centre for Agricultural
Meteorology and Hydrology (AGRHYMET)
in Niamey, Niger, two Drought Monitoring
Centres (DMCs) in Nairobi (Kenya) and
Harare (Zimbabwe, recently moved to
Gaborone, Botswana). In 1993, WMO and
the Economic Commission for Africa
sponsored the establishment of the African
Centre of Meteorological Applications for
Development (ACMAD) in Niamey, Niger.
In 1998, the International Research Center
for the El Nifio Phenomenon (CIIFEN) was
established in Guayaquil, Ecuador with the
assistance of WMO and other partners (IRI,
Permanent Commission for the South
Pacific, and others). All of these regional
institutions either host WMO-supported
RCOFs and/or contribute their expertise
and knowledge.

In addition to RCOFs and seasonal climate
prediction, WMO plays a role in developing
and highlighting the need for a
comprehensive and integrated approach to
more effectively monitor drought and
provide early warnings. In 2006, WMO and
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the United Nations Convention to Combat
Desertification (UNCCD) established a
Drought Management Centre for South-
eastern Europe in Slovenia. The main aim
of the Centre is to observe, collect, and
provide to the users the necessary data that
are used in drought forecasting, supporting
early warning systems in the participating
countries on the occurrence of drought
events, assessing the severity of these
events, mitigating damages and preparing a
drought sensitivity map for the region. This
process is also being explored by the
several Central Asian countries to establish
a similar Drought Management Centre for
Central Asia, in coordination with WMO
and the UNCCD. There are other regional
examples, such as the Australian National
Agricultural Monitoring System and the US
and North American Drought Monitor
(WMO 2006).

With the IPCC Fourth Assessment Report,
there has been a focus on climate change,
future impacts, and potential adaptation
strategies. However, the main determinant
for many important sectors of the world
(agriculture, economic activity, energy,
health) is still seasonal climate variability.
Climate variability can be defined as the
deviation from long-tern climate averages
over a certain period of time such as a
month, season, or year. Examples of
climate variability would include a strong-
than-normal monsoon, a more intense
drought period (e.g. the Southwestern US
Drought), intense rainfall causing flooding
or a stronger-than-normal tropical storm or
extra-tropical storm season. Seasonal
climate regimes can be as important as
climate change and these climate variations
exist whether the climate is changing or not
and have an impact on the sustainable
development of drylands.

The issues of climate variability and climate
change need to be integrated into resource
use and development decisions. There is a
need to optimally manage the different
sectors with respect to today’s natural



climate variability and this requires a
careful evaluation of the policies, practices
and technologies currently in vogue.
Decreasing the vulnerability of the different
sectors such as biodiversity, forestry,
agriculture, and energy to natural climate
variability through a more informed choice
of policies, practices and technologies will,
in many cases, reduce the long-term
vulnerability of these systems to climate
change. Therefore, in order to sustainably
manage current dryland resources with
respect to impacts of climate variability
(droughts, limited water resources) and to
adequately address likely future climate
change impacts, the latest knowledge and
capacities in climate need to be translated
into operational products enabling countries
to enhance their capacities in climate-
related risk management. The use of
weather and climate information can assist
the decision-makers of these various sectors
and so it is very important that climate
change adaptation is integrated into
sustainable development plans at the
national level (WMO 2007).

WMO contributes to understanding the
interactions between climate and land
degradation through dedicated observations
of the climate system; improvements in the
application of agrometeorological methods
and the proper assessment and management
of water resources; advances in climate
science and prediction; and by promoting
capacity building in the application of
meteorological and hydrological data and
information in drought preparedness and
management WMO also provides support
to the NMHSs in organizing Roving
Seminars for farmers on weather and
climate, to increase the interaction between
NMHSs and the agricultural community.
The overall goal is to make farmers more
self-reliant by helping them become better
informed with weather and climate issues
that influence their agricultural production.
The one-day seminars, which focus on
basic weather and climate information, are
provided by NMHSs experts emphasize on
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applications of weather and climate in
agricultural decision-making, and on pest
and disease control, which are provided by
agricultural extension agents. However, as
pointed out in the IPCC AR4 report, while
there is significant evidence of observed
changes in natural systems in every
continent, the majority of studies come
from mid- and high latitudes in the
Northern Hemisphere and there is sparse
documentation of observed changes in
tropical regions and the Southern
Hemisphere (Rosenzweig et al. 2007). In
most developing countries, climate is seen
as a lesser priority compared to other
current needs and relatively few resources
can be allocated to climate activities at
national levels. WMO, in partnership with
international and regional organizations,
can guide and improve the capabilities of
national institution frameworks for
implementation of adaptation activities.
They can also be provided with appropriate
tools to develop climate models at smaller
scales to suit national needs. Research
activities and systematic observations can
be promoted to overcome constraints on
data needs and to build capacity related to
vulnerability and adaptation components of
national communications.

5. Conclusions

There has been a tremendous amount of
work in assessing the impact of climate
variability and change on the various
sectors of the world (agriculture, economic
activity, energy, and health). The issue of
climate change is particularly important to
the people living in the dryland regions of
the world since they live in climates with
water as a major limiting factor.
Sustainable development is difficult in
these regions even without the threat of
climate change. Future climate change
projections of more frequent heat waves,
drought and heavy precipitation events will
cause additional stress on already fragile
water, soil and biodiversity resources.
Resources must be focused on trying to



reduce these stresses. In most developing
countries, climate is often seen as a lesser
priority compared to other current needs
and relatively few resources can be
allocated to climate activities at national
levels. WMO, in partnership with other
international and regional organizations,
can guide and improve the capabilities of
national institution frameworks for the
implementation of adaptation activities.
They can also be provided with appropriate
tools to develop climate models at smaller
scales, to suit national needs. Research
activities and systematic observations can
be promoted to overcome constraints on
data needs and to build capacity related to
vulnerability and adaptation component.
The climate system is so complex and the
scientific and computational requirements
for providing societal-beneficial regional
climate forecasts are so considerable that
the nations of the world need to cooperate
more closely with each other and share
resources in order to tackle this major
challenge.
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1. Strategic governmental perspectives on climate change/current and
future water and land use and human welfare

Ahmed A. Gowily
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Abstract

Dry areas by definition are very fragile
and highly vulnerable to environmental
changes. Climate change impact on dry
areas means higher temperatures,
changing rainfall patterns and rising sea
levels. These changes will have strong
impact on economic, social and political
dimensions of development in dry areas.
Generally speaking, expected impact of
climate change might be similar across
different regions of the world. Four types
of impacts could lead to social
destabilization and violence. These are:
(a) changing availability of freshwater
resources, (b) declining food production,
(c) worsening storm and flood disasters,
and (d) environmentally induced
migration. The climate change will
intensify poverty in dry areas, which will
require a strategy for alleviation. This
strategy will call for the short-, medium-
and long-term measures.

Introduction

Climate change has attracted great attention
in the Arab world and would be a theme for
discussion in future Arab summit because
of its negative impacts on the natural
resources and livelihoods of the people in
the dry areas in the Arab region. Climate
change is reflected in higher temperatures,
changing rainfall, increased disastrous
weather events, and rising sea levels. All
these impacts of climate change will lead to
instability in the existing systems, increase
human suffering, and will be an important
cause of increasing poverty.
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Dry lands are marginal and very fragile.
Poverty is, therefore, more common in the
dry lands, particularly in the rural areas.
Hence, the poor communities in the dry
areas will be most severely affected by the
impact of climate change. The governments
of the affected countries have, therefore, an
onerous task to reduce the vulnerability of
the poor to climate change.

Impact of climate change

The impact of climate change could be
outlined and examined around four main
areas: These are: (a) changing availability
of freshwater resources, (b) declining food
production, (c) worsening storm and flood
disasters, and (d) environmentally induced
migration.

Availability of freshwater resources

Freshwater is required for human use. At
present there are 1.1 million of people
having no access to safe drinking water.
The human demand for water is increasing
due to population growth and changing
living habits. Climate change will make it
more difficult to supply enough freshwater
for all use. In addition, there will be
shortage of water to generate hydro-electric
power. This situation makes it very difficult
for the government to meet such expanding
demand.

Food production and food security

In many developing countries, a
temperature rise of even 2° C above
baseline (39° C) will be enough to increase
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food insecurity. Land suitable for
agriculture would be lost as a result of
desertification, soil salinization and water
scarcity. This will increase the number of
rural poor. At present more than 850
million people worldwide are currently
malnourished. Food supplies will be also
affected by lower land productivity.

Storm and flood disasters

Storms and floods already account for
nearly 60% off all the damage caused by
natural catastrophes. Their frequency is
going to rise, as the rainfall would tend to
come in storms, although the total rainfall
will decline. Furthermore, because of
temperature rise, the sea levels will rise
bringing risk for many cities and industrial
regions in coastal areas. Because of the
intrusion of sea water, there will be
salinization of farm lands in the coastal
areas forcing the farmers to abandon those
lands.

Environmentally induced migration

Loss of land and property because of
natural disasters and loss of livelihood
because of the degradation and
desertification of land will force the
affected people to migrate. This
environmentally induced migration will
mostly occur within the national borders at
first but will eventually spread
internationally, mainly in the form of
south-south migration. This will cause
sociopolitical upheaval and will present
challenges for the governments to maintain
peace and security.

Strategic governmental perspectiveS

Because of climate change and its
consequences, the risk of destabilization
and violence will increase considerably in
many parts of the world. What is more,
there will be various interactions between
the four major impacts outlined above,
making it difficult to predict the course of
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development. The governmental
institutions are typically weak in these
countries, where economic performance is
poor while population is growing fast.

A strategy to counteract the negative
impact of climate change should be phased
ever time and must be in an integrated
fashion.

The international community should assist
the developing countries affected by
climate change in coping with the adverse
impacts. Developed countries have to limit
the greenhouse gas emissions and also to
implement the recommendations of the
Doha round of trade negotiations by cutting
on subsidies in order to facilitate market
access for exports. Also emergency relief
assistance will be needed in the face of
extreme weather events. The international
donor community should, therefore,
coordinate and fund efforts to rise to the
challenges of environmentally-induced
migration.

The government strategy should include:

1. Building up of relief food stocks;

2. Subsidizing services such as
transportation, health care, safe water,
and education; and

3. Supporting in the period of
adjustment to the new conditions.
Science and technological interventions
should be an important part of the
strategy to be adopted by the
governments to enable the people to
cope with climate change impacts. Some
of these are:

1. Development of early warning
systems;

2. Production of salt and drought
tolerant plant varieties using
conventional breeding as well as
biotechnology;

3. Development of techniques for more
efficient water management, water
harvesting, and water saving;



. Production of high yielding small
ruminants (goat and sheep) and
improving the management of
rangelands and pastures;

. Expansion and improvement of
agricultural marketing and promotion
of pilot processing plants to create
non-farm activities;

. Expansion of micro-lending
opportunities and availability of small
scale credit; and

. Continuous monitoring of the new
environment in order to design
effective programs for poverty
alleviation and effectively
disseminating the information.
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Building and strengthening rural
institutions such as micro-credit facility,
cooperatives, extension services, and rural
leadership should be given high priority to
enable the affected communities to help
themselves in the implementation of the
adaptive and ameliorative measures to cope
with climate change. Training and the use
of mass media are important elements for
increasing awareness of people of the new
environmental change and the possible
measures that would enhance their
resilience to cope with the climate change.
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Abstract

High prices in 2007-08 have attracted
attention to the food security crisis. The
number of undernourished in the world
has jumped from about 850 million in 2005
to some 925 million in 2007. The food crisis
is not a temporary phenomenon. The
number of undernourished in the world
was unacceptably high even before food
prices started rising. Looking forward,
global demand for agricultural products is
expected to continue increasing for two
main reasons. First, the rise in world
population together with accelerating
urbanization and improved incomes will
exert upwards pressure on food demand.
Second, biofuel production has nearly
tripled over the last five years and is
expected to continue increasing rapidly,
demanding more feedstock. Meeting the
increasing demand for food and for
biofuels will be a serious challenge for the
agriculture sector, which will be further
exacerbated by the impact of climate
change. There will thus be a need for a
guantum leap in agricultural investment
and a policy framework that encourages
agricultural production. Climate models
predict that water resources in the Middle
East will become even scarcer than they
are today. To deal with this important
long-term challenge, the Middle East and
North Africa region should consider
adopting policies to encourage efficient
agricultural production and optimize the
use of scarce water resources.
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Introduction

High prices in 2007-08 have attracted
attention to the food security crisis. The
number of undernourished in the world has

jumped from about 850 million in 2005 to
some 925 million (14% of humanity) in 2007,
and is likely to have increased further to
nearly one billion in 2008. The progress
towards achieving the millennium
development goal (MDG) of reducing the
proportion of hungry people by half was
occurring till 2005, but as the prices of grain
started rising after 2005, there was a reversal
in the trend, the percentage of hungry people
started going up. Clearly, there is no
indication that this MDG will be achievable,
although there had been some improvement
in Asia and Latin America, much less
improvement in Middle East and North
Africa and no improvement in sub-Saharan
Africa (Fig. 1).

Changes in numbers of undernourished by region
(selected periods)

1990-92 to
1995-97

|

20d— = |[mpact of high
prices (2007)

1995-97 to
2003-05

(millions of people)

change in undernourishment

T T

Latin Near East/ Sub-Saharan
America/  North Africa Africa
Caribbean

T
Asia/ Pacific

Figure 1. Changes in the number of
undernourished people in different regions
during two selected period and the number
impacted by high prices in 2007.
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The surveys conducted in several regions
showed that the poor people, were most
affected by the price rise and the rural poor
were as much affected as their urban
counterpart because most of the rural poor are
net buyers of food. Landless farmers were
particularly hard hit, as also the women.

The food crisis is not a temporary phenomenon.
The number of undernourished in the world
was unacceptably high even before food prices
started rising. However, there has been a
coincidence of rise in food prices, increase in
hungry people, and the production of biofuels.

Food prices, food security and biofuel
production

Production of biofuels has nearly tripled over
the last five years and is expected to continue
increasing rapidly, spurred by subsidies
(estimated at $11 billon in 2007) and other
support policies in developed countries. And,
if the expansion planned by the major
producing countries were to continue, the
production will triple again by 2017. This
trend is not driven by economic
considerations but by policy factors.

Several studies have been made over the last
six months to quantify the impact of biofuel

production on the food prices in the last two
years. The results have been highly variable,
giving a range in the increase

from 75% to 3%, depending on the approach
used (Table 1).

According to FAO, the most reliable
estimates for the increase in food prices over
last two years attributable to the production of
biofuels are between 20% and 40%.
Therefore, biofuels are a significant
contributor to the increase in food insecurity
in the world.

It is generally expected that when food prices
increase, there should be an increase in food
production because of price incentive to
farmers. Comparison of growth in food
production, from 2007 to 2008, between the
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developed and the developing countries
showed that it was about 9.7% in the
developed countries and only by 0.9% in the
developing countries. If the three countries,
Brazil, China and India were excluded from
the estimate for the developing countries, the
growth was negative (-1.5%). Perhaps, the
increase in input prices in contrast to the
output prices in the developing countries were
a major cause, although there might be
several other

factors such as infrastructure, technology,
water availability etc. contributed to a lack of
production response to increase in food prices

It is ironical that there are a billion hungry
people in the developing countries, while the
production is stagnating there.

Table 1. Estimate of the impact of biofuels on

the rise in food prices in the recent years

Source Estimate|Commodity Time period
\World Bank  [75%  |global food January 2002 —
(April 2008) index February 2008
IFPRI (May  [39 % corn 2000 — 2007
2008) 21-22 % [rice & wheat 2000 — 2007
OECD-FAO |42 % coarse grains 2008 — 2017
(May 2008) [34%  |vegetable oils  |2008 — 2017

24 %  |wheat 2008 — 2017
Collins (June |25-60 % [corn 2006 — 2008
2008) 19-26 % [US retail food [2006 — 2008

Glauber (June |23-31 % [commodities April 2007 — April
2008) 10%  |global food 2008
4-5%  |index April 2007 — April
US retail food 2008
January — April 2008
CEA (May 35 % corn March 2007 — March
2008) 3 % global food 2008
index March 2007 — March

2008

Impact of climate change

Climate change makes the things even worst.
The global climate models project that the
production of cereals as well as livestock in
the south is likely to decrease, while in the
north it might show some increase. Thus, the
production divide between the north and the
south will further increase. The dryland
countries of Middle East and North Africa are
going to have most drastic impact. The
climate change is going to exacerbate the




problems that the dryland countries are
already facing.

Way forward

Looking forward, global demand for
agricultural products is expected to continue
increasing f because of demographic reasons
and the possible competition offered by
biofuel production to food production.

In order to meet the increasing demand for
food and for biofuels, the 2007 World
Development Report estimates that global
grain production needs to double by 2030.
Meeting this challenge, while dealing with
the impact of climate change and protecting
the environment, will require a quantum
leap in agricultural investment and a policy
framework that encourages agricultural
production.

Nearly all studies on climate change predict
that water resources in the Middle East will
become even scarcer than they are today. To
deal with this important long-term challenge,
the region of Middle East should consider
adopting a three-pronged strategy:

1. Increase public investment in agriculture
particularly to improve infrastructure and
support research and extension.

2. Adopt policies to encourage efficient
agricultural production and optimize the
use of scarce water resources.

3. Enhance economic integration and
regional trade and encourage cross border
investment in neighboring countries that
have abundant land and water resources.
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Abstract

The World Bank’s World Development
Report 2008 on agriculture spells out the
far-reaching consequences climate
change can have on rural areas. These
consequences will affect the rural poor
disproportionately because they are
more dependent on agriculture and have
limited opportunities and resources to
adapt.The main pathway out of poverty
when using agriculture for development
is to improve the productivity,
profitability, and sustainability of
smallholder farming. This will also
enhance the resilience of rural poor and
increase their ability to adapt to climate
change. Long-term investments in soil
and water management are needed
especially with respect to subsistence
farming in remote and risky
environments. Global public goods,
including climate information and
forecasting, research, conservation and
development of crops must be adapted to
new weather patterns, and techniques to
reduce land degradation. The public
sector can, for example, facilitate
adaptation through research on and
dissemination of flood-, heat-, and
drought-resistant crops. New irrigation
schemes in dryland farming areas are
also likely to be particularly effective,
especially when combined with
complementary reforms and better
market access for high-value products.
Beyond the issue of climate change
adaptation, agriculture, as a major
source of greenhouse gas emissions, has
much untapped potential to reduce
emissions through reduced deforestation
and changes in land use and agricultural
practices.
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Introduction

The World Bank publishes its development
report, World Development Report (WDR),
every year dealing with different sectors
impacting development in different parts of
the world. It is seldom that it is devoted
only to one sector. The World
Development Report 2008 (World Bank
2007) makes an exception that it is devoted
only to agriculture, only second time in the
last 25 years, emphasizing the importance
of this sector in the livelihoods of the poor
and in taking them out of the poverty trap.
This paper will attempt to weave the
findings and analysis in that report for the
region of Near East and North Africa and
overlay that landscape on climate change
challenge and come out with a few
solutions to move forward. The arrival of
the World Development Report 2008 —
Agriculture for Development is very timely
in the wake of the global food-price crisis,
biofuel challenge, and the challenge of
climate change and hopefully its findings
and analysis will be helpful in thinking
through these issues.

Analytical framework used in the report

Just a few comments on how the analysis
was done in this report. The authors of the
report looked at different countries and
economies and grouped them according to
the poverty challenge on one hand and on
the place of agriculture in the macro-
economy of those countries on the other, to
identify their organizing principles and
typology for developing research-for-
development agenda for sustainable growth
and pathways out of poverty. They
identified that “agriculture operates in three
distinct worlds” as indicated below:



(a) Agriculture-based countries where the
face of poverty is very much rural and
economy is very much based on
agriculture; e.g. sub-Saharan Africa.

(b)Urbanized countries where there is high
degree of urbanization and the poverty
in also more in the urban than rural areas
and the share of economy driven by
agriculture is lesser; e.g. countries in
Latin America and some parts of Asia.

(c) The transforming countries where this is
still lot of rural poverty and vulnerability
prevailing, while economy is already
being driven by other sectors and the
urbanization is ongoing, and the income
divide between urban and rural parts is
increasing; e.g. most of countries in
South and East Asia, and the Middle
East and North Africa (MENA).

Findings and analysis for the Middle
East and North Africa region

Some 92% of the population of the region
is in the transforming countries, where
agriculture is no longer a major source of
income growth. There is rapidly rising
rural-urban income disparity and
continuing extreme rural poverty, a source
of socio-political tension in the region and
the governments are very conscious of this.
There are pockets of lagging regions, e.g.
the Upper Egypt, North East Syria, and
Moroccan hinterlands. On the positive side,
they are in the proximity of a very lucrative
large market in the European Union. But
that is rather difficult to enter into, although
there is great potential. Agriculture in the
countries where there is political conflict is
a fall back livelihood for the people and a
safety net for them in this region.

There is overloading of the land and water
resources in the region. The MENA region
is experiencing the fragmentation of land,
e.g. more than 95% of land holdings in
Egypt are <2 ha, whereas is Latin
America, Europe and Central Asia there is
so much exodus from agriculture that the
size of land holding is increasing. There is,
therefore, a definite constraint on
agriculture production in the region.
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If one looks at the population or
community in the rural areas, there is a
‘micro-holder’ majority operating on a very
small asset base and with very limited
access to services, often excluded from
political agenda or influencing it, with very
limited education (e.g. in Tunisia 90% of
farmers received only primary education),
thus remaining outside of the mean stream
of the society. The population in aging and
in many countries the male farmers are
either <24 years or >55 years of age. The
people in the middle age group would look
for gainful employment outside agriculture.
Thus, the graying of agriculture is
occurring. In many cases, there is also the
faminization of agriculture and the women
are leading the household and agriculture
production. They often face more extreme
vulnerability because of limited access to
assets, production services and health care.
Clearly, there is a target group that has to
be kept in mind in agriculture research and
development (ARD) agenda.

Water availability is a very serious resource
constraint in the region. There is already
population in the region experiencing
absolute water scarcity. Farming is the
major user of this resource. If one were to
go towards more diversified high value
agriculture the value generated per unit of
water use would increase. There was one of
the analytical outcomes of the work that
would help guide the policy in the region.
Proper water management is also an issue.
Improper management is leading to water
logging and salinization of the area,
causing damage to the precious resource of
land.

Moving to the ‘lagging’ areas, more than
half of the rural population here lives in
less favorable areas, based on agro-
ecological potential and market access. In
terms of agro-ecological consideration the
MENA region is very seriously constrained
because most of the rural poor live in the
arid and semiarid areas. In terms of
market, although they are better off than
some other countries, there are quite a few
communities that are more than 5 hours
away from market for disposing their
products or for getting inputs for



agriculture. This isolation is therefore a
major constraint to production, and is an
issue. Many of the communities in the
lagging areas in these countries are similar
in these aspects to the agriculture-based
countries and will therefore be benefited by
the solutions that would be applicable to
the agriculture-based countries, and
agriculture and agriculture-based
households will be the drivers of their
economy and pathways out of poverty.

On high value agriculture, there is quite a
bit of potential to invest more in high-value
crops to diversify agriculture to access the
Gulf region and the European Union
markets. It was a bit of a surprise to find in
the report that in the production of faba
beans (Vicia faba) that are exported from
Syria only 5000 farmers were engaged out
of the 15 million that are there. Similar is
the issue with the orange production in
Tunisia. So, very small population of
farmers exports the high value
commaodities. The challenge of linking the
small holders to these high-value chains is
an important issue to think about in order to
improve their income and at the same time
conserve their resources.

In summary, for dealing with the rural
poverty itself in the MENA region, there is
a need to support the role of agriculture as a
source of jobs and safety-nets and also a
need to look into how to target the most
vulnerable population in these areas. IFAD
has good experience in finding targets and
developing instruments to deal with the
most vulnerable, as mentioned by Kanayo
et al. (this volume).The quality-oriented
supply-chains for high value market,
integrating those chains, building capacity
and innovation in all of these, bringing
market intelligence to look for
opportunities and working towards
functioning of those chains, enabled by
public rural infrastructure (roads, markets,
IT backbones, etc.), the public sector
investment to enable the high- value chain
to operate, are key elements in the pathway
out of poverty. Training programs are
needed for the youth; when they leave
agriculture sector and go to the urban areas,
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they would have skills to sell or they could
go to value addition associated with
agriculture production. These are the
main messages from the World
Development Report 2008 regarding the
MENA region.

Meeting the climate change challenge

Now, we can overlay the above mentioned
landscape over the climate change
challenge with respect to the MENA
region. It is clear from the reports of the
IPCC (2007a, b) that the MENA region is
very prominent amongst the hotspots that
will be most affected by the climate
change. There are three major challenges in
the region, and particularly here in Egypt:
(@) The potential rise of sea level
submerging the land in the coastal areas,
and the intrusion of sea water in the
agricultural fields damaging their
productivity; (b) the change in the flow-
volume of the Nile river, with very large
watershed of the White Nile and the Blue
Nile, and its effect on ground water
resource; and (c) the frequency and onset of
drought.

All these will have an impact on agriculture
in Egypt and in the region. It is to be
remembered that the human health agenda
is very much linked to the agriculture
production agenda. Water and sanitary
constraints, associated with water shortage
caused by frequent persistent drought
events, would lead to a whole new
dynamics of epidemics of infectious
diseases and availability of fresh water.
Immaterial how much good food might
there be, the lack of good health would not
permit its good absorption and that will be
an issue for nutrition. In terms of research
challenges, therefore, one of the gaps is
probably this health and agriculture poverty
nexus, which the research community will
have to pay attention to.

In summary we find that in MENA region,
especially Egypt, the whole issue of
research in understanding this dynamics
from biophysical point of view, from
agriculture production point of view, and
socioeconomic point of view will be very
important. The World Bank, in



collaboration with FAO, has just
completed the first phase of a study in
Morocco, taking the IPCC scenarios and
downscaling them to the agro-ecological
zones in that country, trying to look into
high resolution scenes in terms of what
measures to engage in to improve the
situation at the more micro- climate levels.
This is something that will have to be
repeated at other places in the region. The
capacity for that type of monitoring and
forecasting and the regional collaboration
for that would be essential.

Water-saving polices and technologies will
be needed. There is quite a bit of scope
there to improve the water use efficiency.

The public sector research and the
CGIAR’s strategic upstream research to
find solutions for drought tolerance and
also working together with the private
sector to make their innovations available
for use in the developing countries will be
very important.

Local institutions have an important role to
play in enhancing the capacity and
resilience of poor communities to cope with
the impact of climate change. Recognizing
this, the colleagues in concerned groups in
the World Bank are working to explore the
local institutions center their capacity to
respond to the challenges that they already
face in agriculture production and rural
development. But the work also involves
predicting as to how much capacity is there
in a particle local institution to serve the
communities when there is more need for
adaptation to climate change.

Based on this work, we have come up with
five different strategies for the communities
and the household to respond:

e Mobility - to move away from
agriculture to another livelihood, if there
is an opportunity for that;

e Storage - to spread risk over time

e Diversify the production;

e Communal pooling; and Market
exchange- seeking markets from where
one could drive income and manage
risks better.
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The aim is to look at risk, catalogue and to
support solutions that are proactive
measures in these institutions to cope with
the adaptation challenge, not just react
when hazards strike or conditions worsen.
The institutions will have to have capacity,
partnership, and coordination all the way
from the local to central and international
level. One of the interests is to see how the
World Bank’s experience in the territorial
development or area-based development
could be linked to adaptation of those local
institutions.

The bank is financing several Egyptian
government projects designed with
Egyptian colleagues:

e The Upper Egypt Integrated
Governorates Development Project:

It looks at these challenges of
agriculture in the vulnerable populations
- prime example of the WDR’s focus on
the production, processing, and
marketing of non-traditional, high value
crops and livestock products, targeting
both agriculture and related nonfarm
rural enterprises

e The Avian Influenza Preparedness
and Poultry Reconstruction Project:
Emphasis is placed on disease control
and management capacity, surveillance
and diagnostic capacity, and a review of
the legal and regulatory framework of
Egypt’s veterinary services. The project
exemplifies the WDR’s call for “better
coordination of the agriculture and
health agendas to yield big dividends for
productivity and welfare of the poor”.

e The Sohag Rural Development
Project: Another project in Upper
Egypt, focusing on access to credit by
the rural poor, unemployed youth, and
women, and developing capacity among
communities and local government
institutions to prepare to decentralize
service delivery.

e The East Delta Agricultural Services
Project: It is supporting services to
facilitate the settlement and increased
agricultural production of some 26,000
low income families on 130,000 feddans
of reclaimed lands in the East Delta.



Our work in Egypt is therefore taking steps
to understand the situation and how to
move forward. Lot more needs to be done
by the Bank for mainstreaming and climate
proofing of our interventions — from
biophysical understanding (e.g. GIS based
modeling) all the way to local institutions,
working with our partners in Egypt.

Conclusions

The main take-away messages from the

above are:

e Rural economic growth based on
agricultural livelihood is one way to
mitigate the income disparity that is
already there; but this cannot be done by
agriculture alone. It will also require
faster non-agriculture rural livelihoods
and economic growth. Realizing the
poverty-reducing potential of
agriculture, it requires institutional
innovations, e.g. high value agriculture,
the producers’ organizations and their
linkage to high value chains and job
creation and skill enhancement.

e Environment and climate change agenda
needs to be mainstreamed into our
agriculture-for-development agenda and
also in the agenda of the countries in this
region and elsewhere.

e Successful implementation requires
explicit recognition of the political
economy and the forces that are there; a
state that is focused on facilitation,
regulation and public good provisions to
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enable the private players — farmers,
entrepreneurs, etc. to do their part in this
mix.

The World Bank, as a member in the
development community, is very much
committed to support research to cope with
climate change challenges and also
development efforts to climate proof the
intervention, that we are developing and
dialoguing with our partners.
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Abstract

The climate change will enforce growers
to adopt new cropping patterns,
technologies, and possibly marketing.
The ultimate objective of Agriculture
Knowledge, Science and Technology
(AKST) activities is to come up with
research results that would further
advance research in that areas, and
engender technologies that AKST
stakeholders can use to address the
problems arising from climate change,
increase agricultural production, and
conserve the environment. The AKST
activities, in developing countries, face
challenges related to sharing, exchanging
and disseminating knowledge and
technologies generated which are most
needed by growers, extension workers,
researchers and decision makers. Itis
urgent to exploit all means to meet these
challenges and the emergence of
Information and Communication
Technologies (ICT) in the last decade has
opened new avenues in knowledge
management that could play important
roles in meeting these challenges. There
are many existing information
technologies that can be used for
knowledge management: database
management system, multimedia
information systems, geographic
information systems (GIS), decision
support system including simulation and
modeling, expert systems, and Internet
and Web technology. This presents the
experience of the Egyptian Ministry of
Agriculture and Land Reclamation in
using ICT as an appropriate technology
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for speeding up development in the
agricultural sector since the establish-
ment of the Central Laboratory for
Agricultural Expert Systems (CLAES) in
the Agricultural Research Center (ARC).

Introduction

The emergence of Information and
Communication Technologies (ICT) in the
last decade has opened new avenues in
knowledge management that could play
important roles in meeting the prevailing
challenges relating to ICT and knowledge
management. ICT allows capitalizing to a
greater extent on the wealth of information
and knowledge available for Agriculture
Knowledge, Science and Technology
(AKST). The ultimate objectives of AKST
activities are to come up with results that
can contribute to further advancement of
that research and enable AKST stakeholders
to get information that they can use to
increase agricultural production while
conserving the environment.

AKST activities, in developing countries,
face challenges related to sharing,
exchanging and disseminating the generated
knowledge and technologies that are most
needed by growers, extension workers,
researchers and decision makers. The text
that follows, describes these challenges,
indicates how ICT could play arole in
addressing them, and presents briefly the
efforts made in using ICT for this purpose
in the Central and West Asia and North
Africa (CWANA) region.
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Challenges in sharing, exchanging and
disseminating knowledge and
technologies

The first challenge is the poor mechanisms
and infrastructure for sharing and
exchanging agriculture knowledge
generated from research at national and
regional levels. Many research activities are
repeated due to the lack of such mechanisms
and infrastructure at the national level.
Researchers can find research papers
published in international journals and
conferences more easily than finding
research papers published nationally in local
journals, conferences, theses and technical
reports.

The second challenge is the inefficient
mechanisms and infrastructure for
transferring technologies produced as a
result of research to growers either directly
or through intermediaries (e.g. extension
system). Knowledge and technologies
fostering agricultural production and
environment conservation are examples.
Although many extension documents are
produced by national agriculture research
and extension systems to inform growers
about the latest recommendations
concerning different agricultural practices,
these documents are not disseminated,
updated or managed to respond to the needs
of extension workers, advisers and farmers.
This is also true for technical reports, books
and research papers related to agriculture
production.

The third challenge is keeping the
indigenous knowledge as a heritage for new
generations. The traditional knowledge is
available through experienced growers and
specialists in different commodities. They
embody a wealth of knowledge that

researchers need to examine thoroughly in
devising sustainable solutions. However,
they are rarely documented.

The forth challenge is the access of
economic and social knowledge to different
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stakeholders at operational, management
and decision-making levels, to enable them
to make appropriate decisions regarding the
potential value of certain technologies and
their effect on resource-poor farmers.

Role of ICT in agriculture knowledge
management

Knowledge sharing, exchange and
dissemination are elements within the
broader theme of Knowledge Management
(KM). The central purpose of KM is to
transform information and intellectual assets
into enduring value (Metcalfe 2005). The
basic idea is to strengthen, improve and
propel an organization by using the wealth
of information and knowledge that the
organization and its members collectively
possess (Milton 2003). It has been pointed
out that a large part of knowledge is not
explicit but tacit (Schreiber et al. 1999).
This is true also for knowledge in
agricultural science and technology where a
lot of good practices are transferred without
being well documented in books, papers or
extension documents. To manage the
knowledge properly, ICT is needed.

In effect, there are many information
technologies that can be used for knowledge
management. The technologies available
and their role in agriculture knowledge
management are given below.

Database management system: It is the
core of information and knowledge
management. This technology can be used
in different applications as given below:

e Building a national agriculture research
information system (NARIS) that
includes research outcomes, projects,
institutions and researchers in the
country, and a regional research
information system that works as a

portal for all the NARIS. The example is the
NARIS developed at the Agriculture
Research Center in Egypt (ARC 2007).

e Developing an information system of
indigenous agricultural practices to



enable researchers to examine this
knowledge and decide on its usefulness
for sustainable development. Such a
system will also keep this knowledge for
future generations preventing its
disappearance as a result of new
advanced technologies.

e Developing an information system to
record matured technologies, that on a
trial basis have proven successful, and
success stories that have contributed to
economic growth. This will strengthen
the interaction between inventors and
innovators and will lead to an
innovation-driven economic growth
paradigm.

Multimedia information systems: These
are needed to store and retrieve images
confirming the occurrence of certain
diseases and disorders in plants and animals,
and videotapes and audiotapes describing
how to control them. These can also
illustrate how best different agricultural
operations could be performed under
different agro-ecological conditions and
variable environments.

Geographic information systems (GIS):
These are needed to store databases about
natural resources with a graphical user
interface that enables users to access these
data easily using geographical maps.

Decision support system techniques:
These are needed for many applications
such as:

e Simulating and modeling methods can
be used to build computer systems that
can model and simulate the effect of
different agricultural production policies
on the economy and the environment to
help in decision making.

e Expert systems technology to help users
in improving their skills in crop and
livestock management and tracking their
effect on conserving natural resources
(Rafea 1999). This technology may also
be appropriate for keeping indigenous
knowledge (Rafea 1995, 1998, 2000).
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Modern ICT: Internet and Web technology
are excellent source of global knowledge of
technical information that is amicable to up-
or out-scaling. There is a need to make
these systems available regionally and
globally. Accessing the Internet will bring a
wealth of information to all agriculture
stakeholders in rural areas and will help in
overcoming the digital divide. As most
farmers in CWANA have no hands-on
experience or access to digital networks,
leaders of national agricultural research and
extension systems should be encouraged to
consider the ICT option. Training farmers
and extension workers, including women, in
ICT will help them access a lot of useful
information if each country tries to develop
contents in the local language.

Use of ICT in CWANA region

In 1987, officials at the Egyptian Ministry
of Agriculture and Land Reclamation
(MALR) recognized the ‘Expert Systems’
were an appropriate technology for speeding
up the development in the agricultural
sector. To realize this technology, MALR
initiated in 1989 the project on Expert
Systems for Improved Crop Management
(ESICM), in collaboration with the Food
and Agriculture Organization of the United
Nations (FAQ) and the United Nations
Development Program (UNDP). The project
began in mid-1989 and the Central
Laboratory for Agricultural Expert Systems
(CLAES) that implemented the project,
eventually joined the Agricultural Research
Center (ARC) in 1991. Through the
development, implementation and
evaluation of knowledge-based decision
support systems, CLAES is helping farmers
throughout Egypt to optimize the use of
resources and maximize food production.

A dozen different Expert Systems have been
developed for horticulture and field crop
management.

In 2000, the Technical Cooperation
Program (TCP) of FAO funded the project
on ‘Virtual Extension and Research



Communication Network’ (VERCON) to
develop a Web-based information system to
strengthen the link between research and
extension (CLAES 2002; FAO 2003). This
network has been extended to include other
stakeholders and services through a project
funded by Italian Debt Swap Program and
executed by FAO in collaboration with
CLAES (CLAES 2008). Several expert
systems have been made available on this
network in addition to other modules. Two
Expert Systems on the diagnosis of the
sheep and goat (CLAES 2006a) and bovines
(CLAES 2006b) are now available on the
CLAES Web site.

In collaboration with ICARDA, CLAES has
developed three regional Expert Systems for
wheat (CLAES 2006c¢), faba bean (CLAES
2006d) and barley (ICARDA 2006).

CLAES has also developed the National
Agricultural Research Management
Information System (NARIMS) through a
project funded by FAO/TCP. This system
has five modules: Institutes Information
System, Researchers Information Systems,
Projects Information Systems, Publication
Information System, and National Research
Program Information System (CLAES
2007). The system is of great value to
researchers, extension worker and policy
makers.

Role of ICT in coping with challenges of
climate change

Using the efficient tools to manage
information in any domain is very important
in general, but when there is a pressing need
to share, exchange and disseminate
knowledge, using efficient tools is of
paramount importance. Climate change is
likely to bring new challenges to
agricultural production in the developing
countries, particularly in the dry areas where
the environment is fragile and sustainable
agricultural production a daunting task.
There will be change in growing period,
water availability will become scarcer, new
pest and disease problems will emerge and
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higher agricultural production on limited
land area will have to be produced to keep
with the demand of food, feed and fuel. As
there will be need for new knowledge by
growers and other stakeholders, the
researchers will respond to this challenge
and generate new information that will
enable the farmers to cope with these
changed conditions. New information
technology ranging from simple data base to
complex advanced information technology
such as the Atrtificial Intelligence, as
described above, would enable faster
dissemination of information to the farmers
in the dry areas and help them in adopting
appropriate remedial and mitigation
strategies including the use of new cropping
patterns and production technologies, and
exploring new markets to cope with climate
change.
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Abstract

There is a general agreement that the
climate change is happening and it is
going to have serious implications for the
Earth’s diverse flora and fauna
(including the marine and inland
fisheries). There is a need for developing
more precise assessment of the impact of
climate change on the ecosystem at the
national and regional levels, where the
major action for adaptation and
mitigation would have to occur. Itis
anticipated that the impact of climate
change would cut across all boundaries.
Crops, cropping systems, rotations, and
biota will undergo transformation, and,
to maintain the balance in the system,
there will be a need for new knowledge
and policy and institutional changes. The
marginalized people in the dry areas are
likely to be most seriously hit by the
shifts in moisture and temperature
regimes as a result of the global climate
change. In order to help them cope with
the challenges there will be a need for a
new paradigm in agricultural research
and technology transfer that makes full
use of modern science and technology as
well as the traditional knowledge. This
would necessitate more investment by
national governments and international
agencies for supporting the relevant
integrated research and development
efforts, with full participation of the
target communities. Only such an
approach can enable the vulnerable
communities of the dryland areas to use
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the natural resources in a sustainable
manner and thus help protect the
environment for present and future
generations.

Introduction

The planet Earth, on which we live in
communities, is being increasingly
‘ruptured’ because of human activities. Its
carrying capacity is under great stress
because of demographic pressures. The
pressure is specially affecting the people
living in the dry areas because of the
marginal and fragile nature of the resources
they have access to. There are over 2000
million hectares of land that have been
pushed to degradation, loss of
agrobiodiversity, increased water scarcity,
and increased natural resource destruction.
While this has been happening all the time,
there is something else that is also
happening, as a result of accumulated effect
of what we have been doing over centuries
to this planet. The neglectful and exploitive
use of the natural resources has set the train
of global climate change in motion.

Climate change and its impact

The planet is literally on ‘fire’. The increase
in global temperature is evident (Fig. 1).
The reports of the Intergovernmental Panel
on Climate Change (IPCC) clearly indicate
that the temperature has increased and it is
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Figure 1. Projected increase in global
temperature to 2100 under different cenarios
of climate change.

going to continue increasing in the future
and faster unless measures are taken (IPCC
2001). What was projected to happen by
2100 is going to happen earlier than
expected. Glaciers are melting away and ice
disappearing, giving a warning of what
might come in the future.

There is going to be a change in the
precipitation. The areas which are wet are
likely to become wetter and the dry areas
are going to become drier. The water
scarcity is therefore going to increase in the
dry areas (Fig. 2). The water poverty
indicators show that the maximum decrease
IS going to occur in the West Asia and
North Africa (WANA) region.

Relative water scarcity projections to 2025

y 8

Water Scarcity {’:‘E
«®

! Group 1 (mainly West Asia and North Africa)
Group 2 (mainly Sub-Saharan Africa)

Figure 2. Water scarcity projection to 2025
in different regions of the world.
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In addition to this, there is going to be a rise
in sea water level (Fig. 3), which would
have grave implications for countries whose
lands are at elevations close to the sea level.
For example, in Egypt nearly 1800 km?
land area in the north coast and Nile delta
will be under sea water if there was a rise of
50 cm in the sea level, affecting 3.8 million
people. Many of the old deltas, where
agriculture first started on the earth, are
amongst those that are most threatened by
sea water rise. Not only there will be loss of
land and its productivity, but also the
people living there will have to migrate out
to safer lands, adding to social and
economical problems there. Tension would
increase between communities and even
wars might erupt, as has been happening
between the people who have historically
depended on rangelands and those who
have been practicing settled agriculture. As
many of the countries where some of the
migrants might arrive are likely to be the
economically advanced countries, they
might face social and political upheavals
and political tension between the nations
might grow.

Frequency of flooding and hurricanes will
increase causing large damage to life and
property with enormous costs to the
nations.
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The climate change will also affect
aquaculture, which is the fastest growing
food production sector in the world and is
good source of revenue to the people,
particularly the poor communities.

According to the World Fish Center, the
rise in the temperature of inland water may
reduce the wild fish stock by harming water
quality, worsening dry season mortality,
bringing predators and new pathogens, and
changing the abundance of food available
(WorldFish Center 2009). The marine
fishery will also be affected because of the
change in the coastal system. The rise in
temperature and tidal waves, and changes in
ocean currents and CO, concentration,
because of climate change, will be the
cause. There will, thus, be a need for
developing a responsible aquaculture
system based on the wider ecosystem
approach of shared natural resources, in
partnership with other sectors including the
nature conservation. There will also be a
need for ecosystem-based policies, plans
and projects for aquaculture to cope with
the climate change.

There is compelling evidence, as presented
in the IPCC reports, that the climate change
will affect seriously the sustainable
development challenges that we face not
only in environmental issues but in other
areas as well. The climate change is not
going to be selective to a country; but the
fact remains that the developing countries
are going to suffer the most, especially the
poor countries. The climate change will
undermine the ability of the developing
countries to attain the millennium
development goals and achieve sustainable
development.

With all these negative impacts of climate
change, brought about by excessive
pressure of human activity on natural
resources and environment, the question
arises as to whether the situation is really as
grim and would the world be able to
survive. The pessimists hold the view that
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the future of the world is under great risk
because of the constraints on natural
resources and degradation of environment.
The optimists, on the other hand, opine that
human ingenuity would always find ways
or develop substitutes to deal with the
scarcity of natural resources. The later
strongly believe in human resilience.

Enhancing the human resilience to cope
with impacts of climate challenge

Let us examine the complexity that we face
and glimpses of hope to tackle them.

The climate change is going to have drastic
impact on dryland ecosystems and the
people living there. All the climate models
used by the IPCC suggest that the dry areas
will become drier and more water stressed
(IPCC 2001; 2007). With environment
becoming drier and soil getting further
degraded and eroded, desertification will
become irreversible.

The desertification and climate change will
greatly impact plant biodiversity.
Traditionally, the genebanks in different
institutions have collected, evaluated, and
conserved germplasm of different plant
species under short and long term storage
conditions. With the initiative of the
Scandinavian countries and the Global
Gene Fund, the conservation efforts have
moved further to store germplasm in the
facilities created in the arctic permafrost.
The idea is to have valuable and diverse
genes of important species conserved for
posterity and to provide resources for
developing cultivars that might adapt to
new eco-environments. Adaptation to the
changed climate would necessitate that.

The dryland areas (Fig. 4) are home to over
two billion people, accounting for 35% of
world population. Some 55% of the dryland
inhabitants live in rural areas. More than
90% of the dryland inhabitants are in the
developing world. Approximately half of all
the poor people in the world live in the dry
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Figure 4: Dryland areas of the world (Source: Millenium Ecosystem Assessment).

areas. The drylands have the highest
population growth rates. These statistics
highlight the importance of dry areas in the
global community. One may ask as to why
the climate change is of specific
significance to the dryland areas. There are
several factors. Most dryland ecosystems
are already affected by increasing resource
demands and unsustainable management
practices and human-induced climate
change adds an important new stress. Most
dryland systems are sensitive to both
magnitude and rate of climate change. And
the vulnerability of the people living in the
dry areas is going to increase if their
adaptive capacity is not improved.

The direct effects of the climate change will
be through changes in temperature, rainfall,
length of growing season and timing of
extreme and critical threshold events
relative to crop development. In the
drylands of tropics and subtropics, where
the crops are near their maximum
temperature tolerance level, the yield will
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decline. In the region where there is
likelihood of decreased rainfall, the
agricultural productivity will be seriously
impaired.

Drought is a recurring feature of drylands
and climate change will further exacerbate
the frequency and magnitude of drought in
some places. In the arid and semi-arid
regions people derive their water resources
from single point systems such as boreholes
or isolated reservoirs. If the primary supply
fails these systems are vulnerable. The
impact will depend on the baseline
conditions of the water supply system, but
also on population growth, changes in
demand, technology available, and socio-
economic and legislative conditions.

The dry areas are highly variable spatially.
Global modeling of climate change can only
provide information in general terms
because their resolution is too course to
capture regional and local climate
processes. To develop strategies that can
enhance the resilience of different



communities in the dry areas there is a need
to go further down in the assessment
exercise from the global to the continental,
to the regional, to the national, and, finally,
to the local levels, looking at mitigation and
adaptation strategies. This is because the
global assessment masks the regional
difference, regional assessment masks the
sub-regional differences, and national
assessment masks the local differences in
ecologies. Thus, navigation across scales is
essential for making progress towards
sustainable development, and the task of
assessment at lower levels should not be
delayed, if the resilience of the affected
communities is to be promptly and cost
effectively enhanced.

Enhancing the resilience of communities to
cope with climate change would require a
series of steps:

1. Run an awareness campaign for the
need for resilience;

2. Study the strategies for enhancing
resilience;

3. Develop goals and plans of action;

4. Implement; and

5. Measure progress and identify lessons
learnt.

The work done in the CGIAR system
(http://www.icarda.cgiar.org/) over a decade
has enabled the development of the concept
of the Integrated Natural Resources
Management (INRM), which is essential for
the improvement of the livelihoods of the
people and communities. It is an approach
to research that aims at improving
livelihoods, agro-ecosystem resilience,
agricultural productivity and environmental
services. It, thus, aims to augment social,
physical, human, natural and financial
capital by helping solve complex practical
problems affecting natural resources in
agro-ecosystems. Its strategy involves: (a)
empowering relevant stakeholders; (b)
resolving conflicting interests of the
stakeholders in the community; (c) fostering
adaptive management capacity; (d) focusing
on key causal elements to deal with
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complexity; (e) integrating levels of
analysis; (f) merging disciplinary
perspectives; (g) making use of wide range
of technologies; (h) guiding research on
component technologies; and (i) generating
policy, technological and institutional
alternatives. The INRM ‘tool box’
comprises ‘diagnostic tools’, ‘tools for
problem-solving and capitalizing on opport-
unities’, and ‘process tools’. A very
important item of the diagnostic tools is the
use of the ‘integrated research sites,” which
enable up-scaling in the similar
environments through the application of
GIS, and out-scaling to different
environments with the application of GIS
and bio-economic modeling. Therefore, the
returns on investment made in the research
process are greatly enhanced. Excellent
examples of the application of the concepts
of INRM in the dry areas can be found in
ICARDA’s research in its Mashreq and
Maghreb (M&M) Project in eight countries
in WANA, and the research at the Khanaser
Integrated Research Site in the north-eastern
dry zone in Syria
(http:/Amwwv.icarda.cgiar.org/INRMsite/index.him).

As indicated before, the frequency and
severity of drought events is predicted to
increase in the dry areas as a result of the
climate change. An important component
of the strategy for enhancing the resilience
of the people in the dry areas to cope with
this challenge is development of early
warning system for drought. The World
Meteorological Organization (WMO) is
working on this. Coupled models and high
resolution regional models are being used to
develop climate outlooks at multi-seasonal
and inter-annual scales (see Jarraud in this
volume). Reliable forecasts can help
communities to resort to different coping
strategies, including avoidance. There is a
need to build the capacity of the people to
take adaptive and, if necessary, ameliorative
measures, so that they could benefit from
the early warning system. Chinese scientists
have made good progress in this regard and
they have been able to prevent land
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degradation in some parts and recover
degraded lands in other areas through
appropriate policy, institutions and capacity
building of the stakeholders to take
appropriate measures.

Some policy responses to climate change
challenge to agrarian societies in the dry
areas

As mentioned before, the population growth
rates in the drylands have been high and
poverty is widespread. The policy response
here will be for greater regional cooperation
to scale up successful initiatives in the
drylands to curb population growth and
improve livelihoods.

The areas in Sahel, the Mediterranean,
southern Africa and parts of southern Asia
are becoming drier adding challenge to the
livelihoods of the people. There is an urgent
need for support to the governments of the
developing countries in the dry regions to
engage effectively with the climate change
negotiation process and have access to
resources for adaptive and amelioration
measures.

The ecological indicators in the drylands,
such as soil formation process, soil fertility
status, and water resources availability and
distribution, and environmental pollution,
are already showing negative trends and
they will be further challenged by climate
change. There is, therefore, a need to focus
on water resources and river basin
management, at the regional, national and
local levels, to reduce flooding risks and
capture rainfall for agriculture and
ecosystem use.

Climate change will increase the likelihood
of disasters caused by storms, floods and
drought, displacing large number of people
who should find new homes. Response to
this will require to main stream climate
change in plans and strategies at national
and local (district) levels and at the sectoral
levels, such as water resources management,
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agriculture and livestock management, etc.
As the differentiated effects of climate
change impacts and inequitable distribution
of the adaptive capacity to climate change
are poorly understood, action research is
required to counteract socioeconomic
processes of differentiation. Successful
community-based initiatives for enhancing
resilience to variable climate by the poorest
have to be scaled out.

As the poor climate observation data make
climate forecasting by down-scaling from
the global models very problematic,
effective public information campaigns will
have to be organized in different regions
and districts to help people understand and
respond to climate change.

The agrarian populations in the dryland
regions are already affected by non-climatic
stresses, which will strongly interact with
the climate change effects. Hence, there will
be a need to scale up community-based
adaptation with poor and vulnerable
communities, in urban and rural areas, to
ensure rapid documentation and replication
of these activities.

Pastoral groups that manage significant
proportion of national livestock wealth are
particularly vulnerable to climate change in
the dry areas. Therefore, existing land
tenure arrangements and services will come
under increased pressure exacerbating
tensions between communities and fueling
conflicts. Policies will be needed to enable
herd mobility while securing rights to key
resources such as dry season pastures and
water. Robust conflict management
institutions will have to be in place.
Effective drought mitigation systems,
including early warning, insurance, and
safety nets, will be needed to protect assets,
and thus livelihood. The pastoral groups
will have to be strongly engaged in the
policy issues directly affecting their lives.
Combination of large scale migration,
impoverishment and people seeking new
lands has potential to lead to significant



conflicts and raises security issues.
Therefore regional and national initiatives to
improve governance will have to take into
account climate change effects and to factor
in ways to address these through formal and
informal institutions.

Role of science and technology

It is clear from the above that the drylands
face a massive challenge because of climate
change. What could science and technology
do to improve the capacity of the dryland
inhabitants to cope with it? Science and
technology can certainly make a huge
difference, particularly with the recent
availability of new tools and technologies.
The new tools, amongst others, include GIS
and remote sensing, simulation modeling,
biotechnology/genetic engineering,
advanced artificial intelligence, techniques
to harvest renewable energy (solar, wind,
second and third generation biofuels), new
energy-saving techniques to desalinize sea
water and transporting it, and
nanotechnology.

Taking just one example, that of
nanotechnology, one can see the potential
offered by new technologies.
Nanotechnology can have wide applications
in agriculture, opening enormous new
opportunities (www.sprayforlife.com),
BASF, The Chemical Company). These
include fabrication of nano-sensors for
protecting food and its quality in storage
from pathogens, pests and elements,
producing food additives to add value and
enhancing food security, identification and
control of insect pests and pathogens
(whose incidence and diversity is going to
increase because of climate change),
purification of waters polluted by microbes,
pesticides and fertilizer nutrients, new tools
for molecular and cell biology, including
more efficient techniques for gene delivery
for genetic engineering, and molecular
machines and devices. Control for such
diseases as avian flu can be effectively
achieved using nano-selenium and use of
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nono-feed for chicken could replace the use
of antibiotics. Use of nanotechnology has
also been experimented by Norwegian
scientists to stabilize sand dunes. The
nanotechnology is already picking up the
pace in different parts of the world,
including some developing countries.
Nanoceuticals are already being marketed.
For example Nano-Synergy Energy
Booster- ‘Spray for Life’- with calcium and
vitamin B-complex, and ‘Lyco-O-Mato’ for
high lycopene in tomatoes are available for
general use. Thus, use of nanotechnology in
agriculture has begun and will continue, to
usher new revolution with significant effect
on different areas of agriculture and food
industry. This would certainly help
scientists and engineers to design measures
for enhancing resilience of the people to
cope with the adverse effects of climate
change.

The way forward

In the light of what has been presented
above, the way forward for enhancing the
resilience of dry area inhabitants to cope
with the challenges of climate change has
several essential elements. These include:
1. Better assessment of climate change
scenarios, by doing assessment at the
regional and national /local levels to
navigate through and across scales.

2. Rapid transition to inter-sectoral thinking,
institution building, planning and policy
making for responsible and sustainable
agriculture, including aquaculture and
fishery.

3. Coping with uncertainty, recognizing that
there will be shifting of baseline as
further assessment of climate change is
done.

4. Increased investment in research and
information system is absolutely
essential.

We need to work together —communities,
policy makers and scientist. Therefore, we
have to forge a strong global alliance for
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Abstract

Some in the international community
speak of the end of the era of cheap food,
plentiful low cost energy and easy credit.
Others suggest that global oil supplies
have peaked and that prices will continue
to rise so affecting the whole global
economy. Yet others add to their analysis
the pervasive impacts of climate change
on, and the over/miss-use of, limited
water supplies in large tracts of this
planet. Nowhere are these issues more
relevant than in the ‘drylands’ of the
developing world and particularly West
Asia/Middle East. Many here are
challenged by poverty, soaring food costs
and very limited economic prospects. In
the sustainable development of the
drylands, many interwoven problems can
be recognized. These include water
poverty and misuse, huge climatic
variability and uncertainty, land
degradation and desertification, and
climate change (with projected deceases
in annual rainfall, and increases in mean
annual temperature, in extreme events,
and in sea level). There are limited areas
of fertile, well-watered land and often
inefficient and unsustainable food
production and continuing population
growth. These challenges must be faced
within the fluid socio-political
environment of globalization, of
continuing urbanization, of migration
pressure, of local, regional and
international competition and conflict for
natural resources, influence, wealth and
ideological supremacy. The roles and
expectations of women are changing as is
the global focus of fiscal power (and
responsibility) from the “West” to the

77

sovereign funds and the emerging
economies. Belatedly, there is also
international realization of the gross
neglect of the agricultural research and
development sector. This paper explores
some of these issues for the drylands and
highlights the opportunities which could
arise from the development of novel
policy options, from exploring new
technical interventions, by exploiting
current best practice and research, and
by identifying economic opportunities
within the constraints of international
pressure to limit carbon emissions and
climate change.

Introduction

Within the international community many
speak of the end of the era of cheap food
and of plentiful, low-cost fossil energy and
of easy credit. Others, more apocalyptically,
suggest that we face a perfect storm,
combining not only as the global credit and
economic crisis and 'peak’ global oil
supplies (at the very least, the peak of
readily-extractable, cheap oil) so that rising
energy prices will continue to dampen the
global economy, with the challenge of
responding to climate change and the need
to curb our dependence on fossil fuels.

In relation to the drylands we must add the
pervasive impacts of climate change on
areas already challenged by dryness and by
the over- or miss-use of limited water
supplies. Further physical trials hover on the
horizon. It is not clear, whether or not the
global community will move with the
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necessary vigour to build a low-carbon
global economy so as to avoid the more
calamitous impacts of climate change, for
example, a sea level rise of 1 to 2 meters
with disastrous consequences for areas such
as the Nile delta. Many experts agree that
keeping atmospheric green house gasses
including CO; to below CO, equiv. 450ppm
is vital to avoid dangerous positive
feedbacks e.g. release of tundra methane,
and irreversible changes, but it must be
seriously doubted if this will be achieved
(Anderson et al. 2005; Bows et al. 2006).

In facing these immense challenges, history
suggests that it is the poor, dispossessed and
marginalised who will suffer most from
social and economic convulsions and from
any 'natural’ or 'man-made' physical
disasters. Nowhere more so than in the
fragile 'drylands' of the developing world,
including West Asia and North Africa
(WANA) --- the classical interface between
the Mediterranean, European, and 'eastern’
worlds.

While a favoured few in this region are the
beneficiaries of enormous oil and gas
wealth, the majority of the inhabitants of the
drylands remain burdened by poverty,
soaring food costs, limited economic and
resource options, poor educational
prospects, and social discrimination while
yearning for improved living standards for
themselves and their children. Together,
these evils ferment further social unrest.
Too often the ensuing civic and
international conflicts further undermine
any possibility of improving human welfare
and living standards. It is also abundantly
clear that the “Washington free-market
development consensus” and strands of
laissez-faire capitalism itself have been
discredited on their own home ground of
Wall Street and the City of London (as had,
previously, the pretensions of centrally-
planned economies). The 'Washington
model' can no longer provide convincing
diagnoses or answers, especially from the
perspective of the rural, marginalised poor
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of the drylands whose social horizons and
access to global markets and information is
very limited. Importantly, the financial
trauma in the 'North" implies that peoples
round the world will have to look to their
own resources, imaginations, skills and
initiatives to seek to solve their problems, as
the current financial crises will focus
"Western' minds, for some time to come, on
their home-grown difficulties.

Challenges to sustainable development in
dry areas

The sustainable development of the
'drylands’ (home to some 25% of this
planet's population) is characterised by
interlinked physical problems. These
include, as is all too well recognised, water
poverty (but including competition, misuse
and resource over-use); huge climatic
variability and uncertainty; insidious land
degradation, and desertification and very
limited areas of 'good land'. On to which we
must superimpose mean climate change
(with projected deceases in annual rainfall
and river flows, and increases in mean
annual temperature and evapo-
transpiration), and increases in extreme
events (including extended periods of
drought and storm events). Within the
drylands, the limited areas of fertile, well-
watered land are crucial but insufficient to
provide adequate sustainable food
production, resulting in many nations being
dependent on imported staple foods and
exposure to world market prices and to
external political pressures (see ICARDA
2007).

Of equal, perhaps even greater, significance
are the social, cultural and economic
challenges. Fragile social structures are
threatened, internally and externally, while
investments in educational and social
programmes and in research and
development are too low and, of course,
even these are all challenged by the
pressures of continuing population growth
(see UNDP & AFESD 2003).



It is within the fluid socio-political
environment of globalisation (which tempts
the rich to be both protectionist and
exploitative) and of fast changing power
and economic relations, of continuing
urbanisation and migration pressure (to
cities barely able to cope and/or to
developed countries reluctant, even
frightened, to accommodate new migrants)
that the basic 'dryland’ issues must be
addressed. Crucially, the roles and
expectations of women are changing -- half
our population and talent should and can not
any longer be relegated to subservient,
peripheral roles.

The global focus of fiscal power and
responsibility is shifting from the “Northern
Axis” to the “sovereign funds” (several
from the Gulf States) and to the emerging
power-houses of China, India, Brazil and
others. Belatedly there is also international
recognition of the gross neglect of the
agricultural research and development
sector and the continuing need for food
production to keep up with population
growth (noting that ICARDA's annual
budget of about $30 million would not
purchase one star footballer in Europe for
Manchester United or Real Madrid, adding
that Manchester City, which is now Gulf-
owned, is wishing to compete with the high
rollers).

In the text that follows these issues are
analyzed and the opportunities, which could
arise in the dry lands areas from the
development of novel policy options, from
exploring new technical interventions, by
exploiting current best practice and research
and by identifying economic opportunities
particularly within the context of
international pressure to limit carbon
emissions and mitigate climate change, are
highlighted.

79

Water, food and people

I will not dwell on the problems as these
have been discussed in some detail by
others but will focus briefly on the related
issues of water, food and people, by way of
context to the proposals to be made in the
later section.

Drylands are, of course, water short and that
this shortage can be expressed in various
ways (e.g. Falkenburg et al. 1990).
Available and renewable water resources in
the Middle East and North Africa
approximate to 1,100 m® person™ y* (see
Fig. 1), falling to 550 m® person y* by
2050, given population growth projections,
but this latter figure does not take into
account likely climate change scenarios; all
of which predict lower rainfall, higher
temperatures and evapo-transpiration for
this region. Thus, it is likely to be a
significant overestimate. Currently some 80
to 90 % of available water is used for
agriculture and for food production (see Fig.
2) but, despite this, the region is a major and
growing grain importer of around 50 million
tonnes now, but doubling by 2030 to near
90 to 100 million tonnes (ICARDA 2007).

It is worth recalling the formal definitions of
national water scarcity that lie behind the
values in the Figure 1 (Falkenburg et al.
1990). Countries are classified as: (a) Water
stressed (<4654 litres per person per day or
1700 m® person™ y*), (b) Water scarce
(<2738 litres per person per day or 500 m*
person™ y1) ; and (c) With absolute water
scarcit%/ (<1369 litres per person per day or
250 m® person™ y* . For comparison, the
global water foot print is 1240 m*® person™
y'! of which some 16% arises from
international trading.
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Figure 1. Total actual renewable water resources per inhabitant in 2005 in different
countries in the world.

Proportion of total water withdrawal withdrawn for agriculture

Agricultural water withdrawal as percentage of total water withdrawal for
agricultural, domestic and industrial purposes (around 2001)
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Figure 2. Agriculture water withdrawal as percentage of total water withdrawal (for
agricultural, domestic and industrial purposes) around 2001.
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Within the WANA region, Jordan is already
on only 170 m® person™ y* i.e. absolute
water scarcity and, on any reasonable
projection, much of this region will be in
dire straits in the near future. Nevertheless,
it is essential to recognise and examine the
basic assumptions of the Falkenburg index,
i.e. the index is based on the amount of
water that would be required, in a semi-arid
country, to achieve food self- sufficiency.

Two questions obviously arise: is this a
rational assumption? Is it rational and/or
economically or socially desirable for
water-challenged countries to seek to be
self-sufficient in food? Recalling the food
rationing in wartime and post-war Britain,
this is not a trivial question to be posed
lightly and that the absence of food self-
sufficiency carries with it significant
hazards, but it may be inevitable and de
facto the least worst scenario.

The predominance of water use in
agriculture (Fig. 2) reflects historic practice.
Even as countries urbanise, rural
communities are vital. Official policy tends
to favour national food self-sufficiency as
opposed to seeking to maximise food
security through trade, reinforcing the
importance of the ruralareas. Certainly a
headlong rush from the countryside to
already crowded cities is a daunting
prospect.

Nevertheless obvious questions are: [a] Is
the current situation sustainable? [b] Are
there alternative scenarios? [c] What might
be the optimum water and land use policy?
[d] Should the policy be dominated by
economic considerations or by a political
need for food security? [e] How (if at all)
should water be priced? [f] When water
resources are limited, what crops should be
grown? [g] If there will be a move from
traditional agriculture, how can rural
communities support themselves? [h] Can a
country entrust its staple food supply to the
international market place or, indeed, can it
avoid doing so? [i] How much additional
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benefit can be derived from recycled water
and improved water use efficiency in both
rain-fed and irrigated system?

There is no prospect of answering these
questions in a single short contribution. But,
to place the overall issue in specific context,
a reference to the work of Chewoweth
(2008) would be helpful. He argues that, if
we discard the traditional agricultural focus,
a nation could offer a high quality of life
with as little as 135 litres of water per
person per day: i.e. about a tenth of the level
of absolute water scarcity, as currently
defined above. In the Netherlands
individuals use 125 litres water a day.

Even at this low consumption Chewoweth
(2008) suggests that with relatively simple
mechanisms for enhanced water use
efficiency a decline to about 85 litres is
possible. Clearly, to secure a national
perspective, domestic water use must be
supplemented by water for the service,
business and the industrial sectors.
Chewoweth (2008) points out that in the
UK, excluding the very water intensive
industries, e.g. some chemical manufacture,
textiles, paper etc., these sectors only
require the equivalent of 34 litres per person
per day -- hence an overall requirement of
about 125 to 130 litres.

This, therefore, represents a water efficient
scenario without the allocation of water
resources to either irrigation agriculture or
to water-intensive industrial processes
(extensive use for recreation, e.g. golf
courses). This appears, roughly, to be the
situation in places with little agriculture and
high population densities such as Malta and
Singapore even today, but is of course a
stark contrast to many dry land countries in
WANA where 80 to 90% of water is
allocated to agriculture.

Interestingly, some individuals and
households in the least developed countries
or regions, such as the communal areas of
Namaqualand in South Africa, have to



survive on about 20 to 25 litres per person
per day (May et al. 2006). No one would
argue that this is satisfactory. Such figures
need to be interpreted with care as they
could be affected by the local climate and
other factors, but it is revealing to place
these figures in their physical context.
However, it is worth noting thata 5 x 5m
roof area in a rainfall of 350 mm, assuming
a capture efficiency of 80%, could
theoretically yield some 6500 litres of water
per year or somel8 litres per day per unit —
a significant contribution to drinking and
cooking needs. Obviously, the reality would
depend on the capture systems
(guttering/tank capacity etc.) and on the
periodicity of the rainfall (Prof. Timm
Hoffmann University of Cape Town,
personal communication). But the
significance to local capture to supplement
other supplies needs serious and wide
spread consideration.

While these international comparisons
suggest that communities and individuals
and economies can prosper on a little over
125 liters of water per day per person, the
concept rests on the assumption that 'virtual'
water is imported in the goods, especially
the food, and that most of their requirements
for food and water-intensive materials
would come from other water-rich regions.
It is, therefore, important to note the virtual
water content (Table 1) of some common
foods and goods (Hoeskstra and Chapagain
2006), while recognizing that such figures
are first approximations that do not
distinguish different production systems,
e.g. intensive corn-fed beef from range
grass-fed animals.

It was noted earlier that WANA currently
imports large volumes of grain, projected to
rise to some 100 million tonnes of grain
annually by 2030. Since a tonne of grain
approximates to 1000 m® of virtual water;
this is equivalent to 10* m* or 10* litres of
virtual water. Assuming a population in
2030 of circa 650 million (see FAO
projection) this amounts to 154,000 litres
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per person per year -- only for grain. If all
food imports are included, there is no doubt
that regional virtual water imports will be
significantly higher, especially considering
water- intensive meat imports. As noted
above, textiles, shoes and other items also
incorporate a great deal of virtual water, a
fact that needs to be taken into
consideration. As far as | am aware, none of
the figures for WANA or NENA demand
factor in the impact of climate change on
either the water resources or regional crop
yields. These figures may be compared to a
hypothetical basic “food-independent”
requirement in 2030 of 125 litres per person
per day, i.e. 45,625 litres per person per
year, and the current Jordanian figure for
water availability for all uses of 93,000
litres per person per year.

Table 1. Selected averaged global virtual
water contents (Hoeskstra and Chapagain
2006)

Product Virtual Water
(litres)
milk 200 ml 200
bread 30g 40
potato 100g 25
cotton T-shirt 2000
glass of wine 125ml. 120
hamburger 150g 2400
egg 40g 135
tomato 70g 13
microchip 32
pair of leather shoes 8000

I would argue that it is highly probable that
a combination of urban pressures, physical
limitations on water supply for agriculture
and future climate change will force a major
rethink. A marked decline, over a span of
one generation (10-20 years), in the water
available to irrigation agriculture is surely
inevitable ( ICARDA figures suggest a
decline of 220 m® or 220,000 litres per
capita every 25 years in water for
agriculture in the southern Mediterranean).




This will catalyse the adoption of
technologies and the breeding of cultivars
which increase yields and water use
efficiency as is advocated by ICARDA and
others. In all probability, there will also be a
move to higher value crops to increase the
economic return per unit water. Yield per
unit water and economic return per unit
water are becoming major concerns.
Fortunately there is also compelling
evidence that significant improvements can
be achieved in rain-fed systems.
Nonetheless, critical questions arise; firstly,
if some of the more profitable types of
irrigated or part-irrigated agriculture are
destined to decline and /or to be
concentrated in fewer hands in a generation
due to physical, social and economic
pressures, how will this affect the capacity
of the rural poor to escape poverty through
agriculture? Even now in numerous studies
summarised by De Janvry and Sadoulet
(2000) and including ICARDA's Khanasser
Project (ICARDA 2007), agricultural
production is only a modest contributor to
rural livelihoods. In our MAPOSDA project
in Namaqualand (Wyn Jones et al. 2003), it
contributed at best about 10%, although in
the Maloti mountains for Lesotho with
much higher rainfall it approached 40%.
There is little prospect of this increasing for
the reasons given above and it may well
decrease.

So we need to consider complementary or
alternative pathways from rural poverty and
to re-assess the policy framework. The near
universal historic assumption, in both
developed and developing countries, that
agricultural research, related extension,
development and support policies are
virtually synonymous with rural
development has to be questioned. Very
careful consideration must also be given to
the type of agriculture practised in semi-arid
countries as well as general development
priorities. It may well be that both food
demand and prices will increase but is there
evidence that the marginalised poor farmer
in a semi-arid highly unreliable climate will
be a major beneficiary? This analysis does
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not seek to undermine the urgent need to
well focused research and development in
the agricultural sector. Any improvement in
the welfare of subsistence farmers is to be
welcome and every effort must be made to
achieve sustainable improvements in food
production in both rain-fed and irrigated
systems. Additionally, there are pressing
concerns related to continuing sustainability
and efficiency of current systems, e.g. soil
conservation, N leaching into ground and
surface waters. However, there appears little
reason to expect agriculture per se to
provide more than a minor escape route
from rural poverty.

Comparative advantages of dryland
areas

Since water is a very limited and potentially
diminishing resource, we must ask what are
the abundant resources and comparative
economic advantages of the drylands? |
suggest the following:

1. Abundant 'free’, non-polluting, carbon-
free renewable energy from the
consistently high and reliable levels of
solar radiation. This, through numerous
technologies, can be converted into
abundant renewable electricity and,
potentially through controlled photolysis,
to renewable hydrogen capable of
replacing oil and gas resources as the
underpinning to the global economy.
This same radiation can be harnessed in
large biological production potential, e.g.
of algae (if linked to a modest supply of
water and nutrients to biomass
production), again a renewable carbon-
neutral source of aviation fuel etc.

Huge financial resources.

3. Energetic skilled people. This resource is
presently underdeveloped but, one
should remember that many of the
insights and inventions which
underpinned the evolution of
mathematics, medicine and science and
technology in Europe were transmitted
from WANA, the Indian subcontinent

no



and China. Those skills must be
reinvigorated.

A concerted effort should be undertaken to
exploit the above mentioned strengths and,
at the same time, alleviate some of the well
documented problems discussed herein and
elsewhere.

Proposals for seeking sustainable
development in the dry areas:

| wish to put forward four propositions to
seek to assist dryland development in the
WANA region:

1. A'regional’ initiative on solar energy
capture and renewable energy
generation, both basic research and
demonstration and development project,
is vital. The potential of various solar
technologies is enormous and can be
crystallized by the suggestion that an
area of approximately 600 km x 600 km
of solar energy capture (at a rather low
efficiency) could supply the energy
needs of one billion people (roughly
whole Europe and North Africa) at the
European consumption rate of 125 kWh
per day (MacKay 2008). Let us consider
the following scenario: In 7 years time
the atmospheric CO; level reaches 400
ppm, coinciding with the disappearance
of summer ice in the Arctic (Greenland
icecap is melting at an unprecedented

rate), a very hot European summer (party
due to an El Nino event) kills thousands,

serious hurricanes elsewhere and poor
harvests in Australia (again!) -- a sure
recipe for an international panic. It is

realised that atmospheric CO; levels will
continue to increase and, in consequence,

the danger of positive feedbacks is even
more acute. Unfortunately these are not
the ravings of madman but an entirely

plausible set of events. We can anticipate

the reaction in the 'North' especially just
as it is emerging from a long
financial/economic crisis. The drylands
of WANA could be part of the solution.
It can seriously be envisaged that solar
renewable electricity could be exported
into the European grid to power that
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continent and run its cars as well as
fuelling the economies of WANA. It
follows - not food for oil but food and
goods (and their attendant virtual water)
for carbon-free, renewable energy and /or
goods produced with that energy. Also
more locally abundant solar power could
support desalination and the purification
of recycled water to ease water shortages
in the region

. If this region will inevitably need to

divert more and more water resources
from irrigation agriculture to urban and
commercial use (and that rain-fed
agriculture will become more uncertain
as a result of climate change) then
mechanisms must be found to help rural
communities diversify their incomes.
Two initiatives suggest themselves.

. Firstly, mechanisms to convert the

international public goods produced by
ICARDA and the other international,
regional and national agricultural
research institutions into local
commercial advantage. | realise full well
that ICARDA is doing all it can in this
area. But its resources are limited (one
footballer equivalent per year) and it is
constrained by its primary mandate — as
an international research organisation
producing IPGs. Already, and | would
argue quite properly, it is stretching the
definition of international public goods
(IPGS). The transmission and conversion
of IPGs to local advantage is principally
the work of NARS but as far as | am
aware, few have the skills in business
development, in social issues, in
marketing, in credit generation and
distribution etc. that are required. New
thinking is required, either with re-
vamped NARS or something more
radical, which could include a regional
initiative.

4. Secondly, as noted above, even now

agriculture per se is often relatively
modest contributor to income generation
and livelihood support in semi-arid and
arid communities (e.g. see work in
Khanasser project and others). While



ARD can contribute to the alleviation of
rural poverty, non-agricultural
enterprises are becoming ever more vital.
The traditional link between rural
development and agricultural
development and productivity is still
important but not enough in itself. This
implies much greater emphasis on
skilling and supporting men and women
in a wide range of non-agricultural
activities in households, communities,
villages and small to medium-sized
towns (in part to slow the rush to the
cities).This has been part of EU thinking
for many years and WANA would be
well to learn from successes and failures
of EU. New thinking, new organisations
and new initiatives are required to meet
these new challenges.

. How is this new thinking to be generated
to address the interrelated issues of
national food self-sufficiency and/or food
security, water availability and national
water use profile, land-use and
conservation and poverty alleviation?
These issues cross the conventional
institutional and disciplinary boundaries,
which characterise and plague all civil
services. A nation may also consider that
a number of acute problems may arise
from an exposure to international
markets in a time of financial instability
coupled to climatic shifts. Nonetheless,
for many countries and sub-regions, the
status quo is either not at all or a very
poor option. There is a strong case for
regional think-tank drawing on skills and
experience of ICARDA, IWMI, IFPRI
and the other international and regional
experts to which government could seek
advice on options, planning scenarios
etc. Importantly, such an unit could make
more radical, cross-disciplinary,
proposals. But proposals which would
be 'deniable’ by government i.e. would
arise for outside the national systems and
be open for discussion prior to formal
adoption and implementation by
government.

. Finally, in the whole area of renewable
natural resources, which lie at the heart
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of the future of the drylands, there is the
need for well educated, well motivated
individuals in a wide range of sciences,
technologies and social sciences. The
establishment of a major endowed fund
to provide scholarships and fellowship
for young men and women to develop
their potential will go a long way in
achieving this objective. One could
envisage, for example, gifted youngsters
working on joint projects between
ICARDA or ICRISAT or IWMI and
local University and involving an
European or USA institution. One
cannot imagine a greater catalyst to
creativity and the improver of research
standard than such an arrangement. Of
course there will be problems and
rivalries, as always, but the regional
rewards are also huge.

It was noted earlier that there are pockets of
enormous wealth in the drylands. One does
not know how long the oil wealth will be
maintained (who knows how the relation-
ships between peak oil, limiting CO,
emissions and the global economy will play
out!) nor how soon our world will panic and
move dramatically to cut its dependence on
fossil fuels and curb the global emission of
CO0, and other greenhouse gasses. Do we
have 10, 20 or even 30 years? My best
guess is that it will happen sooner than we
expect. There is consequently a huge
regional self interest in re-positioning the
drylands, arguably one of the most
vulnerable regions, for the new economy
and environmental reality. European and
international demands for carbon-free,
renewable energy will be huge and the high
solar radiation of the drylands can play a
part in fulfilling that need (while
recognising significant technical issues must
be solved especially in relation to efficient
long distance electricity transfer).

To return to my introduction, in many ways
the challenge is huge but very simple; will
the enormous financial resources of this
region be used to provide mechanisms to
address these issues or for footballers?
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Abstract

Dry areas cover 41% of the earth’s
surface and are home to over 2 billion
people — and the majority of the world’s
poor. Food insecurity and the current
food crisis are the most immediate
challenges facing national, regional and
international communities in fragile
ecosystems of dry areas. The situation is
further aggravated by the extreme
weather conditions as the result of
climate change. Enhancing food security
and improving livelihoods of the resource
poor here require an integrated approach
involving the three major pillars for
sustainable agriculture development
namely natural resource management,
crop and livestock improvement, and
policy and institutional capacity
development. To have positive impact on
food security and improving livelihoods,
changes are needed in the development of
supportive policies and institutions as
well as in having effective technology
transfer. ICARDA has been working on
increasing agricultural productivity and
production in the dry areas and
providing improved livelihood options to
resource-poor farmers in support of
sustainable agricultural development.
The Center has released, in collaboration
with national programs, nearly 850
improved varieties of wheat, barley,
lentil, faba bean and chickpea adapted to
the dry areas. Integrated fungal and
insect pest management techniques have
cut production costs and have protected
the environment. High value crops and
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protected agriculture are now available
to farmers in Afghanistan and Yemen to
diversify production systems, improve
human nutrition and improve livelihoods.
The Center has introduced improved
crop management methods by more
efficient water management (e.g. water
harvesting, supplemental irrigation), and
introduced conservation agriculture to
increase rain water infiltration, raise
yields and reduce production costs.
Agricultural research in dry areas will
enhance food security and ameliorate
food price increases in addition to
developing capacities of scientists and
institutions to help farmers cope with
climate change in developing country. It
is a noble cause with global relevance that
deserves the greatest support.

1. Introduction

Food insecurity is perhaps the key challenge
facing communities as well as governments
in the dry areas. The food crisis of 2008 was
triggered by several reasons including
conversion of food crops to biofuel, reduced
availability of staples in global markets
because of prolonged droughts in major
grain exporting countries such as Australia
and Canada, high demand for grains spurred
by economic growth in China and India, and
the change in eating habits in many
developing countries. We know now that
part of what we are experiencing can be
attributed to climate change.
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2. The challenge of dry areas

Dry areas cover 41% of the earth’s surface,
and are home to over 2 billion people — and
the majority of the world’s poor. Over 80%
of the population in these regions lives on
less than $2/day, most of which is spent on
food. Climate change will aggravate the
situation unless governments muster the
political will to make the right investments
and restructure their policies.

UNESCO?’s classification distinguishes five
major categories of dry areas: non-tropical
with winter rainfall; non-tropical with
summer rainfall; non-tropical with
transitional, often bimodal, rainfall; tropical
dry areas; and hyper-arid areas (or 'true’
deserts). ICARDA's geographic mandate
focuses on the non-tropical dry areas of the
developing world, encompassing North and
Sub-Saharan Africa; Central, West and
South Asia and China; and Latin America.

While there is a wide diversity of agro-
ecologies in dry areas, wheat and barley
represent the main components of rainfed
cropping systems, although such crops as
sorghum, especially in Sudan, and cotton in
Egypt and Syria (under irrigation), are also
important. Faba bean, chickpea and lentil
are important food legumes, and a major
source of protein in the daily diet of low-
income people. Other crops, such as
potatoes, summer crops, oilseeds and sugar
beet are also important, especially where
irrigation is available. Dryland fruit and
vegetable crops are an integral part of the
farming systems, and include olive, almond,
fig, pistachio, apple, apricot, peach,
hazelnut, grape, quince, date palm,
cucumber, melon and others. Livestock,
particularly sheep and goats; forages; and
rangelands that provide feed, represent a
major component of the farming system and
are an important source of lively-
hoods,articularly in low-rainfall areas and
marginal lands.

Environmental poverty in dry areas: water
scarcity and land degradation: Future
projections of population growth indicate a
further decrease in per capita water
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resources. In the Middle East and North
Africa, for example, current per capita
renewable water resources (1100 m®/yr) are
projected to drop to 550 m®/yr by 2050. This
will trigger a higher water withdrawal rate
with both ecological and human livelihood
implications.

The Middle East, North Africa and Sub-
Saharan Africa are the world’s most water-
scarce regions and they are extracting water
at a rate that is not sustainable. Most
countries in the dry areas are facing
increasing water scarcity. In some cases,
such as Jordan, per capita availability of
fresh water has already dropped to 170
m?/year, well below the internationally
recognized water scarcity standard of 500
m?>/year.

Water scarcity and quality are potentially
serious threats to food security and health in
dry areas. There is a direct relationship
between access to water and access to food
and feed security. The proportion of the
population without access to reliable,
uncontaminated water is as high as 78%.
Irrigation accounts for 80-90% of all water
used in dry areas. However, increasing
competition for water among various sectors
will likely reduce the share for agriculture to
about 50% by 2050.

Climate change: The recent report of the
Intergovernmental Panel on Climate Change
suggests that the severest impacts will be
felt in West Asia, North Africa, and Sub-
Saharan Africa. The crop varieties grown
today are not likely to survive in the
changed climate of tomorrow. The areas of
cultivatable land are projected to decrease,
which will exacerbate the precariousness of
food security situation.

Climate change models project that North
Africa and West Asia will see a 6.5 and 3%
decrease in rainfed cereal production,
respectively. However, North Africa, West
Asia and Central Asia are projected to see a
6.5, 4.5 and 10% increase in irrigated cereal
production, respectively. Depending on the
climate change model, North Africa and



West Asia are projected to see a 49% to
33% decrease in production from
grasslands/scrubland and a 14-15% decrease
in production from woodlands.

Climate change is already severely affecting
the already scarce natural resources in the
dry areas; crops and livestock are facing
more extreme temperatures and drought
has become more common. ICARDA,
through its focus on dry areas, is developing
technologies that are helping farmers to
cope with climate variability and change
through adaptation, mitigation and greater
resilience of production systems. The
Center and its partners are developing crop
varieties and production technologies to
cope with the threats of drought, heat stress
and other climate change implications.
There is also need for technologies to
improve water productivity, halt land
degradation and combat desertification, e.g.
soil and water conservation and better
rangeland management practices. The
approach must include community-based
co-management of scarce natural resources
and allow land users to link with research
institutions and policy makers. It is much
more cost effective to prevent land
degradation and desertification, than to
reverse degradation once it has occurred.
This is true irrespective of the causes of
degradation (over-grazing, erosion,
salinization etc).

Population growth, urbanization and
unemployment: In most dry-area countries,
food demand is outstripping production, due
in part to rapid increases in population (the
growth is about 2.5 % annually). The
proportion of arable land to total area is
lower (4—11%) than in other climatic zones
in other developing regions.

Urbanization is one of the critical global
trends shaping the future, according to
World Resources 1996-97. Measuring
everything from urban expansion to energy
consumption to declining fish stocks, the
report uses projections based on scientific
studies, scenarios, and quantitative models
to document future environmental
challenges, including those caused by
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massive and rapid urbanization. The report
identifies some positive trends, but also
finds that greater environmental challenges
lie ahead unless the human race charts a
new course. Taken one by one, these trends
extending into the future appear
manageable. But when you put them all
together, they pose a potentially serious
hurdle to the aspirations of all nations for a
better quality of life and for the preservation
of natural resources and environmental
assets. The effects of urbanization on
environmental degradation can be expected
to hit the dry areas of the world very hard.
Many countries in the Middle East and the
Gulf are already more than 50% urbanized;
about 95% of Kuwait’s inhabitants live in
Kuwait City.

Policymakers in the MENA region are faced
with the challenge of reducing the high level
of unemployment and creating sufficient
jobs to absorb rapidly growing populations.
Meeting this challenge is neither simple, nor
should it be postponed. Unemployment is a
waste of society's scarce resources. It has
direct adverse effects, especially on those
with no assets to compensate for
joblessness. Further, a high concentration of
unemployment among the educated youth
can be politically destabilizing.

Food insecurity - prices, trade and self
sufficiency versus self reliance: Taking
cereals as an example, WANA will continue
to be the largest cereal importer in the
world, although the projected trends for
Sub-Saharan Africa, with a large dry-area
component, are also alarming. Demand for
animal feed also exceeds the region’s
current production levels. The feed
shortages, coupled with water shortages and

threats of diseases, are leading to low
productivity and poor reproductive
performance of livestock.

The dry areas of the world are primary
importers of wheat. The combination of
increasing demand for food and limited land
resources has a potentially negative impact
on the overall food security situation. The
West Asia and North Africa (WANA)



region has changed from a net food exporter
in the first half of the last century to the
largest food importer in the developing
world.

In an increasingly globalized world it makes
more economic sense for a nation to buy
food instead of growing it. Whether or not
the current situation subsides and market
forces correct themselves, the crisis has
alerted people to the global food issue and is
forcing nations to consider their own food
security.

Food prices in recent times have been rising
very sharply for various reasons. These
reasons include drought in major food
producing countries including exporting
countries like Australia and Canada,
increased global demand, and the diversion
of food grains into bio-fuel production.
Unfortunately the price rise trend does not
seem to be reversible at least in the very
near future. While the reasons may be a
debatable, we all agree that higher food
prices will directly affect the poor.

It is projected that the dry areas of the world
will be the biggest losers based on the costs
of importing more food. Agricultural
research is one of the few ways that will
permit countries to become more self
sufficient, as was achieved by Syria, Iran
and Uzbekistan.

Desertification or land degradation is major
global challenge to food security. The dry
areas are particularly vulnerable to land
degradation and desertification. The recent
Millennium Ecosystems Assessment Report
indicates that desertification threatens over
41% of the world’s land area, mostly in the
dry areas.
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Inadequate policies: Dry area countries
have mostly marginal areas, very high
population growth rates, and over 30% of
the work force engaged in agriculture. They
thus rely heavily on agriculture to address
major economic development problems, and
face food insecurity, high unemployment,
rural to urban migration, and migration to
better endowed areas. In most developing
countries, agricultural policies are
inadequate to resolve these problems. These
countries have inadequate policies to
provide (a) sufficient investment to keep
with advances in science and technology;
(b) sufficient monitoring and research
impact assessment; (c) special attention to
less well-endowed agro-ecologies; (d)
incentives to research staff in certain
countries, and (e) support for regional and
international cooperation.

Food security and poverty trap

The above mentioned key challenges are
interrelated and interactive, leading to a
“Food Insecurity and Poverty Trap” in
which a large proportion of the population is
caught (Fig. 1). Hunger and poverty are
widespread. About 360 million people or
16% of the total population in the non-
tropical dry areas of developing countries
lives on less than one US dollar a day. And
almost 1 billion people — again, mainly in
dry areas of developing countries — live in
absolute poverty and hunger on less than
two US dollars a day. Women and children
are affected the most.

However, there are clear pathways out of
the poverty trap and natural resource
degradation, as presented in Figure 2. The
dry areas have their own specific



Figure 1. The Food Insecurity and Poverty Trap
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advantages, such as plentiful sunshine, a
long growing season, and warm
temperatures.With good investment in
research and efficient management of
natural resources, dry areas can be highly
productive.

The following can make the difference:

» Enabling policy and political will;

« Advances in science and technology
(S&T);

« Sustainable intensification of
production systems;

 Integrated approaches and better
NRM for economic growth;

 Sustainable intensification of
production systems;

« Public awareness of the long term
benefits of conservation
technologies;

» Capacity development and
institutional support;

» Partnerships.

Advances in S&T: Several advances in
S&T are important to achieve food security.
Among these, biotechnological tools will be
very important in the future for solving the
food crisis but it is important to remember
that with increasing complexity of the
technology the cost also rises. The dry area
countries in the Near East are far behind
other regions of the world in terms of
developing crops with biotechnology tools.
Geographic Information System (GIS) is an
important tool that has helped advance our
understanding of the world by allowing us
to focus on the power of maps and
geography. Through national poverty maps,
for example, social scientists are better able
to focus on areas where poverty exists,
which are likely to be first affected by
additional problems such as drought and
food price increases.

Another tool is the Expert Systems, which
are computer programs that simulate the
judgment and behavior of human authorities
or organizations that have expert knowledge
and experience in a particular field.
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Agricultural Expert Systems are specifically
developed for certain crops or commodities
or practices to aid extension staff, farmers
and scientists apply best available advice
that has been collected from the best experts
in each field. ICARDA has been co-
operating with the Central Laboratory for
Agricultural Expert Systems (CLAES) in
Egypt in the development of expert systems
(see Rafea in this volume). NEPER expert
system was jointly developed by CLAES
and ICARDA to provide expert advice on
wheat and it performs better than many
human experts. It suggests integrated
schedule for irrigation and fertilizer
application using a crop model, and
provides advice on seed selection, tillage,
seed depth and density, pesticides and other
production factors. It diagnoses weeds and
provides advice to control them. It covers
the diagnosis and treatment of 38 disorders
afflicting wheat.

Integration and the pillars for sustainable
agricultural development: Improving food
security and livelihoods of the resource poor
in the dry areas requires an integrated
approach based on the three pillars of
sustainable agriculture: crop and livestock
improvement, natural resource management,
and development of policies and
institutional capacity. Technology options
for crop / livestock improvement and

natural resource management are available.
But for these technologies to make a
positive impact, supportive policies and
effective technology transfer are needed,
which in turn require stronger institutions.
Policy makers must provide incentives to
farmers to invest in new technologies.
Simultaneously, they must ensure long-term
investment in research to maintain a flow of
new technologies.

4. ICARDA’s research programs

During the past three decades ICARDA’s
research portfolio has been changing based
on emerging priorities and challenges. In
ICARDA'’s new Strategic Plan for 2007-



2016 (ICARDA 2007), the research
portfolio is designed to integrate research
and training activities carried out at
headquarters and in collaboration with
national partners. These are complemented
by participation in the CGIAR Challenge
Programs, System-wide Programs, Eco-
regional Programs and Global Initiatives.
Essentially, [CARDA’s new portfolio is
based on a wide range of partnerships and a
holistic approach to solving problems. This
portfolio is built on four major programs:
e Biodiversity and Integrated Gene
Management
e Integrated Water and Land Management
e Diversification and Sustainable
Intensification of Production Systems
e Social, Economic and Policy Research

Research outputs from the new portfolio
seek to directly contribute to the national
programs’ agendas, the Millennium
Development Goals 1, 7 and 8; and
indirectly to other five MDGs as well as to
the CGIAR System priorities.

ICARDA’s global eco-regional mandate
covers the countries with massive dry areas.
Of these, 35 are located in the Central Asia,
West Asia and North Africa (CWANA)
region, which represents more than 80% of
the non-tropical dry areas. This is why
ICARDA focuses on the CWANA as the
platform for most of its research and
training activities to address the problems of
non-tropical dry areas globally. It reaches
other dry areas in the world from this
platform.

5. Major achievements

In the past 30 years, ICARDA has made a
substantive contribution to agricultural
development and improvement in
livelihoods of the poor, especially in
CWANA region, through its research. Some
of these achievements are highlighted
below.
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5.1. Biodiversity

ICARDA’s germplasm collection focuses
on landraces and wild relatives of its
mandate crops, drawn from diverse eco-
geographic origins. Future collections will
be based on gap analysis and targeting of
valuable traits. The gene bank holdings
currently stand at 133,000 accessions (Table
1). Over 40,000 samples are distributed
each year to cooperators throughout the
world to facilitate their crop improvement
efforts.

Table 1. Make up of the germplasm
collections in ICARDA’s genebank, March
2008

Crop Accessions
Barley 24,492
Wheat 33,105
Wild cereals 7,266
Forage legumes 28,364
Food legumes 32,342
Wild food legumes 850

Forage and range 5,653
Total 132,072

ICARDA operates within four centers of
origin and diversity. Around 70% of the
collection originates from CWANA. Some
of the world’s most important crops were
domesticated in the region within which
ICARDA operates — thus there is
tremendous diversity in CWANA region
both in cultivated landraces and wild
species.

5.2. Crop improvement

More than 900 improved cereal and legume
varieties have been released by national
programs in partnership with ICARDA, and
adopted by farmers worldwide (Table 2).
One example is our wheat research jointly
conducted with the Syrian national program.
Over 80 improved wheat varieties have
been released by the national program of
Syria.



Table 2. Improved crop varieties released
worldwide in collaboration with national
programs using ICARDA germplasm, 1977
to 2008

Developing | Industrialized Last 2
countries countries years, all
countries
Cereals
Barley 175 31 6
Durum 102 14 1
wheat
Bread 224 6 9
wheat
Legumes
Chickpea | 108 31 9
Faba bean | 51 6 1
Lentil 96 16 9
Forage 30 2 2
legumes
Peas 9
Total 795 106 37
901 varieties released

These cover about 90% of total wheat area.
Production of wheat has increased almost
four-fold since the 1970s, from about 1.2
million tones to 4.8 million tones; moving
Syria from its importer status in the past to a
net exporter of wheat. This increase in
production generates gains of over 350
million US dollars per year, and it has also
helped in saving about 3.5 million hectares
of land for other crops. Such partnerships
have led to similar trends elsewhere: Iran
and Uzbekistan have achieved self
sufficiency in wheat production. Similar
developments have occurred in the
production of legume crops such as faba
bean, which is important in China, the
Middle East, Ethiopia, Eritrea and parts of
South America. New high-yielding varieties
and better production practices have helped
Egypt achieve self-sufficiency in faba bean,
while in Sudan, Ethiopia and other countries
the faba bean output has been greatly
increased. One of the biggest achievements
has been the development of faba bean
cultivars resistant to the parasitic weed
Orobanche.

Heat and drought tolerance: Several high-
yielding wheat cultivars with tolerance to
heat stress have been developed in Sudan.
This has made wheat an attractive crop in
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the areas south of Khartoum where heat
stress once prevented its cultivation. Heat
tolerance is very important in the context of
adaptation to climate change.

ICARDA has developed drought-tolerant
lentil varieties, which have been widely
adopted by farmers in Jordan, Libya and
Syria because they give economic returns
even in dry years. Genetic material from the
Middle East and Argentina has been used by
ICARDA to improve south Asian lines, and
a number of new varieties have been
released to farmers in Bangladesh, Nepal,
India and Pakistan.

The Kabuli chickpea cultivar ‘Gokce’,
developed by ICARDA and Turkish
national scientists, withstood severe drought
in Turkey in 2007 and produced an
economic yield when most other crops
failed. Gokce is used on about 85% of the
chickpea production areas (over 550,000 ha)
in Turkey. With a yield advantage of 300
kg/ha over other varieties, and a world price
of over USD 1000/t, this represents an
additional USD 165 million for Turkish
farmers, in 2007 alone.

ICARDA is also working to identify the
genes that confer drought tolerance, using
DNA-micro-arrays, which permit analysis
of genes during different growth stages. For
the transcription analysis mMRNA is
extracted from cells that were grown under
different environmental conditions, and
labelled with two different fluorescent dyes.
The labelled nucleic acids are then
hybridised with the micro-arrays and the
fluorescence intensity of the individual
spots quantified through laser light. Up-and
down-regulated genes are identified.

Resistance or tolerance to diseases and
insect pests: Stem, leaf and yellow rusts are
the most devastating wheat diseases.

Working with the national programs of
Egypt, Ethiopia, Sudan and Yemen, we
mapped the routes followed by these
diseases to spread in the region. In the



1980s and 1990s we also identified genes
for resistance and developed varieties
resistant to leaf and stem rust.

Recently wheat production has been
threatened by a new race of stem rust, first
identified in Uganda in 1999, and named
Ug99, which has the potential to devastate
wheat crops globally and pose a real threat
to food security. In 2005, small-scale
farmers in Kenya lost as much as half of
their wheat crop. Subsequently, the disease
moved north, crossing several countries and
the Red Sea, and has now been reported in
Yemen. It could spread further through the
Middle East, southern Europe, South Asia
and the Americas, because the pathogen
spores can be transported by wind, over
long distances. To combat this threat,
ICARDA and CIMMYT launched the
Global Rust Initiative (GRI) in September
2005, in which FAO is now a full partner.
The GRI is a consortium involving over 30
countries, for developing and deploying
wheat varieties with stable resistance to
Ug99 and other races of stem rust.

Major successes have been achieved in
protecting wheat against the Sunn pest,
using integrated pest management methods
with a major biocontrol component. The use
of natural enemies decreases the amount of
pesticide in the environment and reduces
costs of inputs needed to protect the crop.

Nutritional factors: Given that the grasspea
(Lathyrus spp.) never had the same breeding
effort devoted to it as field pea and other
grain legumes, more progress is anticipated
through breeding. In times of drought and
even of water logging, grasspea is the only
hope for the poor. However, it contains a
neurotoxin (ODAP), which induces
paralysis of the legs in humans when they
consume this legume as a major part of the
diet, a feature common when drought
devastates other legumes. In collaboration
with national partners, ICARDA has
developed new, low-neurotoxin grasspea
cultivars safe for human consumption. One

such variety was released in Ethiopia last
year.

5.3. Grain-for-seed concept to cope with
excessive drought

In a good season with no seed shortage,
about 75% of the seed required for planting
comes from farmers themselves. In a bad
season with severe seed shortage because of
excessive drought (as a result of climate
change), it is possible with advance
planning and management to convert seed
for grain to seed for planting. This can be
used to maintain an adequate supply of
certified seed with known varietal purity
and performance.

5.4. Water resources

ICARDA’s water research focuses on
sustainable increase of water productivity
both at the farm and basin levels. The
Center has launched a new water
management project, involving 10 WANA
countries. The goal is to promote
community participation, efficient use of
resources and expertise, and the use of
technologies that increase water
productivity. The project coves three major
agro-ecosystems: the marginal lands or
“Badia”, rainfed and irrigated systems.
This research has helped understand the
drivers to increase water productivity at
different scales. These can be summarized
as follows:
= At the basin level: competition among
use sectors (environment, agriculture,
domestic), conflicts between
countries, and equity issues;
= At the national level: food security,
availability of hard currency, and
socio-political factors;
= At the farm level: maximizing
economic return, and nutrition in
subsistence farming;
= At the field level: maximizing
biological output.

ICARDA has also been studying and
promoting the use of alternative water

95



resources. For example, marginal-quality
water and treated wastewater have been
found useful for growing cotton, forages
and trees. In Uzbekistan, studies have
shown that conjunctive or blended use of
drainage water with regular irrigation can
optimize yield while conserving fresh water.
It has also been observed that Water Users’
Associations are the best alternative for
proper irrigation management at the river
basin level.

5.5. Integrated livestock/rangeland/crop
production systems

A range of technologies have been
developed to integrate crop-livestock-
rangeland production systems. These
include:
= Barley production
= On-farm feed production
= Feed blocks produced from agro-
industrial by products
= Cactus and fodder shrubs
= Flock management
= Natural pasture enhancement and
rangeland management.

Water productivity is a key issue in crop-
livestock systems. Technologies have been
developed to enhance feed water
productivity, through feed selection, use of
residues, feed water management and
multiple use of water. Research covers
water harvesting as well as watershed
management, and builds on traditional
systems such as the tabia and jessour
system of Tunisia. One way of mitigating
variable rainfall in rainfed agricultural
farming systems is to provide supplemental
irrigation during periods of moisture stress.
Data from ICARDA show that water use
efficiency under supplemental irrigation is
twice as high as in fully irrigated or rainfed
regimes.

Similarly, research has focused on how best
to modify traditional systems to reduce the
pressure on rangelands. Options include:

= Barley/ livestock systems
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= Rangeland/livestock versus
confined feeding.

5.6. Conservation agriculture

Conservation agriculture — which maintains
the productivity of ecosystems — is an
important innovation for the fragile
ecosystems of dry areas. Zero tillage,
minimum tillage, and raised-bed planting
have shown considerable promise in
ICARDA'’s collaborative projects in
Kazakhstan. Zero-till direct sowing is in use
around the world. It involves minimum soil
disturbance, stubble retention and crop
rotations (especially with legumes and
oilseeds). The benefits include:

e savings in time, fuel, machinery
wear
better soil structure
soil-water dynamics (OM, porosity)
improved trafficability — timely
sowing
higher yield potential
e |ess erosion.

5.7. Diversification and sustainable
intensification of production systems

Diversification of agricultural systems and
value-added products can greatly contribute
to reducing risk and generating income, thus
helping particularly small farmers to move
from subsistence to sustainable livelihood.
For example, indigenous fruits, such as
olives, date palm, almonds, figs and
pomegranate, are an important source of
vitamins, protein and calories, especially for
children and women, and especially in
famine periods. Fitting targeted fruit trees
and vegetable crops in the cropping systems
can greatly help in improving livelihoods.
Another important example is protected
agriculture, which provides multiple
benefits: diversifying production and diets,
generating income and improving water use
efficiency. This has been tested and
disseminated in several countries of the
Arabian Peninsula, as well as in
Afghanistan and Yemen. In Yemen, with



the use of protected agriculture, it has been
possible to both conserve the mountain
terraces and increase farm income by
diversifying into vegetable production in
plastic houses.

5.8. Socio-economic and policy research

The work in ICARDA’s Socio-Economic
and Policy Research Program adopts an
integrated approach, working closely with
all research programs. It also focuses on
analysis of poverty, livelihood strategies
and gender. Impact assessments are one of
the tools used to measure the quality of
research interventions and these are
combined with studies of markets, policies,
institutional needs, etc. A key part of the
ICARDA approach is to include natural
resource economics, which often means
natural resource valuations.

Successes from socio-economics and policy
research include:

= New methodology for poverty
mapping - combines financial and
environmental indicators (as seen
above);

= Building impact assessment culture
(as we will see below);

= Frameworks and methodologies for
assessing adoption and impact of
technologies at various scales;

= New approach to analyze on-farm
water use efficiency;

= Providing policy options to decision-
makers in countries throughout dry
areas to ensure sustainable use of
natural resources.

Impact assessment: ICARDA has always
sought to monitor and quantify the impact
of its research at household and farm levels.
In 2005 and 2006, ICARDA was ranked
highest among all Centers for its
commitment to an impact assessment
culture. We were third highest in 2007 and
highest overall for the three year average.
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5.9. Capacity development

National agricultural research systems in
developing countries are often limited by a
shortage of trained, skilled staff. ICARDA
therefore places great emphasis on capacity
building. We offer a range of opportunities:
support for Masters or PhD degrees, short-
term specialized courses, internships,
collaborative projects, participation in
research conferences etc. Over 600
postgraduate students, interns and research
fellows have done theses research at
ICARDA. Advanced institutions have co-
supervised MSc and PhD students. To date,
over 16,200 researchers, students and
development workers have benefited from
various types of non-degree training
programs, in 825 group courses and
individual training opportunities. The
curricula for training courses are tailored to
NARS'’ requests. The emphasis is on hands-
on training that can be put to immediate use.
In addition to agricultural science, training
programs also cover vital areas such as
database management, website
administration, and science publishing.

Other examples of capacity building include
technical support for upgrading IT
infrastructure, developing ‘virtual libraries’,
and improving information access through
the use of modern ICT tools.

5.10. Community approach

ICARDA has always used a participatory,
community-driven approach. An example of
the community approach is typified by the
Mashreg/Magreb (M&M) Project on
“Developing Sustainable Livelihoods of
Agro-pastoral Communities of West Asia
and North Africa”. This successful project
really comprises five separate
projects/phases strung back-to-back since
1995 and funded by the International Fund
for Agricultural Development (IFAD) and
the Arab Fund for Economic and Social
Development (AFESD). The M&M project



blended science and technology with
socioeconomic studies to create a new
paradigm of allowing community
participation in the way we conduct our
research and in developing their action
plans for development following a
participatory approach. This approach has
expanded into participatory plant breeding
and many other areas of ICARDA’s current
work.

6. Conclusions and future trends

Our common goal is to ensure food security
in dry areas despite the various challenges —
including climate change, declining natural
resources, population growth and other
factors. It is widely accepted that
intensification of production systems will
have to be the primary means of increasing
agricultural production. To achieve this
objective, two areas are important:

1) Sustainable intensification through
expansion of conservation technologies:
good agricultural practices, sustainable
water use and management, integrated
production systems and diversification,
integrated pest management, integrated
plant nutrient system, no till / conservation
agriculture, urban and peri-urban
agriculture, organic agriculture.

2) Increasing productivity of marginal lands
through the development of integrated
livestock/ rangeland/crop production
systems.

Policy makers in dryland developing
countries must consider several key factors:
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« Food and feed insecurity are vital
issues. Many poor countries have
economies based on agriculture, yet
many of these countries are net food
importers.

» Rural poverty is widespread; the
majority of poor are in rural areas.
Widening income inequality and
rising food prices are matters of
great concern.

« Natural resources are scarce, with
significant degradation.

» Climate change is occurring and is
having implications for agriculture —
more drought and temperature
extremes.

» The share of public spending
allocated to agriculture is declining.
This will have severe and long-term
consequences.

» Public awareness of the long term
benefits of conservation
technologies are important and
incentives should be provided to
farming communities to demonstrate
and realize these benefits for
sustainable food security.
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Abstract

What are the roles of science and
technology in dryland development, and
how can we enhance the practical
functionality of science and technology to
develop drylands? Dryland science and
technology can be defined as "'science and
technology that contribute to maintaining
and improving the sustainability of the
nature-society system in drylands™. The
major roles of dryland science and
technology should be to support rational
decision-making based on scientifically
accumulated knowledge and use newly
developed technologies to solve problems
in drylands. We suggest the following
three important future tasks: (1) Establish
global networks for dryland studies to
share common perspectives in prioritized
topics of dryland studies, identify research
equipment and facilities in the world, and
enhance outreach efforts for conveying
research results to policymakers and the
general public; (2) Enhance the linkages
between dryland science and on-the-
ground practice. In this context good
relationships between academic society
and international cooperation
organizations (e.g., JICA, the Japan
International Cooperation Agency) is
necessary to make the best use of new
knowledge and technology; (3) Develop
human resources. For this purpose, it is
important to make use of international
academic networks such as the Global
Network of Drylands Research Institutes
and the ‘Central and West Asia and
North Africa Plus Partnership’
(CWANA ) Plus) to develop young
scientists and others who can who can
work effectively to combat desertification
while enhancing their careers in dryland
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scince —related international organizations
and foreign institutions.

1. Introduction

The Ninth International Dryland
Development Conference provides unique
platform for exchange of views on dryland
issues because of its interdisciplinary nature,
international participation and a long history
of its parent organization - the International
Dryland Development Commission. Thus,
the Conference provides excellent
opportunity to discuss the modality and way
of furthering of the dryland science. The
Arid Land Research Center of the Tottori
University published in 2007 a book titled
“Dryland Science in the 21st Century:
Sustainability of Nature and Society”.
Basing on the coverage in that book, | would
like to discuss here about the status of
dryland science and modality of enhancing it
by answer such questions as: How do we
define dryland science? What is the role of
science and technology in dryland
development? How can we enhance the role
of science and technology to make it useful
for dryland development?

2. Relationship between science and
society

I would like to start by pointing out an
important change that has currently been
occurring regarding the role of science in
society. There is an increasing shift from
‘science for the sake of science’ to ‘science
in the service of the society’. This change
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can be attributed to the growing concern
about the future of humanity on Earth.

In July 1999, the World Conference on
Science, organized by UNESCO and ICSU
in Budapest, marked a turning point for the
academia when the mission of science was
reexamined by scientists themselves. The
Conference adopted a ‘Declaration on
Science and the Use of Scientific
Knowledge’ and the ‘Science Agenda
Framework’ as a new commitment of science
for the twenty-first century. It was motivated
by the growing concern about the
environment in the future, and it emphasized
that “The sciences should be at the service of
humanity as a whole, and should contribute
to providing everyone with a deeper
understanding of nature and society, a better
quality of life and a sustainable and healthy
environment for present and future
generations” (World Conference on Science
1999).

The participants of the Conference agreed
that science in the twentieth century had
been developed based on the concept of
‘science for knowledge’ and although its
achievements provided various benefits to
the society, they were accompanied by
several negative effects as well, such as the
environmental degradation and problems
associated with it. The academic community
recognized the urgent need for a change in
the way science was deployed if the crisis
had to be avoided. It was resolved that the
science and technology in the twenty-first
century would have to contribute to solving
those negative issues, otherwise it would lose
trust and support of the society. The
Declaration proclaimed new concepts of
‘Science for Peace’, ‘Science for
Development’, and ‘Science in Society and
Science for Society’ adding to ‘Science for
Knowledge, Knowledge for Progress.” The
concept ‘Science in Society and Science for
Society’ merits particular attention.

In the subsequent ‘Conference of the
World’s Scientific Academies’, held in 2000
in Tokyo, the scientific and technological

community was requested to promote the use
of existing knowledge more widely and
effectively, to generate new knowledge and
beneficial technologies, and to work with
governments, international organizations and
the private sector to promote a worldwide
transition to sustainability (World’s
Scientific Academies 2000). And this has led
to the emergence of the ‘Sustainability
Science.’

3. Sustainability science

In parallel with the increasing recognition of
the importance of sustainable existence of
human beings and nature through sustainable
development, there started an associated
movement on the part of scientists. A
‘Synthesis Workshop on Science and
Technology for Sustainable Development’
was held at Mexico, just before the 2002
World Summit on Sustainable Development
(WSSD) at Johannesburg. The Workshop,
held on May 20-23, 2002, was organized by
the “Initiative on Science and Technology for
Sustainability’, the Third World Academy of
Sciences (TWAS), and the International
Council for Science (ICSU) to prepare
documents for WSSD events.

In the WSSD itself, a side event on ‘Science
and Technology for Sustainable
Development’ was organized by TWAS,
ICSU and other partners. The document
tabled at the event (ICSU 2002) declared
that, “Enhancing the S & T Community’s
capacity to contribute to sustainable
development will require significant changes
to the current scientific and technological
agendas. The S&T Community is committed
to implement the necessary changes through
the development of appropriate partnership.
These changes include: more policy relevant
science; broad-based, participatory
approaches; long-term perspectives; new and
traditional technologies and capacity
building in science and technology.”

In this context, academies started to
recognize the need for science to contribute
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to sustainability. Kates et al. (2001) stated,
“A new field of sustainability science is
emerging that seeks to understand the
fundamental character of interactions
between nature and society and to encourage
those interactions along more sustainable
trajectories. Such an integrated, place-based
science will require new research strategies
and institutional innovations to enable them
especially in developing countries still
separated by deepening divides from
mainstream science. Sustainability science
needs to be widely discussed in the scientific
community, reconnected to the political
agenda for sustainable development, and
become a major focus for research.”

The National Academy of Sciences of the
United States of America published on July
8, 2003 its Proceedings under the title
‘Science and Technology for Sustainable
Development Special Feature’ providing an
overview of future targets and challenging
subjects toward sustainable development,
focusing on several case studies. In that
issue, Clark and Dickson (2003) wrote, “In
seeking to help meet this sustainability
challenge, the multiple movements to
harness science and technology for
sustainability focus on the dynamic
interactions between nature and society, with
equal attention to how social change shapes
the environment and how environmental
change shapes society. These movements
seek to address the essential complexity of
those interactions, recognizing that
understanding the individual components of
nature-society systems provides insufficient
understanding about the behavior of the
systems themselves. They are problem-
driven, with the goal of creating and
applying knowledge in support of decision
making for “sustainable development.”

4. Dryland science and sustainability
science

According to Millennium Ecosystem
Assessment (2005), drylands cover about
41% of Earth’s land surface and are
inhabited by more than 2 billion people.
People living in drylands face many

challenges. They tend to have the lowest
levels of human well-being, including the
lowest per capita GDP and the highest infant
mortality rates. In addition, drylands
experience highly variable environmental
conditions, particularly frequent drought
events. Approximately 10-20% of the
world’s drylands are degraded. Thus, it is
important to contribute to solve these
dryland problems using the capacity of
science and technology.

It is pertinent to ask: What roles can science
and technology play in dryland
development? How can we enhance the
function of science and technology to
facilitate dryland development? Here, |
suggest that dryland science and technology
should be defined as the science and
technology that contribute to maintaining
and improving the sustainability of the
nature—society system in drylands
(Tsunekawa 2007). The major role of
dryland science and technology should be to
support rational decision-making based on
scientifically accumulated knowledge and to
provide alternative solutions based on newly
developed technologies that solve dryland
problems.

Considering the development of
sustainability science in the academic
community, the dryland science has to
adopt new paradigm. Firstly, it is necessary
for the dryland scientists to enhance the
linkage and cooperation with the society,
because they are required to contribute to the
welfare of the society and the mankind. At
the same time, the dryland scientists have to
make their best efforts to gain trust of the
society. Secondly, the society would expect
the dryland science to contribute towards
sustainable development. Therefore, the
dryland science should consider maintaining
and improving sustainability of the nature-
society system as its main objective, and
organize its research agenda based on this
recognition. At the same time, it is
necessary to examine new issues such as:
How can the research achievements obtained
by the dryland scientists be disseminated to
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other stakeholders in the society including
policy makers, enterprises, NGOs and
citizens? How can the dryland scientists
cooperate with the people working at the
grass root level for sustainable development?
Thirdly, the major role of dryland science
and technology can be to support rational
decision-making based on scientifically
accumulated knowledge and to provide
alternative solutions, based on newly
developed technologies, to the problems that
pose challenge to drylands. The dryland
science has to include, on one hand,
fundamental research to clarify the
mechanisms and processes occurring in
nature and society in the dryland areas, and
on the other the applied research to
contribute directly towards conservation and
improvement of sustainability of the nature-
society system in dryland.

Assuming the contemporary position of
dryland science as described above, |1 would
like to suggest the framework for new
paradigm of dryland science as follows:

e Firstly, the recent review on
sustainability science suggests that we
understand dryland as the nature-society
system, which consists of a society-
based subsystem and a nature-based
subsystem, and capture a comprehensive
vision by giving greater importance to
the dynamic interaction between them
(Fig. 1).

Secondly, the dryland science should
have both basic and applied science
agenda. Basic dryland science should
aim at understanding the mechanism of
human and nature interaction in the
drylands to clarify the processes behind
it. The applied dryland studies should
aim at improving the sustainability of
human and nature in the drylands.
Thirdly, some concepts used in
sustainability science like adaptation and
mitigation, sensitivity and vulnerability,
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Figure 1. Interactive nature-society
system in land system. (Source: modified
from Global Land Project, Science Plan
2004).
and collapse and resilience are useful to
understand processes in dryland. Applied
dryland studies are involved in undertaking
the diagnosis of the sustainability in the
target area, to present appropriate measures
based on the result of diagnosis and to
develop new measures and technologies to
give solutions to the problems in the area.
Taking medical science as metaphor,
dryland science may be divided into two
major components, ‘diagnosis’ and
‘curative measures’. ‘Diagnosis’ will clarify
the present status and problems of target
area, and help in developing the appropriate
‘curative measures’ (‘prescriptions’).The
diagnosis should cover ecosystem health,
poverty and human health. For developing
the ‘curative measures like prescription or
surgery’, it is of particular importance in
the dry areas to make use of the traditional
knowledge. As most of the drylands are
located in the developing countries, with
low income base, it is often difficult to
introduce expensive modern technologies. It
has also been observed that modern
technology proved effective in the short-
term, but failed to provide benefit in the
long run. Accordingly, the traditional
knowledge, accumulated over a long period
of time, is thought reliable especially in the
dryland areas.



5. Future tasks

For making dryland science effective in
meeting the challenges of sustainability of
human and nature, there is a need to take
several important measures. Firstly, it is
important to establish global networks for
dryland studies to share common
perspectives in prioritized topics of dryland
studies, identify sites having the needed
research equipment and facilities in the
world, and enhance outreach for conveying
research results to policy makers and the
general public. Secondly, it is important to
enhance the linkage between dryland
science and on-the-ground practice. In this
context, it is essential to have good linkage
between academic society and the
international cooperation organizations,
such as Japan International Cooperation
Agency (JICA) in the case of Japan, in order
to ensure that the new knowledge and
technology developed by research
institutions is made use of for the benefit of
the society by the cooperation agencies.
Thirdly, there is a need for strong human
resource development program to meet the
research and development needs of the
dryland areas. For this purpose, it is
important to make use of international
academic networks such as GNDRI (Global
Network of Drylands Research Institutes)
and ‘CWANA Plus Network’ to develop a
new generation of individuals who can
effectively work and enhance their career in
international organizations and research
institutions involved in dryland science and
in combating desertification.
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Abstract

Changes in atmospheric chemistry
appear to mask land degradation in sub-
Saharan Africa (SSA). We analyzed the
vegetation observed from space as well as
climate data from 1982 — 2002. A
significant improvement in biomass was
seen on 30% of SSA and a decline on
about 5%. Global changes in atmospheric
chemistry are likely responsible for
increases in vegetation productivity and
this masks anthropogenic land
degradation processes such as land
conversion, over grazing and soil
degradation. A re-analysis of the
vegetation productivity dynamics, taking
into account atmospheric fertilization,
suggests that 7 times more than the area
of actual productivity decline is affected
by land degradation processes that are
masked by atmospheric fertilization.
With this rate of surreptitious loss of vital
land attributes and with the current rate
of population growth (3%), the SSA
subcontinent may soon lack the land
resources necessary for economic
development.

1. Introduction

Land is central to development in sub-
Saharan Africa (SSA) as the livelihoods of
about 60% of the population are dependent
on agriculture (Moyo 2000). With
population pressures increasing and the low
investments in land conservation, the future
health of the land is in question (Vlek
2005). Degradation of this terrestrial
ecosystem (Millennium Ecosystem
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Assessment 2005) sets in when the
ecosystem services, notably the primary
production services, are persistently reduced
or lost (Safriel 2007; Katyal and Vlek 2000;
Reynolds et al. 2002). Assessing land
degradation based on this definition in its
spatial and temporal extent continues to
pose a challenge. Climate change or other
natural events may lead to land degradation,
but the phenomenon is mainly due to the
interaction of the land with its users.
Separating human-induced land degradation
from that caused by natural processes adds
complexity to the assessment but is
important for developing mitigation
strategies.

A better understanding of the extent and
nature of human-induced land degradation
remains imperative, but quantitative data on
land degradation as defined above for SSA
is scarce (Vlek et al. 2008). Early land
degradation assessments have focused on
the soil aspect of land degradation (Safriel
2007), e.g. the Global Assessment of Soil
Degradation — GLASOD- project (Oldeman
et al. 1990). These studies used an expert-
based approach that offered a snapshot of
the situation in the late 1980°s but failed to
capture the dynamics of the process. The
study is now rather outdated. More recently
a number of land degradation assessments
using remote sensing technologies have
been published. These studies tried to infer
land degradation from the long-term
relationship between vegetative productivity
and weather dynamics. Most of these dealt
with the dynamics of desertification
processes in arid and semi-arid areas (Prince
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2004; Herrmann et al. 2005; Wessels et al.
2004; Wessels et al. 2007), but most
recently an analysis was done of all of SSA
(Vlek et al. 2008).

2. Remote-sensing based land
degradation assessment

A wide variety of remote sensing products
are now available, some of them dating
back more than 20 years, providing a long
enough track record to capture the dynamic
aspects of the land degradation process in
terms of primary productivity. Combined
with global data on climate, topography,
soil, land use and human demographics, the
remote sensing data allows for further
analysis of the underlying causes and
processes (Vlek et al. 2008). This study
makes use of remote sensing databases that
are sufficiently long-term and with frequent
enough data sampling to provide
longitudinal datasets to identify areas where
land degradation is occurring and remedial
measures are needed or where land is
relatively stable or even improving.

Land degradation expresses itself as reduced
biological activity (Millennium Ecosystem
Assessment 2005; Safriel 2007; Reynolds
and Smith 2002) reflected in above ground
net primary production (NPP). The most
common remote-sensing derived indicator
associated with vegetation productivity is
the Normalized Difference Vegetation
Index (NDVI), best described as a relative
measure of vegetation vigour and
photosynthetic activity. NDV1 is strongly
correlated with NPP and is often used to
estimate NPP at large spatial scales and as a
tool for monitoring temporal changes in
vegetation (Field et al. 1995; Prince and
Goward 1995). We performed a spatial
regression analysis between mean annual
NPP and NDVI (1982 — 2000) across
different biomes of SSA and found a strong
linear relationship between the two
parameters (R? = 0.816, p < 0.001). This
study firstly utilized monthly composite
NDVI data (1982-2003) to assess the spatial
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and temporal patterns of land productivity.
The long-term persistent decline in NPP (as
indicated by NDVI) reflects land
degradation. Subsequently, in a step-wise
approach we correlated the long-term
decline in NPP to rainfall, land cover and
land use and population density to identify
areas of human-induced land degradation in
SSA and assess their true extent.

To analyze long-term trends in green
biomass changes over the SSA
subcontinent, we processed a time-series
NDVI product spanning from 1982 to 2003
from the Global Inventory Modeling and
Mapping Studies (GIMMS), published by
the Global Land Cover Facility (GLCF)
(Tucker et al. 2005). The NPP trend for
every pixel (8 x 8 km?) was measured by a
linear slope of NDVI over time. A pixel’s
NPP trend (improving or declining
vegetation productivity) was considered
meaningful if the NDVI slope coefficient
was statistically significant (p < 0.1) and the
NDVI net change was at least 10% of the
initial status (1982) over the 22 years.

Above-ground NPP has been shown to
increase with increasing annual
precipitation (Huxman et al. 2004), and
indeed the relationship between rainfall and
NDVI1 is often used to differentiate between
human-induced and climate-induced land
degradation where any NDVI trends not
explained by rainfall dynamics are ascribed
to human actions (Herrmann et al. 2005). To
distinguish human-induced biomass trends
from climate-driven vegetation dynamics,
we excluded those pixels that exhibited a
strong biomass response to inter-annual
rainfall variation. We extracted annual
rainfall data for the period 1982-2002 from
the Climatic Research Unit (CRU) dataset
(Mitchell and Jones 2005). For every pixel,
we calculated the Pearson’s correlation
coefficient between annual NDV1 and
rainfall over the period 1981 - 2002 and
used the coefficient to determine areas of
different NPP-rainfall relationships. The
vegetation dynamics of a pixel was



considered rainfall dependent if the
correlation between NDVI and rainfall was
statistically significant and its absolute
value was more than 0.45. NPP changes for
pixels in accordance with rainfall (positive
correlation) were considered due to climate
change or variation. Pixels with NPP not
affected by rainfall (no or negative
correlation) were interpreted as areas where
green biomass (NDVI) changes had to be
explained by other drivers, and was possibly
human-induced.

The sensitivity of NPP to human
interference or rainfall variation is
substantially different across biomes
(Huxman et al. 2004). To account for this
effect, we stratified SSA into four
precipitation zones: Arid (MAP < 500
mm.year™), Semi-arid (500 mm.year™ <
MAP < 800 mm.year™), Sub-humid (800
mm.year” < MAP < 1300 mm.year™) and
Humid (MAP > 1300 mm.year™) using
mean annual precipitation (MAP) for the
period 1981 — 2002.

The NPP trend analysis shows that some of
the most significant changes in NPP were
found for areas of low primary productivity.
These areas lie in the dryer parts of SSA
where NPP are very small to begin with.
Small changes in absolute NPP values
constitute large changes in relative terms in

these dry biomes. To take a closer look at
these regions, we expressed overall change
in NPP for the 22-year period as a
percentage of what it was at the onset
(1982). The areas that experienced a
significant NPP change (p < 0.1), exceeding
10, 15, 20 or 25% of the baseline value in
1982 are summarized in Table 1. The areas
of significant NPP decline are only a
fraction of the area improving in NPP.
Before offering an analysis of the decline in
NPP, an interpretation of the widespread
improvement is offered.

3. Improvements in NPP and
atmospheric fertilization

The extent of declining, improving or stable
NPP within each rainfall zone was
calculated. The geographic distribution of
the areas with long-term biomass
improvement is shown in (Fig. 1) A large
proportion of the improving areas are found
in the arid zone such as the Sahel and Horn
of Africa regions as well as parts of
Botswana, designated in blue. These are
areas that are responsive to improved inter-
annual rainfall and are largely confined to
zones with less than 500 mm annual
precipitation. This phenomenon has recently

Table 1. Areas that experienced a significant change® in NDVI between 1982 and 2003 in
excess of 10, 15, 20 and 25% of the NDVI value in 1982®).The total land surface of SSA is 21.4

Declining Area % of Improving Area % of
biomass (km?) SSA biomass (km?) SSA
dNDVI < - 10% 1,112,510 5.20 dNDVI > 10% 6,505,916  30.42
dNDVI < - 15% 542,334 2.54 dNDVI > 15% 4,382,136 20.49
dNDVI < - 20% 212,355 0.99 dNDVI > 20% 2,787,707 13.04
dNDVI < - 25% 80,005 0.37 dNDVI > 25% 1,781,628 8.33

% The NDVI slope (A) is significant at p < 0.1

® The magnitude of the relative change in NDVI over 22 years (dNDVI) in which NDVI in
1982 is the baseline: dNDVI = Ax21x100/NDVIgg, Where A is the linear slope of inter-annual

NDVI for the period 1982-2003.
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Figure 1. Geographic extent of areas with improving NPP and different vegetation-rainfall
relationships for the period 1982 — 2002. The bold black lines are the 500 mm.year™ isohyets

averaged for the same period.

been reported in the literature as the
“greening of the Sahel” (Olsson 1993,;
Prince et al. 1998; Tucker and Nicholson
1999; Eklundh and Olsson 2003; Olsson et
al. 2005) and reflects the gradual recovery
from the early eighties’ drought.

The improvement in NDVI in the remaining
areas (mostly green) in (Fig. 1) cannot be
attributed to rainfall trends as no such
correlation could be established for this
region. The greening of these areas,
representing 23.5% of the SSA land mass,
may plausibly be related to the change in
atmospheric composition, both in terms of
CO, (Grace et al. 1995; Phillips et al. 2004,
Lewis et al. 2004; Kdrner 2000; Long et al.
2004; Nowak et al. 2004; Norby et al. 2005;
Ainsworth and Long 2005; Long et al.
2006; Boisvenue and Running 2006) and
NOy (Phillips et al. 2004; Lewis et al. 2004;
26 Laurance et al. 2004), (Boisvenue and
Running 2006; Reay et al. 2008; LeBauer
and Treseder 2008). An overall positive
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response of vegetation productivity to rising
levels of atmospheric CO, due to a stimu-
lation of photosynthesis has been
established elsewhere (Grace et al. 1995;
Nowak et al. 2004; Norby et al. 2005;
Boisvenue and Running 2006). Elevated
atmospheric CO; has also been shown to
improve active-tissue quality in plants,
yielding smaller C/N ratios (Kdérner 2000].
An additional explanation may be the
increasing NOy load of the atmosphere over
SSA causing an increase in reactive
nitrogen (N) deposition (Dentener 2006;
Galloway et al. 2004; Reay et al. 2008;
LeBauer and Treseder 2008). Recent
experiments indicate that an increase in N
deposition enhances carbon sequestration
(LeBauer and Treseder 2008; Adam et al.
2005; Hagedorn et al. 2005). Ecosystem-
level observations across Western Europe
and North America demonstrated a high
positive correlation (R* = 0.97) between
average carbon sequestration and wet N
deposition (Magnani et al. 2007). A recent
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study showed that most terrestrial
ecosystems are N limited with an average
response of NPP to supplied N of 29% and
the strongest N control of NPP is found in
tropical forests (LeBauer and Treseder
2008). Atmospheric fertilization at a rate of
0.63 + 0.31 Mg ha* yr over the past 4
decades was recently also reported for
closed-canopy tropical forest sites in Africa
(Lewis et al. 2009). Thus, the observed
improvement in NPP in SSA is likely due to
atmospheric fertilization.

4. Actual NPP decline

The actual area with sustained decline in
NPP of at least 10% over the observation
period of 22 years amounts to 1.11 million
km? (Table 1). Of this area, 93% is not
affected by inter-annual shifts in rainfall
and is likely to reflect the human impact on
vegetation. In addition, some 5% of the
1.11 million km? shows a negative
correlation with rainfall and a declining
NPP. These areas are of particular concern.
The remaining 2% are areas with
decreasing NPP but with a significant
positive vegetation-rainfall correlation
where any human-induced degradation
processes may not be discernable.
Similarly, in regions that are greening due
to improved rainfall, some land attributes
such as the soils may be degrading without
this being reflected in NPP. As it stands, the
step-wise analysis suggests that some 5% of
the SSA land surface (1.09 million km?) is
experiencing a human-induced decline in
NPP affecting at least 29 million people
(Fig. 3a). A more detailed analysis of such
findings in which the areas in decline are
related to land quality, land use and human
pressure on the land provides further
insights that will help guide policy makers
in mitigation and conservation matters
(Vlek et al. 2008).

5. The benefits of atmospheric
fertilization

We estimated the spatial extent of declining
NPP for the hypothetical case that the
atmospheric composition had remained
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stable. The actual change in vegetation
productivity (ANDVI,/dt = slope
coefficient-A) can be considered the net
balance between the partial changes caused
by human activities (ANDVIyyman/dt) and
those caused by natural processes
(ANDVlpaturai/dt) as shown below:

dNDVIact/dt = dNDVIhuman/dt +
dN DVInatura|/dt

Positive values for dNDV I para/dt can be
due to environmental change such as
improved rainfall or atmospheric
fertilization and positive values for

dNDV lpyman/dt can be related to
aforestation, exclusion zones or soil
remediation. Having excluded the areas
with rainfall-related increases in NDVI, we
sought to quantify the effect of atmospheric
fertilization on the dynamics of vegetation
productivity over time. To eliminate the
compensatory effect of atmospheric
fertilization we calculated the component of
declining NPP trends that have been
masked by this fertilization effect for each
rainfall zone. To avoid confounding with
human activity or shifts in weather, only
57983 pixels in pristine regions with no
human disturbance and lacking significant
NDV I-rainfall correlation were considered
(Fig. 2). The rate of NPP improvement for
these areas as expressed in the average
NDVI-slope (ANDVI,/dt = A) was ascribed
to atmospheric fertilization.

The baseline slope values of biomass
accrual in those pristine lands for each
climate zone were subsequently used as a
new baseline to re-calculate the trend of
NDVI over the 22-years period. The
baseline slope values of biomass accrual
were 0.0012, 0.0025, 0.0028 and 0.0036 for
the arid, semi-arid, sub-humid and humid
zones, respectively. We then re-calculated
the time-series of NDVI decline against
these new baselines and delineated the areas
that would have experienced significant and
sustained loss in NPP had the atmospheric
chemistry not changed. The spatial extent is
shown in (Fig. 3b) and covers around 41%



of SSA instead of the 5% actually showing
a human-induced decline in NPP. The
actual extent of the degrading territory
would diminish under both scenarios if the
criteria for degradation were tightened; e.g.
to require more than 10% decline over the
22-year period (Table 1). Either way, the
chemical pollution of the atmosphere has
obviously had a beneficial effect in
sustaining NPP over wide areas of SSA that
would otherwise have experienced a
significant decline. The down-side of this
phenomenon is that atmospheric
fertilization is compensating for the
degradation of land attributes that would
otherwise have caused a decline in NPP
such as soil degradation or deforestation
that thus go undetected. The distribution of
the degrading areas among the different

types of land covers are summarized in
Table 2 for each scenario. The areas where
degradation processes are masked by
atmospheric fertilization cover around 2
million km? in the mosaic
woodland/shrubland, 1.4 million km? in the
grasslands, 1.2 million km? for agricultural
areas and 0.9 million km? for dense forest.
The population affected by underlying land
degradation processes increased from 29
million people to 276 million when
atmospheric fertilization was taken into
account. With the surreptitious loss of vital
land attributes at this rate and with the
current rate of population growth (3%), the
SSA subcontinent may soon lack the land
resources necessary for economic
development.

1S

No human disturbance - No correlation
~ ] 1-Arid
| 2-Semiarid
[ ] 3-Subhumid
B 4- Humid
No Data
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Figure 2. Areas across different precipitation z

ones free of human disturbance, and with no

significant correlation between annual NDVI and rainfall during the period 1982-2002.

Improvement in productivity in these pixels, if

109

any, is likely due to atmospheric fertilization.
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Figure 3. (a) Geographic extent of actual human-induced degradation in green biomass from
1982 to 2002. (b) Geographic extent of human-induced NPP decline in the same period after
correction for atmospheric fertilization. The bold black lines are the 500 mm.year™ isohyets
averaged for the same period.

Table 2. Extent of land degradation in various rainfall zones of SSA estimated with and without
accounting for atmospheric fertilization. Numbers within the parentheses are the area
percentages compared to the SSA’s land surface.

Areas of human-induced degradation (km?)

Degradation masked by
atmospheric fertilization
(i.e. WITHOUT - WITH)

Land use/cover With atmospheric Without atmospheric
fertilization (WITH) fertilization (WITHOUT)

Dense forest 71,172 (0.3) 1,006,333 (4.7) 935,161 (4.4)
Forest/savanna 54,462 (0.3) 430,470 (2.0) 376,008 (1.8)
Forest/crop 57,281 (0.3) 379,008 (1.8) 321,727 (1.5)
Woodland/shrubland 513,028 (2.4) 2,526,081 (11.8) 2,013,053 (9.4)
Grassland 154,239 (0.7) 1,534,982 (7.2) 1,380,743 (6.5)
Agriculture 173,502 (0.8) 1,373,761 (6.4) 1,200,260 (5.6)
Others 61,698 (0.3) 1,581,373 (7.4) 1,519,675 (7.1)
Total 1,085,382 (5.1) 8,832,008 (41.3) 7,746,626 (36.2)
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6. Future prospects

This assessment can only be seen as a first
approximation, and the maps and
assessments made here need verification in
the field. The analysis, in essence, is as
good as the underlying databases. However,
as better data becomes available the
analytical framework proposed here allows
for easy substitution of this information and
rapid generation of a new assessment. As it
stands, the following conclusions can be
drawn:

(1) In the absence of any instruments for
monitoring the rate of land degradation on
the ground in SSA, satellite-based systems
offer the best hope for tracking the state of
this vital natural resource on this vast
continent. A systematic research effort

should be made to verify the validity of
the findings reported here and to refine the
analytical tool and interpretation of the
results.

(2) The current mapping exercise can be
used to identify application domains, areas
with common climatic, vegetation,
physiographic and soil and land use
characteristics that appear to be threatened
by human-induced land degradation.
Sustainable land management options can
then be targeted for these regions that will
maximize social benefits from the use of the
land.
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Abstract

The paper presents a few considerations
on sustainability and global change,
before focusing more specifically on
desertification and dryland development
in the context of global change. It
highlights global issues and challenges
concerning the future of agriculture,
through three entry points —
multifunctionality of agriculture,
dependence of agriculture on
environment, and the role of agriculture
in tackling hunger and poverty - keeping
drylands and desertification as central
focus.lI

Introduction

There are three major points that concern
the future of global agriculture. The first is
the multifunctionality of agriculture. The
second relates to the fact that agriculture is
closely linked to the environment in its
broadest sense. The third relates to the fact
that removal of hunger and poverty is a
global concern and collective responsibility
and agriculture has a major role to play in
achieving this.

There has been in the recent times a
renewed emergence of agricultural priorities
on the international agenda, associated with
the recognized multifunctionality of
agriculture for food and fiber production,
for sustainable management of all services
generated by ecosystems, for economic,
social and cultural development, for income,
nutrition, quality of life, etc. This
emergence of renewed priority preceded the
recent food crisis, and was substantially

bolstered by it. The negative externalities of
agriculture have also been recognized,
especially by IAASTD, whether it is
environmental degradation, or detrimental
effects on human health or issues of poverty
and social exclusion. The agricultural
multifunctionality concept has been debated
for long and has finally been recognized as
relevant. The working definition proposed
by OECD associates multifunctionality with
the existence of multiple commodity and
non-commodity outputs that are jointly
produced by agriculture, some of the non-
commodity outputs being externalities or
public goods, mostly out of markets. This
concept is obviously of interest for drylands
and desertification.

The second important issue is that the future
of agriculture is linked with external factors
that make up its environment. This
especially concerns global changes in
general and climate change that seems to be
accelerating; also the economic shocks
(sharp rises/drops in agricultural product
prices, financial crises, which are likely
preludes to a global economic meltdown);
population changes (population growth,
demographic transition, urban/rural
population ratio); social and cultural
changes (especially changes in food habits);
present and future energy crises; ecosystem
transformation and losses; pollution, etc.
These factors have many impacts in terms
of public policies, two of which are
mentioned here. The first is the need to gain
further insight into global changes so as to
be able to foresee them — hence the
importance of public awareness on
ecosystem evolution and the importance of
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prospective studies, which are being
increasing conducted in the world. The
second is the need to reduce the rate of these
global changes and their impacts, and
especially to adapt to them — this is a major
role of agriculture overall, allthough
agriculture cannot be the only driver.

The third point, which is more classical, is
our collective obligation to feed the planet
and eliminate poverty. This has continued to
be crucial, but the food crisis has renewed
our approach, boosting public awareness on
the fact that poor urban and rural consumers
have both been hit, and also that agriculture
in rich and emerging countries has mainly
profited from the rising prices while,
contrary to what was generally claimed,
agriculture in poor countries has got little or
no benefit. There are still some major
questions that require consideration: How
will it be possible, and who will be able to
feed by 2050, some 3 billion urban poor
people living mainly in towns and cities of
developing countries? It implies that global
agricultural production will have to increase
by 75% by that time and that prices will
have to remain affordable for urban people!
How could persistent poverty, in particular
rural poverty, be alleviated? These
questions are also crucial for areas
threatened by desertification.

Of the many consequences arising out of the
three points mentioned above, two seem to
be prevalent and directly concern drylands:
1) We must, of course, adapt to global
changes and sustainably manage our
ecosystems and their services. This is a
scientific problem, as well as a national and
international public policy and governance
issue. 2) We have to evolve towards what
Thierry Gaudin, one of the leading French
prospective analysts, calls a ‘knowledge-
based biosociety’, by fostering knowledge
transfer and innovation processes. This is
also a scientific imperative.
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Some considerations about climate
change, sustainable development and
global change

Over the last 10 years, the overall question
of climate change and its impacts on
agriculture and desertification has been a
prime focus of often heated public and
governmental discussions. Climate change
is a facet of wider environmental and global
changes. As stated by Louise Fresco, “Many
of these global changes are a direct function
of the economic development pathways that
mankind has followed so far. And many of
the fastest changes take place in developing
countries, while at the same time some of
the poorer of these countries will be the first
to suffer. The relationship between climate,
global environmental change and economic
development is of great complexity”. There
is an urgent and crucial need to develop a
better understanding of this complexity.

Concerning the scientific challenge, Louise
Fresco also states that “There is nearly
unanimous agreement that human activities
cause effects that are of the same order of
magnitude and even exceed the natural
forces that regulate the Earth system.
Climate is only one of the subsystems of the
Earth system. As a consequence, climate
should not be seen as a subject on its own,
nor only in relation to the energy agenda or
limited to reducing CO; levels. Our efforts
to understand, mitigate and adapt to climate
change must be an integral part of our move
towards a sustainable society”. “We can
probably find common ground in the
thought that sustainability does not exist in
an absolute sense and that it is always a
matter of tradeoffs between various
alternatives with divergent long-term and
short-term effects. Hence sustainability is
both about being able to react to unexpected
fluctuations and to deal adequately with
negative effects, where they occur.
Sustainable development aims to minimize



human effects on the environment, to reduce
our dependence on the scarcer natural
resources and to close material and energy
cycles in production processes.”

In short, and although this is not mentioned
explicitly in the Millennium Development
Goals (MDGs), the relationship between
sustainability and development should be a
prime focus of our interest. This view of
interactions between sustainability and
global change is highly relevant when
applied to the development of drylands and
combating desertification.

Desertification and sustainable
development in drylands in the global
change setting

Land degradation currently has an impact
on 2 billion people, a third of the Earth's
surface, in around 100 countries worldwide.
Deforestation and desertification are
responsible for the degradation of
ecosystems and human well-being, leading
to loss of biodiversity, soil fertility and its
water-retention capacity. These phenomena
also increase soil erosion and reduce its
carbon storage capacity, while deteriorating
local inhabitants' living conditions and
increasing poverty. This environment and
development issue has a local and global
scope. Humans are the cause of
desertification but also its victim. Future
scenarios indicate that degraded land will
likely increase with population growth, food
and energy needs and the higher drought
risk due to global warming. If no remedial
measures are taken, living conditions for a
third of humankind will worsen to an
unbearable extent: food insecurity, health
risks, social destabilization, increased
poverty, forced out-migrations, etc.

Combating desertification and global
warming is far from being a purely
technical issue and is now recognized as
being heavily dependent on the policy
enabling environment, which very strongly
influences household wealth. Here lies the
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importance of scientific investment to
enhance ecosystem management and gain
greater insight into innovation processes,
and the interactions between sustainability
and development. These underlie the more
realistic public policy measures that are
discussed below.

1. Dissemination policies and programs:
They should inform and train farmers on
options to combat desertification and their
impacts on costs and risks. They should
promote classical land management options
for drylands, such as new agroforestry
systems, new ways of harvesting and
managing water, or combining organic and
inorganic sources of soil fertility, etc. They
should also focus on collective land
resource management practices, at
watershed or ecosystem levels, including
new ways of exchanging goods and
services between stakeholders, like
payment for environmental services.
Technologies should also impact food
security, climate change adaptation and
mitigation, biodiversity preservation, and
rural poverty alleviation. Practices based on
intensive agro-ecology and on sustainable
land management (SLM) principles, such
as conservation agriculture, have to be
generally used. Technology development
and dissemination policies and programs
should be multi-targeted, context-
dependent, and always promoted in full
cooperation with the land users.

2. Pricing and market policies: Policies
that influence the level and variability of
agricultural commodity prices also
influence land management investments.
Similarly, policies that influence the
availability and cost of agricultural inputs
also influence land management by altering
the production costs and input availability
and use. When markets are functioning well
and households have clear and secure land
tenure, policies that promote higher or more
stable commodity prices and input prices
promote investments in land management
by increasing the expected returns and



reducing the risks of such investments. With
imperfect markets and trade or unclear and
insecure tenure, which are very common in
drylands, farmers have limited or no
incentives to invest in land resource
management.

This is particularly important today with the
recent soaring food prices. Policymakers are
often tempted to subsidize seeds and
fertilizers in order to rapidly offset the
increase in agriculture input prices. Such
policies do not mean that the land will be
better managed, or that desertification will
be tackled more efficiently. They may
artificially boost the land productivity and
in turn hide the land degradation process
and the need to manage the land
ecologically. In other words, soaring prices
may negatively impact land management,
and finally reinforce the desertification
process in the medium and long run. This is
a major issue and a focus of diverging
opinions with respect to public policies
among regions and countries today.

3. Land tenure and land planning
policies: They have marked impacts on land
management. With land tenure insecurity,
farmers have less incentives to invest in
combating desertification. Policies that
undermine tenure security, such as periodic
land redistributions as used in some
countries, tend to slow down such
investments. In many cases, customary
tenure systems, which are common in dry
rangelands, provide good security for land
access and use, whereas titling programs
may undermine the advantages of traditional
systems. To tackle land tenure and land use
complexities, programs that integrate land
administration policies with land planning
and land management policies, as is the case
in Ethiopia, involving different categories of
public and private stakeholders as well as
farmers’ organizations, have to be
developed in a participative manner.

4. Social and sectoral policies and
program: Investments in infrastructure
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and education, promotion of non-farm
income activities, and food-for-work
programs, can have a substantial impact
on land management decisions, given
that many measures to combat
desertification are labor intensive. Here
again the multifunctional approach
comes in play. This approach requires a
careful review of various options with
the land users and other stakeholders,
scientists, the private sector, NGOs and
farm organizations: () to replace
damaging practices that local societies
have been obliged to use during stress
survival periods, and (b) to promote the
adoption of new ways to protect and
improve local livelihoods. Mobilization
and gender policies that facilitate the
empowerment of local people and
communities, reinforcing their control
and ensuring that they have safe and
fair access to resources, are of prime
importance. All land-related policies
have to be formulated, implemented
and monitored with the full
participation and control of the users
concerned.

5. National and international
strategies and investments to combat
desertification: Sectoral policies that
influence desertification control cannot
be applied separately, or only through
rural development programs. Therefore,
they must be embedded in national
development plans and strategies,
especially poverty alleviation strategies,
as well as in budgetary and investment
frameworks. They should be based on
the elimination of institutional,
legislative or infrastructure bottlenecks
that hamper sustainable land
management and should facilitate the
management of development projects
by stakeholders’ decision-making
processes.

Clearly, a set of consistent public
policies must be implemented, along
with high public investment in research,



information, infrastructures, water,
education, health, markets, etc. It
cannot be overstressed that the primary
responsibility of the governments of
countries crippled by desertification —
despite the fact that they are usually
poor — is to draw up, to negotiate with
stakeholders, to partially fund and to
implement global strategies.

Finally, official development assistance
(ODA) should have contributed to
financing these natural environment
restoration investments. However, it
has not been the case and over the last
20 years, this ODA, especially the share
allocated to agriculture and natural
environments, has decreased. There has
been an upturn in this trend, but the
situation is still very far from being
acceptable. International efforts to get
the global community involved in
supporting dryland restoration and
combating desertification have
generated minor results with respect to
the needs.

Conclusion

We have seen that public policies are
crucial for dryland development and
combating desertification in a setting of
peace, economic freedom and political
stability. Governments need to be tough
and courageous to be able to cope with
their lack of resources but also with the
huge crises affecting our planet,
economic and monetary crises, energy
crises, climate change, etc. As
scientists, we recognize our
responsibility and are working hard
towards fulfilling it. Governments, and
the international community, are
becoming increasingly aware of the
urgency and importance of our current
and future work towards sustainability
and global change, especially in
dryland areas.

Biology has, and will continue to have,
a key role in dealing with
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desertification problems. This science
enhances our understanding of
functional adaptation mechanisms
through different strategies, for instance
using breeding techniques to promote
adaptation to drought conditions,
improving water use efficiency by
modifying physiological mechanisms,
developing favorable interactions via
soil microorganisms (symbiosis), and
finally tapping the potential of
adaptation genes through comparative
genomics and biotechnologies.
Innovation is also a primary focus of
our research, as a complex process, but
also as a crucial condition for biological
progress to have impact.

We are all committed to fulfilling this task
together and in synergy, we scientists of
developed countries with our expertise
inherited from our long-standing
agricultural tradition, in partnership with
international agricultural research and its
centers, and in collaboration with the many
national research teams in this region that
are striving to develop their drylands and
combat desertification.
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Abstract

A new hope is at hand for successfully
overcoming desertification and
simultaneously improving the well-being
of people and communities in drylands —
particularly those living in ecologically
and politically marginalized areas.
Innovative livelihood strategies that are
minimally dependent on land
productivity — such as ecotourism, solar
power utilization, handicraft production,
brackish water aquaculture, etc. — have
the potential to reduce the pressure on
the fragile resource base in marginal
drylands. At the same time, these
strategies yield significantly higher
income per unit investment than
traditional land-based livelihoods. The
Sustainable Management of Marginal
Drylands (SUMAMAD) project has been
a systematic effort to understand these
‘alternative livelihood’ strategies and
apply them at nine demonstration sites
located in China, Pakistan, Uzbekistan,
Islamic Republic of Iran, Jordan, Syria,
Egypt and Tunisia. The significance of
policies in achieving integrated
management was realized early in the
project, and accordingly, clear policy
messages were developed and acted upon
at all sites. The site-specific work greatly
benefited from the active exchange of
knowledge between and excellent
collaboration among the researchers in
participating dryland countries. We
conclude that application of alternative
livelihoods must be central to approaches
used for reversing the downward
poverty-desertification spiral in marginal
drylands. The international community
must also support such efforts
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through focused policies and investment
of resources.

1. Desertification in marginal drylands —
the context

Desertification — persistent degradation of
land and loss of productivity in drylands
resulting from human and climatic factors —
is now recognized as one of the most
pressing global environmental challenges
(Adeel et al. 2007). Overall desertification
is attributed to the long-term failure to
balance demand for and supply of
ecosystem services in drylands (Adeel et al.
2005). The demands on dryland ecosystems
for providing services — including inter alia
food, forage, fuel, building materials, and
water for humans and livestock, for
irrigation, and for sanitation — have been
increasing significantly. Many factors
contribute to these demands: population
growth, economic policies and
globalization phenomena, land use patterns
and practices, and climate-related processes
like droughts and reduction in freshwater
availability due to global warming.

Typically, desertification causes changes to
biodiversity, decline in soil fertility,
reduced water availability and destruction
of vegetative cover. The impacts of a
number of the secondary biophysical
processes triggered by desertification are
observed at a global level (Sivakumar and
Stefanski 2007). The classic example is the
intercontinental dust storms which lead to
redistribution of nutrients and can
significantly degrade air quality. Historical
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observations since the 1970’s demonstrate a
significant increase in dust concentrations
from the Sahara and Sahel region moving
into North Africa and Europe (Prospero and
Lamb 2003); these trends will likely
amplify as global warming leads to a drier
North African and Sahara region. Similar
trends in dust storm increase have also been
noticed in China (Gaoming 2008).
Destruction of vegetative cover has also
been correlated to poor infiltration and
retention of water from heavy precipitation
events, leading to flooding in downstream
areas. Severe flooding in the Yangtze River
in China during the 1990’s is often cited as
an example of floods triggered by upstream
vegetation removal combined with extreme
rainfall events.

It is documented that many agricultural
development policies exacerbate the
desertification situation. Selective
production and export subsidies in
developed countries — particularly the
European Union and the United States,
which collectively spent over $300 billion
(in 2002) on their agricultural sectors — lead
to overproduction of many food crops in
those countries. The overproduction of
agricultural commodities skews
international food markets by driving down
prices and impairing the access for
producers in developing countries to
international food markets. A direct
consequence is that the livelihoods of food
producers in many poorer countries are
often seriously undermined (Adeel et al.
2005).

Similarly, large-scale irrigation, while
increasing agricultural yield in the medium
term, has often led to many environmental
problems, including waterlogging and
salinization, water pollution, eutrophication,
and unsustainable exploitation of
groundwater aquifers. Additionally, such
irrigation schemes also disconnect rivers
from their floodplains and other inland
water habitats, and lead to reduction in
groundwater recharge.
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Vulnerability of marginal dylands
Marginal drylands can be defined in two
ways, both definitions often converging in
the same geographical area. First,
marginality of drylands is defined in terms
of biophysical parameter, the most common
is the Aridity Index. [The long-term mean
of the ratio of an area’s mean annual
precipitation to its mean annual potential
evapotranspiration is the Aridity Index (Al).
Al value lower than 1 indicates an annual
moisture deficit, and the World Atlas of
Desertification (Middleton and Thomas
1997) defines drylands as areas with Al <
0.65]. Studies have shown that ecosystems
that exist at the margins of arid to semi-arid
are most vulnerable to desertification; these
typically correlate with margins of the
deserts (defined as hyper-arid regions with
Al values less than 0.05). Second,
marginality can also be defined in political
and social terms. This means that many of
the arid regions are considered to be non-
productive in terms of national
development, and result in lower
investment in infrastructure and
government-supported services. This type
of marginalization can lead severe impacts
on wellbeing of people, high poverty rates
and poor access to health and education
Services.

The ecosystems and people in marginal
drylands are particularly vulnerable — in
part because the population stress is often in
excess of the sustainable capacity of the
ecosystems. Faced with poverty and often
lack of adequate social structures, the
populations are vulnerable to abrupt
changes in conditions — such as those
brought by droughts. Addressing the
environmental and social issues in these
situations requires development of
approaches that are sensitive to the social
and settings and take into account the
biophysical limitations of the natural
systems. This paper explores
implementation of approaches to improve
the wellbeing of populations living in
marginal drylands, reduce their



vulnerability to climatic or economic

shocks, and protect the productive capacity

of these fragile ecosystems. We argue that
introduction of alternative livelihoods
achieves all three of these objectives.

2. Transforming policies and improving
land management

Successful amelioration of desertification in

marginal drylands requires both improved
local management of natural resources and
changes to policy approaches that promote
sustainability of ecosystem services. When
empowered adequately, local communities
in marginal drylands can often become the
key players in preventing desertification
and providing effective natural resource.
Essential empowerment means overcoming
the traditional limitations like lack of
institutional capacity, access to markets,
and financial capital for implementation.
Enabling policies that involve local
participation and community institutions,
improve access to transport and market
infrastructures, inform local land managers,
and allow land users to innovate are
essential.

The overall objectives of transforming
policies should include poverty alleviation,
improvement in overall human wellbeing,
effective restoration of ecosystem services
and increase in agricultural productivity.
We propose that the following six elements
must be included in policy transformations
at national and international levels:

a. Enable national development plans to
explicitly include investments in
marginal drylands. These policies
should focus on development of
essential infrastructure, provision of
health and educational services, and
enabling access to markets.

b. Maintain a focus on alternative
livelihoods in order to reduce the
stresses on natural ecosystems, while
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promoting secure, sustainable and
better-paying livelihoods.

c. Engage and empower communities
through development of social
institutions and by providing
technological and human capacity
development opportunities.

d. Incorporate traditional knowledge and
technologies into the overall
development paradigms. Dwellers of
marginal drylands have developed
approaches to deal with their natural
environment over the millennia that
need to be adequately captured when
planning for the future.

e. Enable South-South collaborations
between countries and regions facing
similar challenges in marginal drylands.
Such horizontal exchange of
information, ideas and approaches has
been shown to yield positive results for
marginal communities.

f. Mobilize international investments to
focus more on the challenges of
marginal drylands and combining these
investments with efforts to reduce
poverty and provision of basic
amenities like access to safe drinking
water and adequate sanitation facilities.

3. Focus on alternative livelihoods

Alternative livelihoods are defined as
approaches that partially or fully replace
traditional agricultural and pastoral
practices, and do so with a minimal
dependence on land primary productivity.
Such approaches, to be successful, have to
yield greater income per investment of local
dryland resources, as well as providing
diversification of local economies, as
compared to the traditional livelihoods
(Méndez 1993). The viability of these
alternative livelihoods is dependent on
capital investment and availability of trade-
related infrastructure and services.



Therefore, development of enabling policy
environment, as discussed in Section 2, is
essential to their success.

Typical examples of alternative livelihoods
demonstrated in marginal drylands are
listed here.

First, afforestation and carbon sequestration
in marginal drylands generates
marketable fuel wood and biofuel, while
playing a key role in sequestering
carbon. In principle, the emerging
carbon trading regimes can add value to
dryland afforestation for carbon
sequestration (Chichilnisky and Heal
1998).

Second, dryland aquaculture which allows
the use of brackish groundwater often
encountered in drylands (Kolkovsky et
al. 2003). It can not only produce edible
fish to overcome nutritional deficits but
also provide value-added ornamental
fish and micro-algae that bio-
manufacture invaluable chemicals used
in the health and food industry (Warren
2006). A significant challenge is to
overcome the lack of aware-ness and
know-how about the relevant
technologies, and often the lack of
infrastructure needed to storing,
shipping, distributing and marketing the
end-product.

Third, ecotourism in drylands can respond
to the growing demand for non-
congested, non-polluted, pastoral, and
pristine land-scapes; such landscapes
and vistas are often easily accessible in
marginal drylands. The main drawback
of this livelihood is its high water
demand, which can be met by
desalination and treatment of marginal
water resources including urban waste-
water.

Fourth, due to high solar radiation, low
cloudiness, and cheaply available spaces
drylands have a high potential to

122

generate solar energy, and perhaps even
export some of that energy to non-
dryland markets.

Fifth, controlled-environment dryland
agriculture based on the plastic-covered
greenhouse that allows the penetration of
the abundant light radiation of the
drylands, yet provides a fully controlled,
automated and enclosed environment
(Jensen and Malter 1995). The caveat for
this approach is the high investment in
infrastructure, research and maintenance,
as well as dependence on high-quality
water supply.

Sixth, many urban-supported alternative
livelihoods can allow for inclusion of
approaches in dryland cities that meet
the physical, social and economic
demands of the dryland environmental
conditions (Portnov and Safrie, 2004).

4. Case studies of introduction of
alternative livelihoods

Alternative livelihoods were tested and
promoted by a joint initiative of UNU
(United Nations University), UNESCO
(United Nations Educational, Scientific and
Cultural Organization) and ICARDA
(International Center for Agricultural
Research in the Dry Areas) entitled the
“Sustainable Management of Marginal
Drylands” (or in short: SUMAMAD)
project. The first phase of the project was
implemented from 2003-2007, the inception
of the second, 5-year phase was in 20009.
The SUMAMAD project pursues the
overall aim to improve livelihood
conditions of dryland dwellers, while
enhancing the sustainable management and
conservation of marginal drylands in a
number of study sites spanning from East
Asia to Africa and Latin America. In
addition to integrated approaches to land
management, the SUMAMAD project
places a major emphasis on diversification
of livelihoods as a key contribution to
ensuring human well-being and maintaining



ecosystem services in marginal drylands.
Participatory processes are at the centre of
project implementation and, thus, local
communities are closely involved in all
stages of identifying, introducing and
testing alternative income-generating
activities at each SUMAMAD project site.
Some alternative livelihoods are quite novel
to dryland people, but they represent viable
options for income generation, minimize
pressures on land resources and are
promising for replication elsewhere. The
SUMAMAD case studies presented in this
paper are selected from project activities in
China, Pakistan and Egypt.

The Hunshandake Sandland is a
SUMAMAD project site situated in Inner
Mongolia, China, where cattle and sheep
farming has led to severe degradation of
natural grasslands over the past decades
(see Fig. 1) (UNESCO 2008). The primary
focus of activities at the Chinese study site
is the natural restoration of degraded
rangelands through removal of external
stresses. To achieve this purpose, the
SUMAMAD project in consultation with
the local population introduced a number of
alternative income-generating activities,
including chicken farming, ecotourism and
milk product processing, instead of
livestock production.
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Figure 1. The location of the study area and
SUMAMAD site in Hunshundak Sandland,
Inner Mongolia, China. (Source: Lee and
Schaaf 2008).
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Particularly poultry-raising in natural
grassland sites proved to have a high
economic and ecological efficiency as
demonstrated by the researchers from the
Chinese Academy of Sciences involved in
the project. Approximately 15,000 chickens
were raised in the 33 hectares of the village
of Bayinhushu Gacha. The net economic
return per hectare was nine times higher for
chicken farming than previously generated
through cattle-raising (Lee and Schaaf
2008). At the same time, poultry-raising has
no negative effect on the grassland
ecosystem and helps control pests.

The primary beneficiaries of the alternative
livelihood are the local people. The
researchers estimated that each family
involved earned at least 60,000 Yuan (ca.
US$7,900) in comparison to 15,000 Yuan
(ca. US$1,975) raising cattle (Lee and
Schaaf 2008). Thus, many local villagers
have switched to the novel livelihood,
gradually replacing the less sustainable
sheep and cattle farming. The removal of
cattle farming has helped recover the
degraded grasslands without pro-active
vegetation restoration activities. This allows
local villagers to produce hay as an
additional source of income. Each family
was expected to earn an additional 12,000
Yuan (72 families in the village), while
previously they had to spend 10,000 Yuan
per annum to buy animal forage (Lee and
Thomas 2008). In addition to chicken
farming and fodder harvesting, the families
earn income through milk products and
ecotourism activities. Processing of milk
products, rather than direct selling, enabled
increases in income generation. The added
value was around 20%, although this
activity was found to be labour intensive.
Furthermore, the SUMAMAD team
actively promotes the restored natural
grassland ecosystems as an ecotourism
destination and leads efforts to establish a
nature reserve in the Hundshandake
Sandland. Local families are supported in
building small-scale accommodation



facilities. This has further helped to
diversify household incomes and strengthen
the livelihood security of local people in the
Hunshandake Sandland.

In the Cholistan region in Pakistan the
hyper-arid climate, extreme water scarcity
and harsh natural conditions limit
agricultural activities and lead to poor
living standards. Traditionally, livestock
production is the main source of income for
the local population, while other livelihood
options are limited or lacking. The
SUMAMAD project site in Cholistan (see
Fig. 2) was managed by the Pakistan
Council of Research in Water Resources. In
order to provide reliable, year-round water
for humans and livestock, the project
helped establish modern rainwater
harvesting systems through building
surface-water reservoirs at topographically
suitable locations. Simple sand-based
filtration systems were installed.

In addition, the SUMAMAD project team
introduced a novel livelihood based on the
saline ground water available in the project
area: aquaculture in brackish water. The
research undertaken by the SUMAMAD
team confirmed that several fish species are
suitable for aquaculture in brackish water
and tolerate salinity ranges between 4,000
and 30,000 ppm (Lee and Schaaf 2008).
The fish produced in the brackish water is

Figure 2. Location map of Lal Sohanra
Biosphere reserve and Cholistan Desert.
(Source: Adeel et al. 2008).
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sold in local markets, but is also used for
household consumption and, thus, improves
the nutrition of the local villagers. The
SUMAMAD researches were able to
demonstrate that integrated farming-
aquaculture systems, such as livestock-fish
farming, poultry-fish farming, duck-fish
farming, horticulture-fish farming, are
economically viable in drylands. The
project adopted a poly-culture fish system
in order to minimize mortality rates. The
success in aquaculture requires an
understanding of the nutrition and
health/disease requirements of a species,
maintaining an adequate water quality in
the ponds, developing infrastructure for
marketing the fish and intense training of
villagers. In addition to dryland
aquaculture, the project team also tested
irrigation with saline water for vegetable
production to diversify livelihoods. The
results of the studies demonstrated that the
irrigation with moderate to highly saline
water enabled the cultivation of salt-tolerant
species of vegetables, such as eggplant,
pepper, and gourd species, on well drained
and fertile soils.

The researchers reported that soil
management practices should be adopted,
when saline waters are used for irrigation,
i.e. adding manure, fertilizers, planting
vegetables on ridges and beds etc.

In Egypt project activities were
implemented in the Omayed Biosphere
Reserve located in an arid, 30 km stretch of
land along the Mediterranean coast (see

Fig. 3). Several competing human activities,
including pastoralism, rain-fed and irrigated
agriculture, tourism, and urban
development, are concentrated in this area.
Bedouin communities, urban vacationers
and peasants from the Nile Delta create an
unusual mix of people with different
interests and needs. The project was
coordinated by the University of Alexandria
and focused on a wide range of activities,
including ecosystem studies, new income-
generation opportunities for the local



communities and establishing solar-
powered desalination plants to generate safe
drinking water. In order to support Bedouin
women to develop skills and earn money
from home, the project helped train women
in sewing and embroidery. A rotating
micro-credit system was set up, which
enabled women to purchase sewing
machines and fabric to produce dresses.
The products are sold in the community.
The researchers demonstrated that this
alternative livelihood generated
considerable returns on small investments
when compared to previous occupations.
Bedouin women earn a reported income of
EGP 330 (US$62) per month, for EGP 30-
35 (approx. US$6.5) invested to purchase
sewing machines (Lee and Schaaf 2008).
Furthermore, the SUMAMAD researchers
supported the development of a new
technology for desalination of saline
groundwater water using solar powered
pumps. Depending on sunlight exposure,
the solar-powered desalination units
produce about 100-120 litres of water per
day, enough water to provide at least five
families (40-50 persons) with clean
drinking water (Lee and Schaaf 2008).
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Figure 3. Location of Omayed Biosphere
Reserve along the Mediterranean cost.
(Source: Adeel et al. 2008).

The SUMAMAD research work
demonstrated that the investment in the
installation of solar-powered units for the
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desalination of water effectively removed
the costs from household expenditures of
buying water privately and also led to
health improvements through better water
quality. Based on the successes of the
SUMAMAD project, a company owned by
the Egyptian Government started
manufacturing solar-powered desalination
units for introduction into other parts of
Egypt. Another activity of the project to
increase livelihood security of the dryland
population included the establishment of a
factory to dry high quality figs produced in
the project area. This enables the local
population to sell figs year-round and not
only during the harvesting season, when
prices are low.

5. Conclusions — meeting the future
challenges
Cost-benefit calculations undertaken by the
SUMAMAD project highlighted that
investments in alternative livelihoods
resulted in improved natural resources
management and generated a wide range of
intangible benefits and higher monetary
returns when compared to traditional
livelihoods. However, it also became
evident that adaptation to innovative,
alternative livelihoods and attaining their
sustainability requires enabling conditions.
In particular, capital investment in dryland
development and trade-related
infrastructure in remote areas are needed,
which in turn depend on governmental
policies and effective governance at the
local and national levels. Such enabling
conditions often do not exist in developing
countries with drylands, and particularly in
areas that are considered marginal (Safriel
et al. 2005). Thus, the first step to be taken
on the path to dryland sustainable
development is to invest in societal, policy
and governance changes, building capacity,
and creating an enabling environment that
can support emerging alternative
livelihoods.

Strong South-South solidarity to
collectively address and resolve dryland
challenges was identified by the



SUMAMAD project as a key contribution
to increase the self-reliance within and
amongst dryland countries. The scientific
exchange that was strengthened by the
project included both experts from both
South and North, contributing experiences
of working in the dryland environments of
the South. Their close collaboration
increased knowledge of sustainable dryland
management and enabled researchers to
recognize alternative solutions and novel
ideas that had already been successfully
tested in other dryland regions.

The SUMAMAD case studies further
underlined that solutions in marginal
drylands should build on a broad approach
to generate knowledge. The synthesis and
integration of different knowledge sources,
including locally available traditional
knowledge bases, proved to be effective for
tackling the complex challenges in an
integrated manner. Since local knowledge
alone is often not sufficient, it is critical to
merge traditional experience with cutting
edge scientific research and technology.
The right mix between the various
knowledge streams depends on the specific
circumstances of the dryland site.

The SUMAMAD project highlighted the
significance of enabling policies at the
national and international level as a key to
address challenges faced by communities in
marginal drylands. One of the major
findings of the project is that enabling
national development policies need to
strengthen viable livelihood alternatives for
dryland populations and integrate dryland
management into mainstream poverty
reduction plans. A weakness identified by
the SUMAMAD project was the divide
between research and policy-making.
Therefore, policies need to better connect
with available research and reinforce data
gathering and synthesis to better understand
and respond to local challenges. The global
development community needs to ensure
that national governments have sufficient

resources at their disposal to support a
sustainable development path in drylands.
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Abstract

Climate variability and change is an
important consideration for the
International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT)
given its mandate for the improvement of
rainfed farming systems in the semi-arid
tropics (SAT) of the developing world.
Climate change predictions point to a
warmer world within the next 50 years.
However, the more specific question of
the impact of rising temperatures on
rainfall distribution patterns remains far
less certain. Recognizing this, ICRISAT
has developed an Operational Research
Strategy (2008—-2015) entitled “Adapting
to Climate Change in the SAT”. This
strategy addresses climate change
challenges through a two-pronged
approach that focuses on: (a) Helping
farmers cope better with current rainfall
variability as a prerequisite to adapting
to future climate change; and (b)
Adapting ICRISAT mandate crops to
grow in a warmer world. Due to their
evolutionary advantage, ICRISAT’s
mandate crops are better adapted than
other major food crops (rice, maize,
wheat) to abiotic stresses. Our current
breeding strategies have therefore
already taken existing high
temperatures, low and variable rainfall
and subsequent variable moisture stress,
as well as soil salinity/acidity into
account. Because of this, in prioritizing
our crop adaptation strategy for climate
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change, we are able to draw heavily on
current research products and lessons
learned in shaping our plan for the way
forward.

Introduction

Climate change predictions point to a
warmer world within the next 50 years, a
trend that is increasingly being supported
by ‘on-the-ground’ measurements.
However, the impact of rising temperatures
on rainfall distribution patterns in Africa
and Asia remains far less certain (IPCC
2007), although in some parts of the world
the increasing frequency of extreme rainfall
events and droughts appears significant.
Satellite data shows that the dry tropics,
where rainfed agriculture provides 60% of
the world’s food and some of the world’s
poorest live, will be the most vulnerable to
climate change (UNDP 2006; IPCC 2007).
Data emerging from the International Crops
Research Institute for the Semi-Arid
Tropics (ICRISAT) shows that increases in
temperature will have a significant
reduction (8—30%) in grain yields of
dryland crops (e.g. Dimes et al. 2008).

Rainfed agriculture in Africa and Asia:
vital for future food security

In the context of continued population
growth and predicted climate change, recent


mailto:s.twomlow@cgiar.org
mailto:p.cooper@cgiar.org
mailto:w.dar@cgiar.org

studies have envisaged a developing global
crisis in the availability of abstracted water
(Rosegrant et al. 2002; UNDP 2006). Itis
suggested that the projected trends in world
population growth and dynamics will place
substantially greater multi-sectoral demands
on water, leading to exacerbated
competition between sectors for an
increasingly limited supply of abstracted
water. This, in turn, will curtail the ability
of irrigated agriculture to respond to the
expanding food requirements of a global
population, particularly those in the
developing world. In contrast to the
aspirations of the Millennium Development
Goals (UN 2005), this raises the specter of
a worsening food security crisis (UNDP
2006).

To reverse such a scenario, it has been
concluded that much greater emphasis will
have to be given to increasing the
productivity of global rainfed agriculture
which currently provides 60% of the
world’s food (Rosegrant et al. 2002; UNDP
2006). In such an endeavor, the drylands of
Africa and Asia pose special challenges for
it is here that some of the poorest and most
vulnerable communities live (Tables 1 and
2). These communities manage, and largely
rely upon, rainfed agriculture and pastoral
systems for their livelihoods and are the
custodians of the natural resource base upon
which such enterprises depend. Added to
the constraints imposed by extreme poverty,
health hazards, and often a degrading
resource base, is the inherent variability of
rainfall amounts and distribution and the
risk this imposes on farm production.

Recognizing the importance of rainfed
agriculture for both individual as well as
national food security, agricultural research
increase productivity, but also mitigate the
climatically induced uncertainty of
production through specific soil, crop and
rainfall management strategies. (Cooper et
al. 2008).
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Table 1. Area of the semi-arid tropics in
Asia and Sub-Saharan Africa

Region Area (sg. km
g (sg. km) SAT
Total SAT %
Asia 7,417,491 1,522,117 | 20.52
Sub-
Saharan 19,306,515 | 4,977,808 | 25.78
Africa
26,724,006 | 6,499,925 | 24.32

Table 2. Poverty in Asia and Sub-Saharan
Africa (source: Chen and Ravallion 2008).

Number of people living below
. poverty line (%
Region Below | Below | Below | Below
$1 $1.25 | $1.45 | $2
EastAsia g5 1979 | 206 |[397
and Pacific
Central Asia | 3.4 5.0 6.5 10.6
South Asia 23.7 40.3 52.3 73.9
Sub-Saharan | 095|504 | 579 | 722
Africa

Since its foundation in 1972, ICRISAT has
provided global leadership in such research.
Some examples include:

e Breeding new crop varieties that are
better adapted to contrasting climatic
conditions (Haussman et al. 2004;
Traore et al. 2005; Hiraoka et al. 2006;
Mariac et al. 2006);

e Incorporating resistance to pests and
diseases (many of which are triggered
by specific climate sequences) into our
mandate crops (Kishore et al. 2004;
Pande et al. 2004);

e Developing and promoting innovative
seed supply systems to support the
adoption of improved varieties
(Sreenath et al. 2006);

¢ Identifying and promoting affordable
input supply systems, such as our work
on microdosing (Tabo et al. 2007 ;
Twomlow et al. 2008b);

e Low-cost land forming and residue
management interventions at the farm
and watershed scale that retain scarce



rainfall where it can be most effectively
used, such as our work on Zai pits and
planting basins (Fatondji et al. 2006;
Hatibu et al. 2006; Mazvimavi et al.
2008);

e Developing and promoting more
diversified production systems through
the incorporation of high value legumes,
such as groundnut, chickpea and
pigeonpea into crop rotations (e.g.
Snapp et al. 2003; Harris et al. 2005;
Ncube et al. 2007); and

e Undertaking research on systems and
value chains that link farmers to local,
regional and global markets (Shiferaw
and Bantilan 2004; Shiferaw et al. 2008;
Twomlow et al. 2008c).

Such research has already shown great
potential on research stations and in
farmers’ fields, with ‘achievable’ yields
often several times greater than those
obtained by traditional farmer practice.
However, in general, extensive adoption of
these innovations has been low. While
‘islands of success’ continue to provide

hope for the future, little scaling up of such
successes has been reported. Widespread
impact is not yet evident. Indeed, in many
situations, production and the quality of the
natural resource base are declining.

Given such a situation, combined with the
projected negative impact of water scarcity
on the possible extent of expansion of
irrigated agriculture, cereal deficits in most
of Asia and Africa are expected to increase
dramatically by 2025 if the current
‘business as usual’ rainfed resource
management and investment policies are
maintained (Table 3) (Rosegrant et al.
2002; UNDP 2006).

In such a scenario, either international food
aid must be increasingly called for, an
undesirable option, or policies must be put
in place and decisions taken to greatly
accelerate investment within the
agricultural sector beyond the ‘business as
usual’ scenario upon which such
projections are based.

Table 3. Current and predicted cereal production and demand in Asia and Africa (source: FAO

and Rosegrant et al. 2002)

Country or Current status (million tons) Predicted status in 2025
Region (million tons)

Production | Demand® | Deficit Production” Demand® | Deficit
Asia 726 794 68 1093 (30) 1228 135
China 358 375 17 542 (26) 581 39
India 175 171 Surplus 4 257 (31) 275 18
S.E. Asia 106 114 8 170 (47) 176 6
South Asia 51 55 4 81 (14) 102 21
(less India)
Sub-Saharan | 69 78 9 137 (88) 172 35
Africa
W. Asiaand | 82 120 38 119 (54) 202 83
N. Africa

# Predicted values for the period 20212025 according to a ‘business as usual’ scenario which assumes the
continuation of population growth patterns and of current trends and existing plans in water and food policy,
resource management and investment. It does not consider the potential impact of climate change.

$ The sum of food and feed demand.

* Figures in parenthesis are the predicted percentage of total cereal production in 2025 coming from rainfed

production.



ICRISAT’s approach

Charged with a mandate to improve rainfed
farming systems and reduce poverty in the
dry tropics of the developing world,
ICRISAT is employing a two-pronged
strategy that will help farmers face the
emerging challenges of climate change
across a range of time scales, namely:

e In the short to medium-term:
Helping farmers and their support
agents to cope better with current
rainfall variability as a prerequisite to
adapting to future climate change;

¢ In the medium to longer-term:
Adapting our mandate crops (sorghum,
millet, groundnut, chickpea and
pigeonpea) to grow in a warmer world.

These two strategic initiatives are described
in this paper.

Short to medium-term strategic
initiative

Current rainfall variability and future
climate change is an important
consideration for ICRISAT (Cooper et al.
2008) given its mandate for rainfed
agriculture upon which some of the most
vulnerable communities in the world
depend for their livelihoods (Table 2).
ICRISAT, together with leading donor
support agencies, believes that for
vulnerable communities and agricultural
stakeholders to adapt to future climate
change, their ability to cope with the
rainfall variability associated with current
climates must first be enhanced (Twomlow
et al. 2008a). ICRISAT, working with
partners (Cooper at al. 2008), promotes
strategies that span time scales:

(1) Climate risk analysis frameworks that
provide a medium-term strategic
understanding of the temporal and
spatial distribution of current rainfall
variability and its impact on
performance and profitability of
existing and innovative agricultural
practices.

(2) Short-term seasonal climate and
agricultural forecasting that enables
farmers and support agents to ‘fine
tune’ medium-term strategies and thus
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plan tactically and farm more
effectively in the face of seasonally
variable weather.

(3) Providing medium to longer-term
information on the extent to which
climate change is likely to impact on the
nature of climate variability, and the
implications for rainfed farming
systems and their future development
and productivity.

To further foster and promote such
approaches in sub-Saharan Africa,
ICRISAT, with the Association for
Strengthening Agricultural Research in
Eastern and Central Africa (ASARECA),
currently facilitates a New Economic
Partnerships for African Development
(NEPAD)-endorsed consortium of 15
national, regional and international partners
entitled Investing in rainfed farming
systems of sub-Saharan Africa: Evaluating
the agricultural implications of current
climatic variability and planning for future
climate change. Among others, the CGIAR
Centers ICRAF, CIAT, IITA, IWMI and
ILRI are partners in this consortium.

Through this consortium ICRISAT has
partnered with meteorological services,
CGIAR Centers and leading climate science
researchers worldwide in a series of ‘Proof
of Concept’ projects centered around
climate risk management. We blend their
deep climate knowledge with our expertise
on tropical dryland farming systems. There
are currently 10 such projects taking place
in sub-Saharan Africa and recently an
important project funded by the Asian
Development Bank has extended this work
to India, Peoples’ Republic of China, Sri
Lanka, Bangladesh, and Pakistan (Table 4).

Many of these projects focus on mitigating
climate-induced risk through making better
use of natural resources and identifying
those innovations that have a high
probability of success in the context of
season-to-season weather variability. In
this respect, in rainfed farming systems,
improved rainfall-use efficiency and soil
fertility management are especially
important in enhancing food security and
income generation.



Table 4. Climate risk management projects. The lead center (LC) is identified

roject title

Project output and date

Project partners

‘Providing climate-based decision support
for farmers and agricultural concession
companies in Mozambique’_Funding agent:
PROAGRI-MINAG (World Bank)

2007: The potential of climate-based decision
support systems demonstrated to agricultural
concession companies in Mozambique.

ICRISAT (LC), Reading Univ.,
Mozambique Leaf Tobacco, DPA, 1AM,
EMPRENDA Alliance, USEBA, SNS and
Mozambique Met. Service

‘Fertilizer recommendations and policy for
smallholder farmers of southern Africa’

Funding agent: ACIAR

2008: The usefulness of climate driven simulation
models (APSIM) in defining climate induced risk
in fertilizer use both demonstrated and promoted
to farmers and financial institutions in the
Limpopo Province, South Africa.

ICRISAT (LC), Land Bank of South
Africa, Bankers Association of South
Africa

‘Making the best of climate: Adapting
agriculture to climate variability’ Funding

agent: EU
through ASARECA CGS.

2008: Innovative strategies for enhancing
mitigation of, recovery from, and resilience to
climate induced crisis affecting smallholder
farmers in the SAT of Kenya, Madagascar and
Ethiopia available to farmers and their support
agents.

ICRISAT, IRI
Univ. Nairobi (LC), KMD, ICPAC,
EARO, FOFIFA, SOMEAH

‘An aflatoxin risk early warning system to
improve nutrition, health and income in west
African smallholder farms.’

Funding agent: CIDA/CCLF

2009: A climate-based aflatoxin risk early
warning system developed to improve the
nutrition, health and income of West African
smallholder farmers.

ICRISAT (LC), AGRHYMET
IER-Mali, SARI-Ghana, Univ. of
Sherbrooke and Univ. of Florida

‘Legume diversification in tobacco systems.
Climate risk and market opportunities’
Funding agent: IDRC — Research in Tobacco
Control.

2009: The capacity of the National Smallholder
Farmers’ Association of Malawi (NASFAM) to
use climate risk analyses to evaluate and target
legume diversification strategies in tobacco
producing systems in Malawi enhanced.

ICRISAT, Reading University
NASFAM (LC), Malawi Met. Services

‘Building adaptive capacity to cope with
increasing vulnerability due to climate
change’

Funding agent: IDRC/DfID CCAA.

2009: Educational, research and extension
competencies to develop strategies that help rural
communities adapt to climate variability and
change enhanced in Zambia and Zimbabwe.

ICRISAT, CIAT and ZMD
Midlands State University, (LC), CARE,
Dunavant Cotton, CSIRO, AREX, ASP

‘Managing uncertainty: Innovation systems
for coping with climate variability and
change’

Funding agent: AfDB through ASARECA
CGS.

2010: Coping with risks and realizing
opportunities associated with climate variability
and change enhanced through appropriate
strategies and institutional innovation in Uganda,
Sudan, and four other selected countries in ECA.

ICRISAT (LC), CIAT, ICRAF, Reading
Univ.

ASARECA Networks, ILRI, ARC-Sudan,
NARO-Uganda

‘Clues from landraces: Positioning local
knowledge on plant management of climate
uncertainty at the heart of adaptive
agricultural strategies’

Funding agent: IDRC/DfID CCAA

2011: The capital value of specific locally
preserved landrace adaptation traits for the
definition of sound adaptive strategies in variable
climate demonstrated in Ghana, Mali, and Niger.

ICRISAT-Mali (LC),

CIRAD, IUCN, AMEDD, CRA, IER,
Univ. of Florida, Univ. of Sherbrooke,
SARI

‘Managing risk, reducing vulnerability and
enhancing productivity under a changing
climate’

Funding agent: IDRC/DfID CCAA.

2012: The impacts of climate induced crises
mitigated and resilience improved through the
adoption, by small-scale farmers, of innovative
strategies that reduce climate risk and manage
vulnerability in Tanzania, Kenya, Ethiopia,
Eritrea and Sudan.

ICRISAT, ASARECA-SWMNet.
Sokoine University of Agriculture,
Tanzania (LC)

‘Vulnerability to climate change: Adaptation
strategies
and layers of resilience’

Funding agent: ADB

2012: Provide science-based solutions and pro-
poor approaches for adaptation of agricultural
systems to climate change for the rural poor and
most vulnerable farmers in semi-arid regions of
Asia, specifically India, Peoples’ Republic of
China (PRC), Sri Lanka, Bangladesh, and
Pakistan.

ICRISAT (LC), CRIDA in India; Chinese
Academy of Agricultural Sciences

and Guizhou Academy of Agricultural
Sciences in PRC; Center for Policy
Dialogue in Bangladesh; CARP in Sri
Lanka;

Pakistan Agricultural Research Council
and CLAN

‘Community management of crop diversity
to enhance resilience, yield stability and
income generation in changing West African
climates’ Funding Agent: BMZ

2012: To enhance farm community resilience,
production stability and income generation in
West Africa (Niger, Burkina Faso, Mali and
Ghana) under variable and changing climates by
enriching agro-biodiversity management across a
climatic gradient.

ICRISAT (LC), Univ. of Hohenheim,
farmers organizations and NGOs, IER,
Mali; INERA, Burkina Faso; INRAN,
AGRHYMET, Niger; SARI, Ghana
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ICRISAT is helping farmers devise ways to
manage landscapes, soils and crops so that
more of the water and nutrient resources are
stored and used more efficiently over a
longer time period. Using crop growth, soil
and water management simulation models,
the Institute is quantifying the climate-
induced risk associated with such

ICCV 2

: , ICCV 96029 KAK 2
innovations (Box 1). Super-early Extra-early Early
Medium to longer-term strategic 75-80 days 85-90 days 90-95 days

initiative

ICRISAT has identified medium term
(20-30 years) priority strategies that will
result in crop varieties and cropping
systems that are adapted to a changed
environment. Key factors considered are:
« Higher temperature tolerance;

» Moisture extremes — both increased
moisture stress and risk of temporary
flooding;

« Changed distribution and severity of
pests and diseases; and

» The ‘migration’ of our mandate crops
into geographical areas already
marginal for crops currently being
grown there.

Because of their evolutionary advantage,
ICRISAT mandate crops are better adapted
than other major food crops (rice, maize,
wheat) to such stresses. For example,
sorghum, pearl millet, chickpea, pigeonpea
and groundnut are known to grow in harsh
environments where temperatures are quite
high and prolonged dry spells are common
(ICRISAT 2008).

To get ahead of climate change, ICRISAT
has ready-adapted products such as early,
extra-early, and super-early chickpea
cultivars (Fig. 1).

Our current breeding strategies already take
into account existing high temperatures and
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Figure 1. Get ahead of climate change -
ready adapted products: Development of
early, extra-early and super-early chickpea
cultivars at ICRISAT.

low and variable rainfall, and variable
moisture stress. Because of this, in
prioritizing ICRISAT’s ‘Crop Adaptation
Strategy for Climate Change’, we are able
to draw heavily on current research
products and lessons learned in shaping the
way forward.

ICRISAT already has on hand crops that
are adapted to heat, high soil temperatures,
knowledge and understanding of
photoperiod-sensitive flowering,
information on genetic variation for
transpiration efficiency, short-duration
varieties that escape terminal drought, and
high yielding and disease-resistant varieties.
What we now need is to better understand
the physiological mechanism underlying
heat tolerance, identify wider gene pools
from which to develop crops of wider
adaptability, and develop more effective
screening techniques of germplasm for
desired traits. To help guide our crop
adaptation work we are using crop growth
simulation models such as APSIM to
examine the disaggregated impact of a
range of climate change scenarios on our
mandate crops across the SAT of the world
(Boxes 2 and 3).




Box 1. A recent successful example of risk assessment and management using the APSIM
model (Dimes 2005)

In southern semi-arid Zimbabwe, where nitrogen deficiency is widespread in maize and yields are
low and variable, nitrogen fertilizer use is recommended at a rate of 52 kg/ha, but is seldom
adopted by farmers. It is considered too risky and expensive. Researchers therefore asked
farmers how much fertilizer they could afford and would actually be prepared to use under such
conditions and were told about 17 kg N/ha, one third of the recommended rate. Forty-six years of
daily climatic data from Masvingo, a local meteorological station, were used to simulate maize
yields with 0, 17 and 52 kg N/ha. The results of this simulation confirmed farmers’ perception of
quite variable nitrogen response, but also suggested useful responses to 17 kg N/ha. The outputs
of this simulation were then calculated as ‘economic rates of return’ to fertilizer use and expressed
in terms of probability of success. Except in very bad years, rates of return to the farmer-preferred
rate of 17 kg N/ha were substantially better than the recommended rate. The outputs of this
simulation gave farmers, fertilizer traders, extension staff, NGOs, donors and researchers the
confidence to successfully evaluate this ‘microdosing’ rate of N with 170,000 farmers in Zimbabwe
in the 2003/04 cropping season. Despite poorer-than-average rains, microdosing increased maize
grain yields by 30-50% and almost every farmer achieved significant gains. The initiative is
ongoing and expanding, enabling farmers to adapt their attitude toward fertilizer use as well as
allowing their support agents to adapt their fertilizer recommendations.

Returns on N fertilizer investment
in Masvingo, Zimbabwe
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success of all that we do within our

The way forward: Implementin
Y P g Integrated Genetic and Natural Resource

9
ICRISAT’s strategy Management (IGNRM) framework
ICRISAT recognizes that managing (Twomlow et al. _2008c) yvill be influenced
climatic uncertainty and adapting to change by seasonally variable climates and future
in the SAT cannot be a separate agenda or changes in the nature of that climate. If we
an end in itself. It must be seen as an are to see the successful development,
integral part of all that we do. The targeted promotion, adoption and impact of

probability of biophysical and economic
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Box 2. Disaggregated effects of predicted changes in temperature and rainfall on
sorghum yields in the SAT.

In preliminary cropping simulation exercises to assess the impacts of climate change on
sorghum vyields in the SAT of Africa and Asia the following three scenarios were examined:
current cropping constrained only by climate; current climate modified for temperature change
for the region; current climate modified for both temperature and rainfall change for the region.
(The impacts of CO, rises cannot be adequately accounted for with the currently available
cereal modules.)

Future changes in temperature and rainfall in the SAT
(Based on regional predictions for A1B scenario for the end of the 21° century)

Region Season |Temperature|Precipitation
response [response (%)
)
East Africa Oct, Nov, 3.1 11
Dec
Mar, Apr, 3.2 6
May
Southern Africa loct—Mar 3.1 -10
West Africa Jul-Oct 3.2 2
South Asia Jun—Feb 3.3 11

Disaggregated effects of climate change on % change in sorghum yields

Region Potential | Rainfall | Temp. |CC effect

grain yield |effect on| effect | on yield
(kg ha™) yield |on yield

East Africa short 3044 +10% +11% +21%

rains

East Africa long 2932 +6% +4204 +48%

rains

Southern Africa 2753 6% “16% | —22%

West Africa 1896 +6% | —20% | -14%

South Asia 2800 +1% | -38% | -37%

« Initial simulations clearly showed that for any given climate change (CC) scenario, the
impact of CC will vary both in nature and magnitude from location to location, from crop to
crop, from cultivar to cultivar and from season to season.

» The % of seasons in which climate change is either a ‘good’ or ‘bad’ thing are very relevant
to the needs and choices that risk-averse farmers might wish to make in their adaptation
strategies, and how ICRISAT responds as an Institute with both a crop and ecological
mandate.
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Box 3. Probability distribution of predicted changes in temperature and rainfall on
pigeonpea grain yield

Probability distribution of pigeonpea grain viekl
Katumani
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Pigeonpea is commonly grown in the semi-arid tropic of Kenya. Medium-duration varieties are
currently favoured. They are sown in the October, November and December rainy season and
flower and fill their grain in the rains of March, April and May. Using 45 years of historical daily
climatic data from Katumani and the crop growth simulation model, APSIM, we examined the
impact of disaggregated climate change scenarios which comprised a 3°C increase in
temperature, a 10% increase in rainfall and a CO, level raised to 700ppm (IPCC 2007). We
compared the outputs with the probability distribution of yields under the existing climate. While
we observed an expected CO, fertilization effect, this was more than offset by temperature
increases. Temperature increases effectively shorten the duration of crop growth, resulting in the
crop flowering and starting to fill grain before the onset of the March, April, May rains. The
resultant greatly increased moisture stress during this critical period is clearly reflected in much
reduced yields. While this was partially offset by a 10% increase in rainfall, yields under the
climate change scenario examined remained much reduced.

agricultural innovations, then the climate- Strategy (2008—-2015) entitled Adaptations
induced risk and the probability of success to and Mitigation of Climate Change in the
of those innovations must first be Semi-Arid Tropics (ICRISAT 2008) and
determined for the contrasting SAT that complements ICRISAT’s other
environments that we serve. Operational Research Strategies (Fig.2).

Six key factors were recognized as being
To address the impacts of this overriding fundamental in the SAT and provide the
development challenge, ICRISAT has framework within which we address
developed an Operational Research climate change:
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1. In the medium- to long-term, rainfed
farming systems will remain vital for
future food security, but investment in
them will have to be greatly increased.

2. Such increased investment by risk-
averse farmers and stakeholders will
only take place through a better
quantification of climate risk that
enables the identification, targeted
promotion and implementation of
investment innovations that have a high
probability of success in the context of
variable climates.

3. Climate change is likely to make rainfed
agriculture even more risk prone in the
rainfed systems of the SAT. Farming
systems will need to adapt to these
changes; however, the exact nature of
these changes still remains uncertain.

4. The livelihood resilience and adaptive
capacity of impoverished and
marginalized rural communities must
first be improved in the context of
current climate variability if they are to
have any hope of adapting to future
climate change.

5. Climate driven tools, when linked with
spatial bio-economic models such as
‘IMPACT” will allow the development
of integrated climate risk management
strategies that will facilitate targeted
investment innovations.

6. Adapting ICRISAT mandate crops to
current and future vagaries of climate is,
and will continue to be, an essential
component of our work.

In pursuance of furthering our research
agenda, ICRISAT must capitalize on its
initial portfolio of climate change projects
(Table 4) and ensure that it continues to
play a major role in the development of
gender equitable agricultural adaptation and
mitigation strategies as an integral part of
agricultural development in the most
vulnerable areas of the SAT in sub-Saharan
Africa and Asia.

Expected International Public Goods from
this portfolio of projects include:
e Improved understanding of climate
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Figure 2. Integrating climate risk management
into ICRISAT’s integrated genetic and natural

resource management.

variability and adaptation-coping
strategies for the rural poor;

e Best practices and institutional
innovations for mitigating the effects of
climate change; and

e Strategies to address socioeconomic
problems relating to changing weather
patterns and availability of a range of
initiatives for their alleviation.

To achieve this ICRISAT will help build
capacity within the national agricultural
research and extension systems (NARES)
of sub-Saharan Africa and Asia to
undertake climate risk analyses from both
biophysical and socioeconomic
perspectives. ICRISAT has identified a set
of four tools to analyze climate data and
produce high-quality information and
products tailored for agricultural
applications and to quantify the
relationships between climate, crop, soil
and water resources, and economic drivers
for use in the strategic and tactical
management of agricultural systems. The
suite includes:

e INSTAT and GENSTAT- statistical
analytical tools with special features for
analyzing climate data;

¢ MARKSIM — a stochastic weather
generator for generating synthetic daily
weather data by estimating the third-



order Markov model parameters from
interpolated climate surfaces;

e APSIM/DSAT — modelling frameworks
that provide capabilities via component
modules to simulate cropping systems
over variable time periods; and

e MARKSIM - aregional modelling
framework that provides capabilities to
simulate production systems over
variable time periods.

Conclusion

ICRISAT is well aware of the seriousness
of climate change and has positioned itself
to respond to the challenges that it poses for
the farming communities of the SAT in
Africa and Asia. Our response is centered
around a two-pronged strategy that focuses
on increasing the livelihood resilience and
adaptive capacity of the rural poor and
adapting our mandate crops to grow in a
warming world. This strategy is resulting in
recognition by our partners and support
agents that ICRISAT is becoming a
committed leader in this field in serving the
farmers of the SAT.
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13. Climate change and geomorphic processes in deserts: insights for the
future from the record of past climate change
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Abstract

Dune systems in current arid and
semiarid regions provide a sensitive
indicator of past, present, and future
climate change and variability. Studies
of dune field response to past climate
changes provide information on the
range of change that can be expected on
decadal to millennial timescales.
Variations in temperature and
precipitation on all time scales result in
changes in vegetation cover and sand
mobility. These changes can be modeled
using the dune mobility index and the
effects of future climate changes can be
assessed on a regional scale. Predictions
for many desert regions indicate
widespread increased dune mobility in
the late twentyfirst century, leading to
severe disruption of many arid and
semiarid ecosystems.

Introduction

Climate change is an ongoing and complex
natural process that has occurred on a
variety of timescales throughout Earth’s
history. Irrespective of the causes of
climate change (natural vs. anthropogenic),
the effects of changes in temperature and
precipitation have direct and significant
effects on landscapes and ecosystems.
Understanding these effects is a major area
of climate change research, with great
implications for public policy and decision
making for land management. The
importance of water to human and natural
systems in deserts makes them very
sensitive to those changes in climate that
affect the amount, type, timing and
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effectiveness of precipitation. Observational
data show that changes in seasonal and
annual temperature, precipitation, runoff,
groundwater recharge, and
evapotranspiration are occurring today in
many desert regions (e.g. Trenberth et al.
2007) and climate models predict that they
are likely to continue in the future, leading
to expansion of desert areas and increased
aridity in others, in addition to greater
severity and duration of periods of drought.
Many arid areas have already experienced
significant increases in temperature and a
reduction in rainfall over the past two
decades, manifested in extended droughts in
such areas as the SW USA and southern
Australia. These ongoing and future
climate changes will likely have significant
geomorphic impacts, including changes in
flood magnitude and frequency, the
occurrence and severity of dust storms, and
the activity of sand dunes.

Understanding of geomorphic responses to
climatic change is based on two
approaches: (1) studies of the response of
geomorphic systems to modern and
historical climatic variability (e.g. El Nifio
events; extended droughts). Observations
enable threshold conditions to be identified
and well-constrained process - response
models to be developed; and (2) studies of
Quaternary sediments and landforms, which
provide information on the response of
landforms to climate changes of greater
amplitude and duration than experienced in
the observational record, including those of
Glacial-Interglacial cycles, as well as
greater extremes in more recent times (e.g.
the Little Ice Age). These studies help to
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understand the range and magnitude of
possible responses to climate change.

In this paper, I discuss the application of
these approaches to studies of desert sand
dunes, as an example of the effects of
climate change on arid lands and their
geomorphic processes. For a full
discussion of the effects of climate change
on desert geomorphic processes and
landscapes see Lancaster (2009); Meadows
and Thomas (2009) cover tropical semi arid
regions in the same volume.

Principles of dune system response to
climate change

Desert dune systems occupy up to a third of
the area of low and mid latitude arid areas
(Fig. 1) and form important landscapes and
ecosystems (Lancaster 1995). Dune
systems are dynamic geomorphic and
sedimentary environments that respond to
climate change and variability on a variety
of temporal and spatial scales. Principal
responses to climate change are: (1)
activation and stabilization of individual
dunes and areas of dunes; (2) formation of
new areas of dunes; and (3) erosion of
existing dune areas.

Geomorphic studies indicate that sand dune
areas tend to accentuate the effects of both
dry and wet phases (Rognon 1982). In
periods of increased rainfall, the high
infiltration capacity and porosity of dune
sands favors the growth and persistence of
vegetation (Thomas and Tsoar 1990), which
may lead to the partial or complete
stabilization of the dunes and soil formation
(Fig. 2). If the periods of increased rainfall
are of sufficient magnitude and duration,
then water tables may rise, leading to the
formation of pond and marsh deposits in
interdune areas. In contrast, periods of
aridity will give rise to a very unfavorable
biotic environment within the sand sea,
with low water tables and active sand
movement preventing the growth of
vegetation.

The overall state of the dune system is
governed by sediment supply, availability
and mobility (Kocurek and Lancaster
1999). In turn, sediment supply,
availability, and mobility are determined in
large part by regional and local climate.
Sediment supply is the emplacement of
sediment that serves as a source of material
for the dune system. It may be affected by
variations in flood magnitude and
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Figure 1. Dune systems of the world (after Sun and Muhs 2007).
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Vegetation on dune plinths only

Sub-arid to semi-arid

Dune crests mobile

Small avalanche faces

Incipient soil formation
Biogenic crusts
Well developed vegetation cover

Semi-arid to sub-humid

Dunes stabilized by vegetation and N
Y veg Marsh and lacustrine deposition

Figure 2. Conceptual model for dune system
response to climate change (after Rognon
1982).

frequency, river sediment load, lake and sea
levels, and rates of bedrock weathering that
affect sediment source areas. Climatic
changes impact sediment availability (the
susceptibility of a sediment surface to
entrainment of material by wind) primarily
via the effect of vegetation cover, which
protects the sand surface and partitions
wind shear stress between the sand surface
and the vegetation roughness, and soil
moisture. Sediment mobility (sand
transport rates) is affected by climate
change via changes in the magnitude and
frequency of sand transporting winds.

The relations between sediment supply,
availability, and mobility at any point in
time, as well as their variation through time,
define a series of states of the system
(Lancaster 1999). They also determine the
response of the system to external forcing
factors such as climate change so that the
system may be described as:
(1) Transport limited, in which actual rate of
sand transport (Qa) equals the potential
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rate (Qp) and the system is limited only
by the capacity of the wind to move
sediment from source zones. Such
systems are potentially affected by
climate changes that result in reduced
wind energy.

(2)Availability limited, in which Qa < Qp
and the system response is controlled by
vegetation cover. Changes in vegetation
cover as a result of changes in rainfall or
disturbance have a major effect on the
dynamics of such dune areas, which are
widespread in desert margin areas.

(3)Supply limited, in which Qa << Qp and
the system is starved of sediment.
Climate changes that enhance sediment
supply, such as increased flooding of
river systems or ephemeral lakes
(playas) may affect such systems.

Dune activity

The conventional view of dune systems is
that their formation or reactivation indicates
periods of aridity and therefore increases in
aridity will result in enhanced sediment
availability and/or mobility leading to
increased dune activity (larger areas of
mobile sand, increased rates of dune
migration or extension). Recent work
however suggests that this is an
oversimplification of the complex and often
non-linear relationships that exist between
desert dune activity and climate (Chase
2009; Hugenholtz and Wolfe 2005; Yizhaq
et al. 2008).

Dunes have been classified as ‘active’,
‘inactive’, ‘mobile’ or ‘stable’ (Lancaster
1994), without a clear definition of these
states. ‘Active’ and ‘inactive’ dunes
represent end members of a continuum of
dune dynamics that ranges from mobile
(rapidly migrating) barchan dunes to linear
or crescentic dunes that are stabilized by
vegetation (Thomas 1992). Geomorphic
and sedimentary criteria can be used to
classify dunes as active, dormant, or relict
forms (Katra et al. 2009; Lancaster 1994).
Active dunes are characterized by



contemporary and widespread surface sand
transport, erosion, and deposition.
Depending on their morphological type,
active dunes may be migrating in the net
transport direction (crescentic or transverse
dunes), extending (e.g. linear dunes), or
vertically accreting (e.g. star dunes)
(Thomas 1992; Thomas and Shaw 1991).
The degree of aeolian activity may vary
seasonally, annually or decadally in
response to changes in sand supply, wind
velocity, vegetation cover, and moisture
content (Bullard et al. 1997). Dormant
dunes are those on which erosion and
deposition of sand is currently absent or at a
low level as a result of low wind energy or
vegetation cover; these dunes may revert to
an active condition as a result of minor
climatic changes (e.g. prolonged regional
drought) or disturbance (grazing, fire).
Relict dunes do not experience significant
sand movement in present-day conditions
and are clearly a product of past climatic
regimes or depositional environments and
have been stabilized by vegetation for a

period of at least 103 years. Relict dunes
may revert to an active state only as a result
of major climatic changes.

The temporal and spatial scales on which
dune activity occurs are important. Dunes
may be seasonally active (e.g. in the dry
season), or only active during and after
periods of drought (Muhs and Holliday
1995; Thomas and Leason 2005). Periods
of above normal rainfall (e.g. EI Nino
years) may result in germination of annual
or ephemeral vegetation and thereby
stabilize dunes for months or years.
Changes in wind energy across dunes may
result in some dunes being active in crestal
areas that are more exposed to the wind,
whereas lower, less windy areas are
stabilized by vegetation (Livingstone and
Thomas 1993).

Thresholds for dune activity

Some workers have sought to identify
precipitation limits for active dunes. In
many desert regions, active dunes occur
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where mean annual rainfall is 100 - 150 mm
or less (Fig. 3), but the situation is much
more complex because of the non —linear
relations that exist between wind energy,
effective precipitation and sand movement
or dune activity. Vegetation cover
thresholds for active sand transport have
been determined empirically from field
studies which suggest that a vegetation
cover of 14-17% is sufficient to restrict
sand transport on sand surfaces (Allgaier
2008; Lancaster and Baas 1998; Wiggs et
al. 1995). Studies in Australia, however,
suggest that in this area, the threshold
vegetation cover may be as much as 35%
(Ash and Wasson 1983), although recent
field studies suggest a greater range of
vegetation cover restricts sand movement
(Hesse and Simpson 2006) . In many areas,
biological crusts may interact with
vegetation cover to promote stabilization of
sand surfaces (Kidron et al. 2000)

Dune mobility

Models for the response of dune systems to
climate change at various timescales have
concentrated on the relations between
vegetation cover, wind energy, and
effective precipitation. These relations are
captured in part by the widely used dune
mobility index (e.g. Lancaster 1988;
Lancaster and Helm 2000; Hugenholtz and
Wolfe 2005). This index provides a
measure of potential sand mobility (M) as a
function of the ratio between the annual
percentage of the time the wind is above
sand transport threshold (W) and the
effective annual rainfall (P/PE), where PE
is the potential evapotranspiration.

M = W/(P/PE).

Empirical thresholds for different levels of
dune activity suggest that dunes and
dunefields are fully active when the index
has a value of >200; 100 - 200, dunes
active, but interdunes and lower dune
slopes are vegetated; crest areas, but not
interdunes are active at a mobility index 50
- 100; and dunes are inactive and
completely stabilized by vegetation when
the index has a value of <50 (Fig. 4). The
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Figure 3. Rainfall limits for dune activity in
the Sahel region of Africa.

index has been tested empirically in a
number of dune areas (e.g. Muhs and Maat
1993; Lancaster and Helm 2000), and also
tested against data on climatic variables and
measured sand transport rates. Although
not a good predictor of the rate of sand
transport from year to year, probably
because of the lagged response of
vegetation cover to rainfall changes, the
index does represent the overall state of the
system well, and can therefore be used to
assess decadal and longer term responses to
climate change (Bullard et al. 1997). For
example, dune mobility can vary as a result
of changes in wind energy or effective
precipitation. Modifications to the index
that address lags and seasonal effects
(Thomas et al. 2005) represent a valuable
advance, but are untested outside the region
to which they were first applied.

Recently developed models (e.g.
Hugenholtz and Wolf 2005 and Yizhaq et
al. 2007) stress that the response of dunes to
climate and vegetation change on annual to
decadal time scales is non-linear (Fig. 5).

In general, the process of stabilization of
dunes by the establishment and growth
vegetation occurs more slowly than the (re-)
activation of dunes as a result of decreased
vegetation cover. The result is a bi-stable
state of dunes — active or stabilized by
vegetation - that is dependent on the energy
of the wind regime. In places with very low
wind energy, dunes have only one stable
state, which is vegetated and fixed; at
intermediate levels of wind energy, both
active and stabilized dunes can co-exist;
whereas, active dunes are the stable state in
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Figure 4. Values of the dune mobility index
for (A) southern Africa and (B) Great Plains
(data from Muhs and Maat 1993). Note that
dunes can change activity level as a result of
changes in effective precipitation and or
wind strength.
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Figure 5. Conceptual model for the response
of dune systems to climate change (after
Hugenholtz and Wolfe 2005).



areas of very high wind energy (Yizhaq et
al. 2007).

Response of dune systems to climate
change

A number of empirical studies have
documented the response of dune systems
to climate change on a variety of
timescales. Most relevant to understanding
the response of dune systems to future
climate changes are those that have
occurred during the past 2000 years, when
atmospheric circulation patterns resemble
those of today. All the dune systems
discussed below originally formed in past
climate conditions of much more extended
aridity and in some cases greater wind
energy as a result of glacial-interglacial
climate changes. The effects of such
changes are discussed in reviews by

Lancaster (2007) and Sun and Muhs (2007).

In most cases, the same constraints on
system response that applied at these time
scales also apply to late Holocene and
historical changes in dune system
dynamics.

Availability limited (Vegetated) dune
systems

At Great Sand Dunes (Colorado), Marin et
al. (2005) documented migration rates of
parabolic and barchan dunes over a period
of 70 years using satellite images and aerial
photographs (Fig. 6). They found that
migration rates were up to six times higher
in drought episodes compared to
intervening wetter periods. More than 50%
of the movement of parabolic dunes
occurred during periods of drought that
occurred between 1936 and 1941; 1953 and
1966; and 1998 and 1999. They identified
a threshold condition with a Palmer
Drought Severity Index (PDSI) value of
less than -2 (equivalent to a reduction in
summer and fall precipitation of 25%,) for
increased dune activity. This assessment
is supported by the long-term perspective
provided by correlations between decadal-
scale drought episodes recognized in tree
ring records from the area and periods of
aeolian deposition dated by luminescence
methods (Fig. 6), suggesting an overall
control of dune activity by sediment
availability, determined by rainfall and
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vegetation cover, in this area (Forman et al.
2006).

In Australia, low wind energy over much of
the area covered by desert dunes limit dune
activity (Ash and Wasson 1983), but recent
studies emphasize the importance of
vegetation cover in limiting sand movement
and dune activity (Hesse and Simpson
2006). These authors note that dune
activity is more widespread after vegetation
disturbance as well as after periods of
extended drought. The record of dated
aeolian depositional episodes during the
Holocene supports the concept of increased
dune activity in dry episodes (Hesse et al.
2004).

Dune systems in semi-arid, desert margin
areas appear to be particularly sensitive to
climate change and variability. On the
Great Plains of the USA and Canada, many
of these dunes are partially or completely
stabilized by vegetation in current climatic
conditions (Muhs and Wolfe 1999).
Reports from early explorers and surveys of
the Great Plains of the USA indicate
however much more widespread dune
activity, probably as a result of drought
conditions, in the nineteenth century (Muhs
and Holliday 1995).

Studies of dune stratigraphy have identified
and dated many periods of past activity of
these systems in the recent past. For
example, six periods of dune activity have
been recognized in the area of the Nebraska
Sand Hills during the past 1500 years and
correlated with evidence of drought
episodes elsewhere in the region (Forman et
al. 2005; Sridhar et al. 2006). These
periods occurred around 1390, 670, 470,
240, 140, and 70 years ago. The most
significant of these periods of activity was
coincident with a widespread and extended
drought (megadrought) that occurred in the
sixteenth century. In addition, sand
accumulations related to the 1930’s drought
can be recognized. Elsewhere in this
region, a major period of linear dune
formation occurred 700-1000 years ago
coincident with a period of widespread
drought during the Medieval Warm Period
(Mason et al. 2004; Sridhar et al. 2006).
During this episode of dune formation,
winds shifted direction so that summer
southeasterly flow of humid air was
replaced by dry southwesterly flow.
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Supply limited systems - Effects of
sediment supply variations

Many of the Great Plains dunefields lie
immediately downwind of sand sources in
the flood plains of braided rivers that cross
the region. Muhs and Holliday (1995)
recognize interactions between reduced
precipitation and augmented sediment
supply during drought periods, as a result of
reduced and/or more variable river flows
and more extensive sandy areas in
floodplains, which provide a source of sand
for adjacent dunefields (Fig. 7).

In the Mojave Desert, dune areas close to
terminal areas of river systems appear to
have responded sensitively to changes in
the magnitude and frequency of flood
events, which affected sediment supply to
sand source areas. Multiple, short-duration
episodes of late Holocene aeolian
accumulation are recorded close to modern
sand source areas. Ages for sediments in
the Kelso Dunes sand transport system
(including the Cronese basins) cluster
between 0.14 — 0.20, 0.4 - 0.5, 0.7 - 0.85,
14-17,2-3,35-4.2,and5.4-6.7 ka
(Clarke and Rendell 1998; Lancaster and
Tchakerian 2003). These episodes of
aeolian deposition correlate well with the
record of major floods in the Mojave River
system and elsewhere in the region (Ely et
al. 1993; Enzel et al. 1989; Enzel et al.
1992) and therefore likely reflect the effect
of enhanced sediment supply from the
Mojave River, in a similar way to aeolian
system response to modern floods such as
those that occurred in 1993 and 2004.

Prospects for the future

Given the sensitivity of dune systems to
modern and historical climate variability, it
is to be expected that future climate change
will have similar or enhanced effects on
these areas. The effects of such changes in
climate (especially increased temperatures)
may be explored using the dune mobility
index.

Examination of climatic data and values of
the Lancaster dune mobility index (Muhs
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and Holliday 1995; Muhs and Maat 1993)
for the Great Plains of USA indicate that
the main control of dune mobility in this
region is effective precipitation (P/PE),
which determines vegetation cover. Wind
energy is generally more than sufficient for
active sand transport. Therefore any
change in the P/PE ratio as a result of
increased temperatures and/or decreased
precipitation will lead to higher values of
the mobility index and increased potential
for sand mobility. Modeling of future
climatic conditions for the Great Plains and
the Colorado Plateau (Fig. 8) suggests that
increased temperature and reduced
precipitation predicted by climate models
will lead to widespread reactivation of
dunes and sand sheets in this region (Muhs
and Maat 1993).

The Kalahari region of southern Africa
contains extensive vegetated sand sheets as
well as linear dune systems, which were
formed in past conditions of greater aridity
(Lancaster 1981; Telfer and Thomas 2007).
Field observations (Wiggs et al. 1995) and
satellite images (Thomas and Leason 2005)
indicate that these dunes, especially in the
drier, southwestern Kalahari are very
sensitive to vegetation reduction as a result
of climate variability or disturbance and
become much more active when vegetation
cover is reduced below 14%.

In China, Wang et al. (2009) adopted a
similar approach to Thomas et al. (2005),
and used an unmodified dune mobility
index in a range of future climate scenarios

Thomas et al. (2005) have used a modified
version of the Lancaster dune mobility
index that incorporates monthly data, with
additional moisture lag and seasonality
components in conjunction with
information on temperature, rainfall, and
wind speed from global climate models
(GCM) under a range of future emissions
scenarios to model the response of the
Kalahari region to future climate change.
Regardless of the scenario or GCM, the
dune areas of the Kalahari become
progressively more active in the twentyfirst
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century, becoming fully active by 2070
(Fig. 9).The implications for the current
land use and economy of this region
(dominantly extensive cattle raising) are
obvious and severe.to estimate future trends
in dune mobility in China. Given the vast
extent of dune systems in China and the
different climatic

conditions they experience today,a complex
spatial and temporal pattern is evident, with
some regions experiencing decreased dune
activity in coming decades. Dune activity
increases in most regions after 2040 as a
result of higher temperatures and less
effective precipitation which give rise to
reduced vegetation cover.

Conclusions

Studies of the response of dune systems to
historical climate change and variability
indicate the sensitivity of these systems to
changes in vegetation cover as a result of
changes in effective precipitation. These
observations can be used in conjunction
with simple models for dune activity to
understand the response of dune systems to
future climate change. The results of such

studies show that many arid regions will
experience more widespread and more
intense dune activity in coming decades,
with important implications for human
settlement and land use in many arid and
semiarid areas.
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Abstract

The twenty-first century is facing a
number of challenges due to both
environmental and economic factors.
Burning of fossil fuel has resulted in the
release of huge amounts of CO; in the
atmosphere, a major cause of the climate
change phenomena. This concern as well
as the depletion of oil reserves and
increasing oil prices has prompted some
countries to restrict their export of food
grains and convert them into biofuels.
This is causing a major problem for
countries that do not enjoy food
sufficiency even though they might have
necessary funds for imports. The above
changing environmental and socio-
economic conditions can be dealt with by
ensuring the sustainable development of
desert lands based on a holistic approach
where agricultural, technological, socio-
economic and environmental concepts
are implemented. This is achieved
through: 1) Changing the cropping
patterns in newly reclaimed desert lands
to satisfy food self-sufficiency rather than
food security; 2) Encouraging tree
planting as well as other plant species in
the desert and promoting no-till
agriculture; 3) Implementing new
measures to rationalize use of and
develop water resources (water pricing,
recycling, desalination, new irrigation
and pumping techniques); 4) Promoting
the use of energy efficient as well as solar
/ wind technologies, and designing
housing to save energy and attract new
residents. Facilities such as schools,
hospitals, clubs, and other services
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should be equipped with super-efficient
lighting and appliances and
professionally operated in order to
attract those who will have to migrate
from their homes because of the effects of
global warming or due to expected
population increases; and 5) Building
nuclear power plants in the desert to
replace fossil-fuel based power plants to
decrease CO;, emissions.

Introduction

The twenty-first century is facing a number
of challenges which are due to both
environmental and economic factors. While
on the one hand, the tremendous increase in
the burning of fossil-fuel in developed and
some developing countries has resulted in
the release of huge amounts of CO, and
other green house gases in the atmosphere
which has been considered the major cause
of the climate change phenomena. On the
other hand, the depletion of oil reserves, as
well as increasing prices of oil, has
prompted some countries to convert food
grains into ethanol or other biofuels and
thus restricting the exports of their grain
production causing a major problem for
countries which do not enjoy food
sufficiency even if they have necessary
funds for importing their food needs. These
changing environmental and socio-
economic conditions can be dealt with by
ensuring the sustainable development of
desert lands based on a holistic approach
where agricultural, technological, socio-
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economic and environmental concepts are
implemented.

Desert development requires mobilizing
vast material and human resources,
including farmers, laborers, agricultural
specialists, physical scientists, social
scientists, engineers, and managers,
embracing in integrated manner many fields
of knowledge, resources and responsibility.
The means that make land productive must
be in harmony with, and reinforce, those
that support related socially desirable and
economically viable activities and can
sustain permanent human communities. All
of these must confront two of the most
important limiting factors for self—
sustaining desert development namely
water and energy.

Desert development

Proper development of a desert area
requires coordinated efforts in many
disciplines related to the natural resources,
technological aspects, and community
aspects appropriate for a specific desert
area. This integrated approach is the basis
for different types of desert development
systems. The natural resources include soil
and water appropriate for desert agriculture,
mineral resources (including oil and gas)
for mining and related activities, raw
materials for industrial and agro-industrial
activities, and historical, religious and / or
scenic resources for local and international
tourism. Good quality water is a limiting
factor in most of these activities.
Technological aspects are based on the type
and quality of natural resources, associated
developmental activities, and the level of
education and culture of the original
residents or new settlers in the community.
Energy (conventional or renewable) is one
of the major constrains in dealing with
these activities. Environmental aspects,
based on environmental impact assessment
studies (EIA), have to be taken into
consideration when selecting the
appropriate technology to be used.
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Community aspects deal with infra-
structure, socioeconomic base, desert
architecture and aesthetics; all of which are
very important factors in attracting some of
the inhabitants of the overpopulated cities
to desert communities.

The socioeconomic base of desert
communities depends on one or more of the
following activities:

1) Agriculture, including crop and animal
production.

2) Mining, including oil, gas, and other raw
materials.

3) Industry, including cottage industries,
agri-business as well as small and major
industries, constituting the economic
base of new cities in the desert.

4) Tourism, including religious tourism
(e.g. Saint Catherine, Wadi EIl Natroun
in Egypt), historical tourism (e.g.
Gamalia, east of EI Minya, Egypt), and
environmental ‘scenic’ tourism (e.g. Red
Sea, Sinai, Matrouh, etc. in Egypt).

The above mentioned activities, contribute
to the socioeconomic base of desert
communities.

Sustainable desert development

Sustainable development, or
environmentally sound development,
implies that environment and development
are closely linked and are mutually
supportive. In other words, there will be no
sustained development or meaningful
growth without a clear commitment at the
same time to preserve the environment and
promote the rational use of resources.
Sustainable development argues that the
real improvement cannot occur unless the
strategies being formulated and
implemented are ecologically sustainable
over the long term, are consistent with
social values and institutions, and
encourage public participation in the
development process. As the primary
objective is to provide lasting and secure
livelihoods that minimize resource



depletion, environmental degradation,
cultural disruption, and social instability,
this process can be viewed as an interaction
among three systems: (a) The biological
and resource system; (b) The technological
system; and (c) The socioeconomic system.
The general objective is to maximize the
goals across all these systems through a
dynamic and adaptive process of trade-offs.

In 1990 a task force, sponsored by the
United Nations Development Programme
(UNDP) and coordinated by the author
(Bishay et al. 1992), was assigned the
responsibility to propose strategies for
sustainable development for Egypt. Based
on the findings of the UNDP Task Force,
the author developed a framework structure
, @s shown in Figure 1. This was discussed
with peers in the Fourth International
Conference on Desert Development under
the theme ‘Sustainable desert development
for our common future’, organized by the
International Desert Development
Commission in Mexico city, 25-30 July
1993.

As shown in this figure, in order to achieve
sustainable development (and self reliance),
a balance should be reached between

economic growth and social development,
resource management, and environmental
protection. This is a dynamic system which
would require appropriate management
(especially under micro/macro crisis
conditions), necessary finances, and
research and development with emphasis on
optimization between the ecological and
economic dimensions of development.
Public participation (social and political)
and necessary infrastructure and support
services are of utmost importance in
implementing the different strategies
proposed for achieving sustainable
development. These strategies were
grouped into four sets: (a) Public policy and
legislation; (2) Information management,
monitoring and public awareness; (c)
Technical support (research and
development, training); and (d) Institutional
and international cooperation.

According to the UNDP Task Force, the
proposed strategies should be prioritized as
follows:

- To place human development programs
at the center of development, including
education and training; youth and
empolyement; health and nutrition;
women’s role and status; public
participation.
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Figure 1. Sustainable development in Egypt.
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e To control population growth rates and
to achieve better redistribution of the
people (10 percent of the population to
live in the desert) and to deal with
human resources as an asset for
development.

e To rationalize long term use and
development of freshwater, marine,
land, and energy resources while
minimizing associated pollution and/or
degradation.

Three major factors should be considered
when planning sustainable desert
development. These are (a) Population
increase and uneven distribution; (b) Water
scarcity: and (c) Energy limitations.

Population increase and uneven
distribution:_Egypt’s population in 1990
was about 55 million. In 1997 the
population was about 63 million, and it
reached 66 million in 2000 and about 80
million in 2008. In the year 2017-2020, the
population is estimated to reach 90-95
million. At present, about 98% of the
population lives on less than 5% of the land
(mainly in the Nile Valley and Delta) that is
not desert. What is needed is to promote
birth control, and to achieve a better
distribution of population over the entire
area of the country (approximately 10% of
the population living in the desert).

Water scarcity: Water is the most important
ecological factor in the desert and
represents the most critical resource in
Egypt. In general, rainfall in Egypt is
insignificant; only the northern stretches of
the land, for a short distance inland, receive
an annual rainfall of up to about 200 mm,
and this is used for sporadic cultivation
along the coasts. The Nile is Egypt’s most
important water source, at present
supplying the country with most of its water
requirements. The discharge of the Nile
fluctuates from year to year, with an
average annual discharge of 86 billion m3,
Egypt’s annual share of the Nile water is
55.5 billion mé, which is consumed around
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the year at the rate of 926 m3 per sec during
the winter months and 2660 m3 per sec
during the summer months. An additional
2.0 billion m3, which were expected to
accrue to Egypt in the year 2000 after the
completion of the Jonglei Canal to divert
the Upper Nile in southern Sudan and thus
avoid excessive losses in the Sudd region,
represent all the surplus that Egypt can
obtain from the Nile. In addition, the annual
rate of reuse of agricultural drainage water
was 4.9 billion m3 in 1997 and according to
the Ministry of Irrigation should increase
gradually to 8.40 billion m3 by the year
2017.

Ground water is another valuable source for
use in land reclamation projects. The main
groundwater aquifer lies in the Western
Desert and consists of a thick sequence of
sandstones with clay lenses overlying
basement rocks. The system is confined by
a thick clay sequence in the oases and their
vicinity. This produces artesian conditions
and results in free-flowing wells in the
depression areas. The regional hydraulic
gradient is from the southwest. Studies
indicate that this water has been stored from
the old rainy ages and accordingly should
be considered as fossil water, i.e.,
nonrenewable. Based on a simulation model
as well as technical and economic
feasibility studies, one billion and five
hundred thousand m?3 of this water can be
used annually to irrigate about 143,000
feddans (acres) distributed among the
different Western Desert oases: Kharga,
Dakhla, Farafra, and Bahariya. This is in
addition to the land which can depend on
rainfall for part of its water supply (the
North-West coast and Siwa Oasis). For the
last fifty years, groundwater extraction in
the Kharga and Dakhla depressions has
exceeded natural recharge with resultant
head decline and falling free flow
discharges. The groundwater reservoir is
immense, but the availability of water is
essentially limited by the pumping head.
On the other hand, the groundwater in the
southern part of the Western Desert is



considered to be enough for cultivating
about 250,000 feddans (acres) in East
Oweinat and around the High Dam Lake.

Study of the Water Master Plan reveals that
in the year 1997, Egypt required 66.34
billion m3 of water. In the year 2017, when
Egypt’s population is expected to reach
over 95 million, the situation is
questionable since Egypt’s water needs
would reach about 86.74 billion m3 if we
continue the planned rate of expansion in
land reclamation and if the current
mismanagement of water resources is not
corrected. Some drastic measures and
innovations are needed now, especially that
the effects of global warming on water
availability from different sources are not
easy to predict.

Energy limitations: Energy is another
critical resource. Apart from small
quantities of coal in Sinai, fossil fuels in the
form of oil and gas are known around the
Gulf of Suez and the northern parts of the
Western Desert. Egypt is currently self-
sufficient in both of these, and this
favorable situation may last for some time.
Thus, while in 1991-1992 Egypt’s
production of oil and gas was 55.1 million
tones oil equivalent (MTOE), the
consumption was only 31.9 MTOE, leaving
a balance of 23 MTOE. Production in 2004-
2005 reached 69.7 MTOE while
consumption was 43.7 million, leaving a
balance of 26 MTOE. It should be noted,
however, that about 50 percent of the
production is the share of the foreign
partner. Accordingly, the given balance will
just about pay the partner’s share.
According to a report of the Egyption
National Specialized Councils, the
requirements will reach 70 MTOE in the
year 2019-2020, while the production is
expected to be 104 MTOE. The balance
will not be enough to satisfy the share of
foreign partners.

In recognition of the above, the UNDP
sustainable development program in Egypt
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proposed the following strategies, some of

which are currently being adopted by the

government of Egypt (GOE):

1) Increase tariffs of liquid fuel and
electricity to rationalize their use.

2) Conduct intensive explorations for
petroleum and natural gas to increase
known reserves.

3) Maximize the use of new and renewable
energy resources (through introduction
of incentives).

4) Improve mass transport facilities to
decrease car use.

5) Develop coal and oil shale resources and
convert oil burning systems to gas.

6) In industry, use energy efficient
equipment and conduct waste heat
recovery.

7) Develop fuel technologies to substitute
leaded fuel.

8) Increase public awareness with strategy
issues and renewable energy
applications.

9) Interconnect the national network to
Middle Eastern, African, and European
networks.

The food price crisis

The food price crisis is a global
phenomenon with several commonly
accepted drivers. According to the IMF
2008 World Economic Outlook, the
diversion of food crops to the production of
biofuels is responsible for almost half of the
increase in the prices of major food crops in
2006-2007. Speculative behavior in
commodity markets also contributed to the
crisis. After the real estate bubble burst in
mid-2007, investment and hedge funds
moved into commodity markets in order to
compensate for their losses in the property
market, driving prices up as a result.
Moreover, transport costs rose dramatically
as world oil prices increased by about 90
percent, from $64 in May 2007 to more
than $135 in May 2008. Rising world oil
prices also increased the cost of agricultural
inputs for farmers. Other factors affecting
food prices include rising living standards



in China, India, and other developing
countries, which increased demand for
livestock and feedstock (lbrahim 2008).

The proposed scenario

To achieve sustainable desert development,
i.e. desert development for future
generations, we have to work within the
constraints of water scarcity, energy
limitation, and population increases, as
already indicated earlier. But, we have to
consider three additional important factors:

1. Problems caused by a change in
strategies of grain exporting countries
due to the use of their excess food grains
to convert into bio-fuels instead of
exporting to countries which do not
enjoy food sufficiency. While
embarking on large desert development
projects, this limitation will have to be
considered by changing the cropping
patterns in newly reclaimed desert lands
to achieve food self sufficiency rather
than food security.

2. Problems facing the graduates, who were
allocated 5-6 feddans of desert land
each, and small farmers. These problems
include marketing, inputs, appropriate
technology, credit facilities, etc.

3. Lack of coordination between different
players in a certain region, including
industry, agriculture and domestic
activities. Special emphasis is needed on
integrated water management within a
certain basin as well as rationalization of
water use and development (pricing,
recycling, desalination, new irrigation
and pumping technigues).

In order to solve the above mentioned
problems, it is proposed to create viable
multipurpose communities based on a
particular water basin. These communities
would occupy reclaimed desert land and
involve industrial, agro-industrial, and
urban activities in addition to agricultural
activities. In other words, we should have
rural, industrial and urban communities
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intermingled in such a way that they would
benefit from each other economically,
socially, and environmentally, within the
needs of the country as a whole.

To achieve the above, it is proposed to
create holding companies, which would
represent graduates, small farm owners,
business owners and other investors and
players in the area. Each holding company
and its specialized divisions must work
together towards supporting and developing
the proposed multipurpose communities.
The mission of the Holding Company
should be to help in solving the problems of
graduates and small investors, to support
and develop proposed multipurpose
communities, and to work towards
achieving sustainable development for the
zone as well as satisfying food and other
needs of the country as a whole through:

1. Integrated management of natural,
human and historical resources.

2. Environmental protection against all
types of pollution (air, water, soil, noise,
visual, etc).

3. Community development (providing
necessary services and amenities:
education, health, employment, etc) with
emphasis on public participation.

. Proper planning and management of
financial resources and providing credit
services to small investors and
graduates, which they may use in
purchasing inputs, marketing and/or
processing agricultural products.

5. Food production to ensure food self
sufficiency for the whole country based
on a strategic plan adopted by a high
level Food Council concerned with
overcoming food deficit and the food
price crisis.

Global warming

Global warming is caused by an increase in
the earth's greenhouse effect due to
increases in CO, levels in the atmosphere as
a result of increased burning of fossil fuels.
In order to mitigate the dangerous impacts
of global warming, we need to reduce CO,
levels in the atmosphere through decreasing



fossil fuel use and absorbing emitted CO,
by forest eco-systems.

The effects of global warming on Egypt's
water resources are not accurately
predictable. However, an increase in
temperature is expected to raise rates of
water evaporation, thus leading to slight
decreases in available water for agriculture,
industry and domestic uses. Further more,
the changes in rainfall locations, delivery
rates and seasons, may result in the loss of
some of the rain water used in agriculture
and domestic uses in case of continuing
activities at the north shore. However,
since it is expected that a major part of the
north shore will be covered with sea water
as a result of global warming, these
activities would have to be moved away
from the sea, probably to desert lands
developed to take care of this situation as
well as migration of its inhabitants and
increased population growth occurring
because of the failure of population control
measures.

Climate change may also result in decreases
in the productivity of some agricultural
crops such as wheat and barley. Because of
the diversion of food grains to biofuel
production in the traditional grain exporting
countries, there would be difficulty in
procuring food grains in deficit countries
like Egypt. When preparing the 1992
UNDP supported “Strategies for sustainable
development in Egypt”, it was stressed that
food self-sufficiency is not expected nor
aimed for (Bishay et al. 1992). It was then
suggested that what is needed is to achieve
self reliance within the agricultural sector
by shifting emphasis to high value, low
water demanding crops which have high
export potentials. Furthermore, since
agriculture uses 84% of Egypt’s water
resources, more emphasis should be given
to other income generating, low water
demanding sectors (e.g. industry and
tourism) ; and it was then concluded that
food security can be achieved through the
income generated from all these sectors.
Development of the “desert village” as an
agro-industrial complex is the umbrella
under which institutions should serve.
Small scale relevant and clean industries
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were also recommended for the newly
reclaimed areas.

Now, in the year 2008, with the extreme
changes in food prices coupled with the
difficulty of importing corn and other food
products, we must revise the earlier concept
of ‘food security’ and work towards ‘food
self-sufficiency,” which can be achieved
through the sustainable development of our
deserts as well as by a revision in the
cropping patterns recommended for the
Delta, the Nile Valley and the reclaimed
desert lands.

Global warming, global food reduction,
and sustainable desert development

The burning of fossil fuel results in the
release of huge amounts of CO, in the
atmosphere causing the climate change
phenomena. This situation is expected to
raise the level of sea water which could
cover different areas of land resulting in
loss of lands used for housing, agriculture
and industrial activities. It is suggested that
a 0.5 meter sea level rise in the delta would
cause migration of more than two million
individuals, loss of more than 214,000 jobs
and a value loss of more then $40 billion.
This phenomena as well as the tremendous
increase in the price of fossil fuels and the
fact that they are unsustainable and
concentrated in certain areas of the world
(like the Middle East), encouraged
countries to convert crops into biodiesel as
well as promote other renewable energy
systems (solar, wind, etc.).

The above changes in environmental and
socio-economic conditions facing the world
can be dealt with in countries such as Egypt
by ensuring the sustainable development of
its desert lands based on a holistic approach
where agricultural, technological, socio-
economic and environmental concepts are
implemented, taking into consideration the
effects of global warming and the need for
its mitigation as well as the increasing price
of fossil fuels. This can be achieved
through:

1. Changing the cropping patterns in
newly reclaimed desert lands to satisfy



food self-sufficiency rather than food
security.

2. Encouraging tree planting in the desert,
not only as wind breaks, but also for
absorbing CO,, as well as other crops
for sequestering carbon.

3. Promoting no-till agriculture and
optimizing energy use in agricultural
management.

4. Implementing measures to rationalize
the use of, and developing, water
resources (water pricing, recycling,
desalination, new irrigation and
pumping techniques).

5. Promoting the use of energy efficiently
as well as solar / wind technologies, and
designing housing to save energy and
attract new residents. Facilities such as
schools, hospitals, clubs and other
services should be equipped with super-
efficient lighting and appliances and
professionally operated in order to
attract those who will have to migrate
from their homes to developed desert
lands because of effects of global
warming or due to expected population
Increases.

6. Building nuclear power plants in the
desert to replace fossil-fuel operated
power plants would decrease CO,
emissions. This, however, will depend
on solutions to nuclear waste disposal
and ensuring that these plants can run
without accidents.

Conclusions

In 1978, I had a dream of founding a for
Desert Development Center (DDC) at the
American University in Cairo (AUC), based
on the holistic approach. This was
successfully demonstrated at the AUC,
DDC in Sadat City and South Tahrir. The
success of this experiment encouraged us,
in 1992, with UNDP support, to use it as
the basis for strategies proposed for
sustainable development in Egypt. Later, in
1997, when the concept was applied to
desert development, it was proposed to
create viable multipurpose communities,
involving agricultural, industrial, agro-

industrial and urban activities, with the
creation of holding companies to implement
the program. Now, in 2008, this proposal is
needed more than ever, since these holding
companies should be responding to the
implementation of activities that promote
food self sufficiency in Egypt and reduce
the effects of climate change. Naturally, this
would imply the creation of a high level
Food Council, which would monitor the
implementation activities of the holding
companies to ensure a balance between the
different needs of the country, as a whole.
This food council must have supreme
executive powers to implement all
necessary steps needed to rationalize the
use of water. It is time to start changing the
tradition of flood water irrigation to drip or
sprinkler or other suitable systems. Also
there is a need to impose severe penalties
on those who use flood irrigation in the
desert and on those who cultivate rice or
other high water demanding crops in the
desert areas.

We should promote and even subsidize

the use of renewable energy. The

present system of giving 5 acres of land
holding in the newly reclaimed areas to
some university graduates has not
achieved its goal of encouraging
agricultural production, improved
livelihoods and overall development
because the graduates face many
problems. The proposed holding
companies should help them face their
problems as well as plant appropriate
crops.There should thus be a system
devised to ensure that food self
sufficiency is reached by well designed
agriculture suited to the available

natural resources in the country. These

are alarming times, which necessitate

very strong measures.
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Abstract

The growing information from climate
change studies indicates that agriculture
is one of the most vulnerable human
activities under the projected changes.
Agriculture represents one of the most
important human activities in Egypt.
Agriculture is key sector for the
socio-economic development, and it plays
a significant role in the Egyptian national
economy. Moreover, agriculture has
importance in the social structure of
rural regions in Egypt, and it is
responsible for their social stability.
Egypt is fairly unique in the distribution
of its population, high crop productivity,
land-use change, agricultural
management efficacy and economical
impacts, which make it extremely
vulnerable to any potential impact on
climate, water resources and coastal
zone. Climate change impact studies
predict a reduction and change in crop
productivity in Egypt. These reductions
in cereal crops are likely to affect the
national income from agriculture,
increase food gap, and affect the
standard of living of the people. Also
competition between water demands for
domestic sector and agriculture sector is
predicted to intensify due to population
increase and the growing demands for
irrigation water to overcome climate
change impacts on cultivated crops.
Development of adaptation plans is
therefore one of the top priorities of
sustainable development of agriculture
sector in Egypt. Adaptation plan for
agriculture sector should be
characterized as integrated, sustainable,
economically efficient, continuous and
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long term plan. However, complicated
relationships amongst various
components of agriculture sector and
between the agriculture sector and the
other sectors accentuate the difficulties in
adaptation planning.

Climate change - the growing challenge

In a high level conference of FAO held in
Rome in June 2008, the delegates asserted
that agriculture, as a fundamental human
activity, is not only at risk from climate
change, but it is a major driver of
environmental and climate change itself. It
contributes to the largest anthropogenic
impact on land and water resources (FAO
2008). Although there is still certain level
of skepticism about climate change, recent
thorough studies have concluded that
warming of the climate system is
unequivocally occurring as is evident from
the observations of increases in global
average air and ocean temperatures,
widespread melting of snow and ice and
rising average sea level (IPCC 2007b).

IPCC (2001b) identified ‘Climate change’
as a change in the state of the climate that
can be identified (e.g. using statistical tests)
by changes in the mean and/or the
variability of its properties, and that persists
for an extended period, typically decades or
longer. It refers to any change in climate
over time, whether due to the natural factors
or as a result of human activity. This usage
differs from that in the United Nations
Framework Convention on Climate Change
(UNFCCC 1992), where climate change is
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referred to a change in climate that is
attributed directly or indirectly to human
activity altering the composition of the
global atmosphere, and that is observed
over time periods in addition to natural
climate variability. IPCC (2001b) defines
the term ‘climate variability’ as variation in
the mean state and other statistics (such as
standard deviations, the occurrence of
extremes, etc.) of the climate on temporal
and spatial scales beyond that of individual
weather events. Variability may be due to
natural internal processes within the climate
system (internal variability), or due to the
variations in natural or anthropogenic
external forcing (external variability).

The scientific evidences attribute climate
change to the energy imbalance occurring
in the global energy cycle, the so called
‘greenhouse effect’ phenomena (IPCC
2007c). This imbalance is attributed to the
fast increase in the concentrations of
greenhouse gases (GHGs) and aerosols in
Earth’s atmosphere. GHGs and aerosols
affect climate by altering incoming solar
radiation and out-going infrared (thermal)
radiation that are part of Earth’s energy
balance (IPCC 2007c). GHGs
concentrations increased dramatically since
the start of the industrial era (about 1750) as
a result of the fast human development
based on easy access to fossil fuel energy
and the extensive change in land use
patterns. The human impact on climate
during this era greatly exceeds that due to
known changes in natural processes, such
as solar changes and volcanic eruptions.

The recent climate change studies (IPCC
2007c) have concluded that global surface
air temperature increased by 0.76 °C from
the year 1850 to year 2005. The linear
warming trend over the last 50 years is
recorded to be 0.13°C per decade. Rising
sea level is consistent with the warming of
air. Global average sea level has risen since
1961 at an average rate of 1.8 mm/yr
(range 1.3 to 2.3) and since 1993 at the rate
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of 3.1 mm/yr (range 2.4 to 3.8), because of
thermal expansion, and melting of glaciers,
ice caps, and the polar ice sheets.
Additionally, an increase in the frequency
and the intensity of the extreme weather
events of tropical cyclones and storms, heat
and cold waves, floods and droughts, is
strongly observed. Observational evidence
from all continents and most oceans shows
that many natural systems are being
affected by regional climate changes,
particularly temperature increases.

Khalil et al. (2008) have observed a general
trend of warming in Egypt in the last 30
years, based on a comparison between air
temperature parameters of years 1975 and
2004. Comparison with the average
historical normals up to 1975 revealed a
general trend of increase in mean
temperature by 0.46 °C. Furthermore, the
average trends of minimum, maximum and
mean temperature from 1990 to 2004 were
higher than those observed between 1975
and 19809.

The most likely trend of future global
change indicated in the fourth assessment
report of IPCC (IPCC 2007c) for the next
two decades is a warming of about 0.2°C
per decade projected for a range of SRES
emission scenarios. The projected warming
will be associated with a precipitation
increase very likely in high latitudes, and
decrease in most subtropical land regions.
The frequency and the intensity of the
extreme events, expansion of the areas
affected by drought and floods, and the
incidence of extreme high sea levels are all
predicted to increase.

The historical climate records for Africa
show warming of approximately 0.7°C over
most of the continent during the twentieth
century (Desanker 2002). More over, all of
Africa is very likely to warm during this
century, and the warming is very likely to
be larger than the global warming (IPCC
2007a). Additionally, climate data gathered



in North Africa region during the twentieth
century indicated an increase in the
temperature by more than 1 °C in the last
40 years (Agoumi 2001).

Why climate change is such critical issue
for agriculture?

The projected climatic changes will be one
of the most important challenges for
agriculture in the twenty-first century,
especially for developing countries and arid
regions (IPCC 2007a). The risks associated
with agriculture and climate change is a
result of the strong complicated
relationships between agriculture and
climate system, plus the high reliance of
agriculture system on the natural resources.
The first face of this complicated
relationship is the fact that agriculture
plays an essential role in hydrological
cycle, carbon cycle and global energy cycle.
On the other hand, agriculture is one of the
important human activities that accounts for
about 13.5 to 15 per cent of total global
GHGs emissions. Agricultural activities
contribute directly to emissions of GHGs
through enteric fermentation from domestic
livestock, manure management, agricultural
soils, rice cultivation, and the burning of
savanna and agricultural residues (IPCC
1996). Forty five per cent of agricultural
GHGs emissions are attributed to methane
emissions (WRI 2000), and 10% to rice
cultivation; these together account for 1.5
per cent of global GHGs emissions. In
Egypt, the agriculture sector is the second
largest source of GHGs emissions
accounting for 15% of total national GHGs
emissions (EEAA1999). It is the main
source of methane emissions, mainly from
rice cultivation and animal wastes.

Agricultural sector of Egypt: the impacts
and the vulnerability

Globally, climatic changes are projected to
produce serious impacts on agriculture
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production. The most projected global
impacts over agriculture system could be
summarized as a serious change in crop
productivity, change in cropping patterns
and cultivation seasons, increase in
irrigation requirements, the increase in the
intensity and the severity of pests and
diseases, loss of agriculture land due to sea
level rise (SLR), and agricultural soil
degradation (Bazzaz and Sombroek 1996;
IPCC 2007a). The magnitude of these
impacts will differ depending on the level
of vulnerability of the region and the
adaptation capacity of the local agricultural
systems.

The agriculture sector in the Med-latitude
region and in the arid and semi-arid regions
is exposed to high vulnerability because of
the projected impacts of climate change. At
the regional level of analysis, the future
impacts are predicted to affect agriculture
system in the Mediterranean countries, and
increase its vulnerability to environmental
and social hazards (Iglesias 2002). For the
African continent, agricultural production,
including access to food, in many African
countries is projected to be severely
compromised by climate variability and
change. Additionally, yields from rain-fed
agriculture in Africa could be reduced by
up to 50% by 2020, and the projected sea-
level rise will affect low-lying coastal areas
with large populations, the cost of
adaptation for which could amount to at
least 5-10% of GDP.

The impacts of climatic changes on
Egyptian agricultural sector have been
investigated in only a few studies. (Table 1)
presents the results of some important
studies on the impact of future warming on
the production of some major field crops in
Egypt. The overall conclusion of the most
studies is that there will be a general trend
of reduction for the most major field crops.
Crop-water requirement is one of the
important considerations in agriculture
production; hence the impact of climate



Table 1. Projected changes in crop
production of some major crops in Egypt
under climate change conditions

Crop Change % Reference
2050s | 2100s
Rice -11% Eid and EL-
Marsafawy
(2002)
Maize -19% Eid et al.
(1997b)
-14% | -20% | Hassanein and
Medany ( 2007)
Soybeans | -28% Eid and EL-
Marsafawy
(2002)
Barley -20% Eid et al.
(1997hb)
Cotton +17% | +31% | Eid et al.
” (1997a)

" Temperature increased by 2°C
“ Temperature increased by 4°C

change on this attribute has been studied at
the national level. The results indicate that
the future warming will lead to increase in
potential evapotranspiration (ET,) over
Egypt. This increase will be uneven
depending on regions and seasons. Potential
irrigation demands are projected to increase
by 6.4-16.0% by 2100s (Attaher et al.
2006). Under the projected change in the
ET, in Egypt, the crop-water demand is
projected to face significant changes that
may vary according to the crop type and the
season of cultivation (Attaher et al. 2006).
(Fig.1) illustrates the change in crop-water
requirements of major crops due to the
change in temperature and CO;, levels based
on IPCC SRES scenarios of Al and B1 for
years 2025s, 2050s and 2100s (Attaher and
Medany 2008).

The impact of climate change has been
studied on some such important diseases at
the national level, as pear early blight (Abo
Elmaaty et al. 200?), potato late blight

The vulnerability of the agricultural sector in
Egypt

Fussel and Klein (2006) identified the
‘vulnerability’ of the systems to climate
change as the degree to which geophysical,
biological and socio-economic systems are
susceptible to, and unable to cope with, the
adverse impacts of climate change.
Generally speaking, Egypt is located in the
arid region that can be affected greatly by
the adverse effects of climate change (IPCC
2007a). Egypt is fairly unigue in the
distribution of its population, land-use and
agriculture, and economic activity which
makes it extremely vulnerable to any
potential impacts on its water resources and
coastal zone.

Agriculture represents one of the most
important human activities in Egypt.
Agriculture is key sector for the
socio-economic development in Egypt, and
it plays a significant role in the Egyptian
national economy. About 50% of the
Egyptian population relies on it for income
generation and job opportunity creation,
and it accounts for about 17% of GDP. The
agricultural sector employs more than 30%
of the labor force, and provides about 20%
of the country's exports and a large portion
of the important processing industries
depend on raw materials produced by the
sector. The role that agriculture plays in
Egyptian economy and the high
environmental pressures to which it is

nts change [%]
T

il k]

(Fahim et al. 2007), and wheat rust (Abo
Elmaaty et al. 2007).

Figure 1. Projected percent change between the current and
the future values (for years 2025s, 2050s and 2100s) of seasonal
crop-water requirements of some major field and vegetable
crops in Egypt (Source: Attaher and Medany 2008).
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already exposed are the reasons that
motivate the agriculture community to
conclude that Egyptian agriculture is
highly vulnerable to future climate changes
(Attaher and Abou Hadid 2003).

The agricultural land area in Egypt does not
exceed 3.3% of the total Egyptian land area
and it is confined to the narrow strip which
boarders the main course of the River Nile
and the Nile Delta. The cultivated land area
of Egypt in 2000 was about 8 million
Feddan. The fertile ‘Old lands’ in the Nile
Valley and the Delta region account for
80% of agricultural area, and the remaining
20% is accounted for by the newly
reclaimed in the desert regions. The
intensity of cropping ranges from 178.5 to
179.5% and it the highest in the world.
Egypt is also unique in the world in
irrigated agriculture as about 95 to 97% of
the agricultural area is fully irrigated, and
about 90% of the remaining 3 to 5 % area
that is rainfed receives supplementary
irrigation. The productivity of field crops in
Egypt is on of the highest in the world
because of the adoption of new cultivars,
application of modern technologies and
improved management practices (Fig. 2).

Agriculture in Egypt is less sensitive to
climate variability, due to heavy reliance on
irrigation. However, heat and cold waves
cause severel harmful impacts on crop
productivity, especially on fruit and
vegetable crops. The intensity of the heat
and cold waves has increased in the past 20
years, exposing growers to greater risks. El-
Raey et al. (1999) report that the increase in
temperatures and the frequency of extreme
events will reduce crop yield, and change in
average temperature will induce changes in
the spatial distribution of crops.

Agriculture puts a serious pressure on water
sector. Several factors are responsible for
this: (i) 85% of total available water is
consumed in agriculture; (ii) 95% of the
cultivated area is under fixed irrigation
system, where water-use efficacy is low
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Figure 2. A comparison of the productivity of
major groups of field crops in Egypt with the
world average (source: FAO 2007).

compared to the other water consumption
sectors, and (iii) about 80% of cultivated
land has surface irrigation system, which is
low in efficiency (less than 60%); and this
is coupled with poor irrigation management
(Abou Zeid 2002). The overall national
development policy for Egypt, in the period
1997 to 2017, aims to add 3.5 million
Feddan to be irrigated by 2017. However,
under current water situation, reclamation
projects face a lot of problems due to water
shortage, soil quality and lack of
investments. The ongoing expansion of
irrigated areas will reduce the capacity of
Egypt to cope with future fluctuations in the
flow of water (Conway 2005). Moreover,
the profitability of the new lands is
predicted to decrease under climate change,
due to water shortage problems, high
production cost, and soil degradation (Eid
et al. 2001). Also the competition for water
demand between domestic-use sector and
agriculture sector is predicted to intensify
due to population increase and climate
change pressures on water resources. This
will produce more stress on the standard of
living of people in Egypt (Conway 2005).

Due to high demographic pressure, about
80% of the old cultivated area is accounted
for by holdings of less than five Feddan per
owner (CAPMAS 2001). These areas are
owned by farmers who have limited
capacity for investment; as a result they




follow less efficient management systems
with low technology level. This is one of
the important limitations in improving
traditional agricultural systems. Moreover,
it also increases the risk of farmers to
environmental and economical pressures.
The fertility and the quality of the old lands
is adversely affected by poor water
management and agricultural practices.
Salinity and water logging problems are
common in many locations in the Delta
region (Amer et al. 1997). The estimated
reduction in crop productivity and changes
in cropping patterns in Egypt due to climate
change are likely to affect the national
income from agriculture, and increase food
gap, and affect the standard of living of the
people.

The Nile Delta region is the most important
agriculture region in Egypt, as it has about
one half of the total cultivated area (about
4.3 million Feddan), and about 93 % of its
land is ‘old land’. The overall agricultural
system in Delta region is considered as one
of the most intensive and complicated
agriculture systems in the world. With the
rise in sea-level because of climate change
about 12-15% of the existing agricultural
land in the Delta region could be lost (Abd
El-Wahab 2005). The region has most
fertile agricultural lands and cities that have
high population, important industries, high
infrastructure, etc. All these will be exposed
to sea level rise and salt water intrusion and
soil salinization (El-Raey et al. 1999).
Medany and Attaher (2008) report that the
northern part of the Nile Delta region could
be the most vulnerable sub-region in the
Nile Delta region because of sea level rise,
soil and water degradation, limited
cropping-pattern, yield reduction, and poor
irrigation and drainage management.
Urbanization and the reduction in the size
of land holdings were the main causes of
vulnerability in south Delta sub-region.

Agriculture plays an important role in social
structure of many rural regions in Egypt,
and it is responsible for social stability in
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these regions. In less developed rural
regions, agriculture is taking the shape of
‘family business’; so it encourages the
union inside the large families, and reduces
the tendency for emigration from the rural
to urban cities. As the family business in
agriculture requires large families, it tends
to negate family planning and adds to
demographic pressures on the resources.

Marketing pressures are also increasing
gradually for agricultural products, due to
international trade fluctuations and export
restrictions and protocols (e.g., Eurogap).
The current level of agricultural
management, high production cost, and
failure to meet export quality standards
contribute to low income. Local markets
have significant fluctuations in the pricing
of crop produce from year to year. Besides
prices fluctuation, farmers also face serious
problems in transporting the agricultural
products to the local markets. Furthermore,
the level of knowledge of farmers
represents one of the important limitations
in agricultural development and adaptation.
The knowledge level of farmers, in term of
modern management practices and
technologies, is low. Also, the lack of
dissemination of information in rural areas
is limiting the management development
efforts. The current agriculture information
systems are still traditional and are not
suitable enough for enhancing the
knowledge level and meet the knowledge
requirements of farmers. On the other hand,
the extension services have problems in
acquiring the information from appropriate
sources (research centers and
administration), and they are therefore
unable to meet the farmers requirements in
many rural areas in Egypt.

Mitigation and adaptation: the real
challenge!

IPCC defined ‘adaptation’ as any
adjustment in ecological, social, or
economic systems in response to actual or
expected climatic stimuli and their effects



or impacts. This term refers to changes in
processes, practices, or structures to
moderate or offset potential damages or to
take advantage of opportunities associated
with changes in climate. It involves
adjustments to reduce the vulnerability of
communities and regions to climate change
and variability (IPCC 2001a).

In developing countries, the priority for
adaptation plans to climate change is for the
systems that are highly vulnerable. As
climate change is projected to have serious
impacts on agricultural sector in Egypt,
modest efforts are being made in scientific
research, for developing mitigation and
adaptation strategies. A large number of
adaptation measures could be addressed in
order to overcome the adverse effect of
climate change in agriculture production
under Egyptian conditions. Table 2 presents
measures that were suggested in the first
national communication report of Egypt
(EEAA, 1998). In a recent study conducted
in order to investigate the effect of
stakeholders' engagement in adaptation
planning in Egypt, changing the crop
patterns and varieties, and improving
irrigation management were primary
adaptation measures suggested by the
stakeholders, reflecting the problems
related to the current cropping patterns and
use of varieties (Medany et al. 2007).
Designing and application of adaptation
strategy for the agriculture sector is
currently suffering from the limitation of
gaps in scientific knowledge, policy
perceptions, poor adaptive capacity of the
rural community, lack of financial support,
and absence of appropriate institutional
framework.

Medany et al. (2007) suggested that
designing adaptation strategy for agriculture
sector should consider the simple and low
cost adaptation measures that may be
inspired from traditional knowledge, and
meet local conditions and are compatible
with sustainable development requirements.
Solutions based on high level of technology

167

Table 2. Climate change priorities for mitigation
and adaptation measures in the agriculture
sector, 1999

Priority Measures
sector

- Reduction of rice cultivated area

- Improved management of rice
cultivation

... .. |- Improved nutrition on small farm

Mitigation )

- Widespread use of small on-farm
digesters

- Planting of shelter belts on Northern
Coast

- New cultivars

Adaptation

Less water consuming crops

- Change cropping patterns

Source: EEAA (1998)

and high initial costs might not work.
Addressing climate change mitigation and
adaptation as an integral part of
development strategies can increase their
efficiency and durability. Medany et al.
(2007) made following suggestions to
enhance the planning of adaptation and
mitigation strategies for agricultural sector
under Egyptian conditions

e Improve the scientific capacity should
be in the top priorities of development
planning.

e Political and financial adoption of
adaptation strategies.

e The bottom up approach of planning
and implementing adaptation and
mitigation strategies.

e Developing community-based
measures by stakeholders' involvement

in adaptation planning, and improving
the adaptive capacity of the different
human sectors.

e Increase the public awareness and
improve the concept of climate and its
relation to environmental and human
systems.

e Improve adaptive capacity of the
community based on a clear scientific
message and strong governmental
support.



Attaher et al. (2009) studied the farmers'
perception for adaptation planning in the
Nile Delta region and concluded that
farmers have a real initiative to act
positively to reduce the impact of climate
change. As community engagement in
adaptation planning is very important, the
scientific evaluation should take in account
more practical sets of adaptation measures
based on traditional knowledge.

Conclusion

Agriculture represents one of the most
complicated and important human activities
in Egypt. Itis a key sector for the
socio-economic development, and it plays a
significant role in the Egyptian national
economy. Moreover, it plays important role
in social structure of rural regions in Egypt,
and is responsible for their social stability.
Climate change impact studies predict a
reduction in the productivity of cereal
crops, which is likely to reduce the national
income from agriculture, increase food gap,
and adversely affect the standard of living
of people in Egypt. Climate change will
also have a serious impact on agricultural
water-demands in Egypt, causing more
stress on standard of living of the people.
Adaptation planning is one of the top
priorities for sustainable development of
agriculture sector in Egypt. Complicated
relationships amongst the various
components of agriculture sector and
between agriculture sector and other sectors
accentuate the difficulties encountered in
adaptation planning. Adaptation plans
should be integrated, sustainable, and
economically efficient long term plans.
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16. Combating aeolian desertification in drylands of China
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Abstract

Aeolian desertification is a land
degradation through wind erosion,
mainly resulting from the excessive
human activities in arid, semiarid and
some sub-humid regions in Northern
China. Camparing the results of
analyses of remote sensing data of late
1950, 1975, 1987 and 2000, one can
conclude that the development of aeolian
desertified land in Northern China has
being accelerating in the last 5 decades,
as the annual expansion rate was 1,560
km? during late 1950 and 1975, 2,100
km? between 1975 and 1988 and 3,600
km? between 1988 and 2000. The impact
of human activities on the process of
desertification is much more strong than
the natural one. Changes in the landuse
pattern (from rangeland to farmland)
and increase in the landuse intensity
(over-cultivation, over-grazing and over-
fuelwood collection) have been the main
anthropogenic factors. The natural
vegetation has been destroyed by
excessive human activity and that has
accelerated the process of desertification.
For example, such human impact can
increase wind erosion 4 to 10 times in
contrast to that occuring naturally.
Along with increased desertification,
there is also acceleration of loss of soil
fertility, bio-diversity and bio-
production, 3 to 10 folds or more because
of human factors in contrast to the
natural process. China has made much
progress in understanding and
combating the process of desertification
through many efforts for decades and
many projects have been carried out.
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One of them is the National Project of
Grain for Green Program and 1060
counties in 22 provinces have been
included in this project. The objective is
to take away 3.67 million ha of dry land
farming and degraded steppe area, and
5.13 million ha of aeolian desertified land
and rehabilitate it by reforestation and
revegetation by the end of the Program.
There are about 8 million ha of lands
under the threat of aeolian
desertification and this will be brought
under control in the next ten years and
26.67 million ha of windbreaks will be
planted. The total financial input is
estimated to be about 75 billion Yuan (11
billion US$) to be provided by the central
government.

Introduction

According to the United Nations
Convention to Combat Desertification
(UNCCD 1994) and the actual situation in
China (Wang 2004), desertification is a
very serious environmental and socio-
economic problem facing the world. The
desertification can be classified into several
major types, namely aeolian desertification,
soil and water erosion and salinization. One
of the main manifestations of desertification
in Northern China is aeolian desertification.

Aeolian desertification is caused by
imbalance between environment and
development. It not only results in the
destruction of resource-environment system
and increase in poverty, but also endangers
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the social stability and sustainable
economic development. Therefore, it has
attracted widespread attention of
international community. China is one of
the countries suffering from severest
desertification in the world, especially the
rapid aeolian desertification in Northern
China. Its tremendous impact on
environment, society and economy has
received considerable attention. Aeolian
desertified lands are mainly distributed in
the arid, semiarid, and parts of sub-humid
regions of Northern China, including the
Inner Mongolia, Ningxia, Gansu, Xinjiang,
Qinghai, Tibet, Shaanxi, Shanxi, Hebei,
Jilin, Liaoning and Heilonjiang provinces
(Zhu and Liu 1989). According to the
actual situation in China and the studies
conducted over the past 30 years, the
aeolian desertification is mainly resulting
from the excessive human activity in the
arid, semiarid and some parts of sub-humid
regions of the country (Wang 2008).

China has launched a multidisciplinary and
comprehensive research program to combat
aeolian desertification. Over the last 50
years, researchers have made some
encouraging progress in this field of study,
and much work has been conducted in the
regions with fragile eco-environmental
conditions and excessive human activity as
indicated by a high man/land ratio.
Through remote sensing monitoring of
aeolian desertification along with field
investigations in large regions, we have
achieved a good preliminary understanding
of the causes, distribution, and types of
aeolian desertification and damage caused
by it in Northern China. Through
multidisciplinary research of aeolian
desertification developmental processes,
including blown sand dynamic processes,
biological processes and anthropogenic
processes, the role of human and natural
impact on the aeolian desertification
processes has been clarified and a multi-
level comprehensive indicator system of
aeolian desertification with blown sand
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activity as the main indicator has been put
forward (Wang, Zhao and Xiao 1999).

Spatial-temporal distribution of aeolian
desertification in Northern China

Between 1950°s and 2000, aeolian
desertification has developed mainly in the
agro-pastoral zones of the Northern China
(Fig. 1) and to some extent in the marginal
lands outskirts of deserts and low reaches of
inland river basins in the Western China.
The total aeolian desertified land in China
was 0.137 million km? in 1955; it increased
to 0.176 million km?in 1975, 0.334 million
km?in 1987, and 0.386 million km? in
2000. During last 50 years, aeolian
desertified land expanded with an annual
rate of increase of 1,560 km?from late
1950s to mid 1970s, 2100 km? from mid
1970s to late 1980s and 3600 km? during
1990’s. The total area of aeolian desertified
land in the Northern China was
38.57x104km?. The aeolian desertified
lands lost huge amount of soil which was
carried by dust storms to the Eastern China,
such as Beijing, and even to Korea and
Japan. The direct and indirect economic
loss by the aeolian desertification is
estimated to be around 45 billion Chinese
Yuan (USD $5.6 billion) per year affecting
nearly 300 million people in Northern
China.

Aeolian desertified lands in China, in 2000,
covered a total area of 38.60x10* km? and
form a discontinuously distributed as arcic
belt from Northeast China to North China
and to Northwest China. Of this total area,
29% is distributed in the mixed farming-
grazing regions and rainfed farming regions
in the eastern part of semiarid zone and part
of sub-humid zone (mainly in the Otindag
aeolian land, Horgin aeolian land, Bashang
region of Hebei province and Houshan
region in Inner Mongolia) with wind
erosion and sand sheet as the striking
features; 44% is distributed in the middle
and western parts of semiarid zone and
desert steppe zone (mainly in the middle of
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Figure 1. Spatial distributions of aeolian desertified land in Northern China in 1950s, 1987,
and 2000. Human activities have also pushed the agro-pastoral boundary northwards by

approximately 200 km from 1950s to 2000.

Inner Mongolia) with reactivated fixed
dunes and shifting sand spread as the main
features; and 27% is distributed at the
margin of oases in arid zone and lower
reaches of inland rivers (mainly in the Alxa
region of west Inner Mongolia, northern
part of Hexi Corridor region in Gansu and
lower reaches of the Tarim River in
Xinjiang) with reactivation of fixed dunes
as the main feature.

Rapid expansion of aeolian desertified land
not only seriously endangers the eco-
environment and socio-economicconditions
but also greatly hinders the ‘Ecological
Construction of the Twenty-first Century’
and the implementation of the Western
Development in China, especially
hampering the development and the
improvement of people’s living standard in
the regions.

Combating aeolian desertification in
Northern China

China has made much progress on
understanding and combating the process of
desertification through many rersearch and
development efforts since 1950’s and many
projects have been carried out. According
to the natural and economic conditions of
arid and semiarid regions and aeolian
desertification developmental trends in
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Northern China as well as some typical
experiences in aeolian desertification
control, combating aeolian desertification
has to take into consideration ecological,
economic and social benefits. It has also to
follow the ecological principles of moderate
utilization of natural resources and
harnessing complementation to contain
landuse during the combating processes
(Wang 2004). In order to improve the
ecosystem of the whole arid and semiarid
regions we should undertake an overall
planning and adopt comprehensive
combating strategies. In respect of
economic development the principle of
diversified economy dominated by forestry
has to be practiced, while the attempts are
made to control population growth. The
arrangements for implementing projects to
combat desertification should include three
components: (a) research organizations
mainly undertake aeolian desertification
control experiments in the experimental
plots; (b) research organizations in
cooperation with production departments
conduct experiments in the demonstration
plots; and (c) production departments and
local people popularize successful
techniques.

In the mixed farming-grazing region where
residential areas, cropland and grassland are
scattered all over, using ecological



household as an unit, such measures as
prohibiting grazing, readjusting rainfed
farming-dominated landuse structure,
increasing forest and grassland area,
intensive management of land with better
water and fertility conditions, establishing
farmland forest net and patchy forests
(shrub) in interdune depressions have to be
adopted to control aeolian desertification
spread and contribute to economic
development. In the grazing grassland a
rational stocking rate and rotational grazing
system has been established, in addition,
efforts should be made to construct artificial
grassland and forage base, rationally
arrange drinking water wells, define grazing
density and build roads. In the arid zone,
an overall planning should be worked out
with basin as an ecological unit, to
formulate rational water allocation plan,
construct farmland forest net inside oases
and sandbreak tree-shrub belt around the
oases, in combination with mechanical sand
fence and sand-fixing plants inside sand
fences grids to form a perfect protective
system. In addition, the transportation lines
in the dense sand dune regions should be
protected by mechanical sand fences and
sand-fixing plants, laying emphasis on
fixation in combination with blocks.

The Chinese government has issued ‘The
Law of Desertification Control of the
Peoples Republic of China’ in 2002, which
is the first and the only national law in the
world up till now. This Law assures that all
of the projects on combating desertification
can be carried out successfully.

Since the implementation of the Western
Development strategy, China has taken the
desertified region as a top priority of
ecological construction. Since 2000, the
central government has invested a total of
217.22 billion Chinese Yuan, and had
implemented a series of ecological
construction projects, such as the Project of
Natural Resources Conservation, the
Project of Returning Farmland to Woodland
or Grassland Forest, the Project of
Sandstorm Source Control surrounding
Beijing and Tianjin Area, the project of the
Three-North Shelterbelt System

Construction, the Project on Wildlife
Protection and Nature Reserve
Construction, the Project of Wetland
Protection and Restoration, etc. These
projects greatly accelerated the western
region's ecological protection and
construction process. Forest coverage in the
western region in 2008 had reached
17.05%, an increase of 6.73% over what
was there 10 years ago.

According to the State statistics, in the past
10 years since the implementation of the
western development strategy, the western
region has a total of 30.65 million ha of
planted forests. According to the seventh
national forest resources inventory data
issued recently, forest reserves in the
western region amounted to 8.27 billion
cubic meters,an increase of 1.3 billion cubic
meters compared with the data reported in
the fifth inventory 10 years ago. The
increase in the forest cover effectively
controlled soil erosion and aeolian
desertification. Shaanxi, Gansu, Ningxia,
Inner Mongolia and other provinces across
the country achieved for the first time the
historic change from the status of "sand
advancing and human retreating" to the
status of "human advancing and sand
retreating”. In Mu Us Sandy Land, aeolian
desertification status has achieved a
fundamental change and the area has
started to enter a new phase of
desertification control and use of this
Sandy Land. About 0.15 million km? of
land has been protected from soil erosion
on the Loess Plateau and the annual
deposition of silt and sand sediment into the
Yellow River has been reduced by more
than 300 million tons.

In the last 10 years, the Central Government
dedicated a total of 10 billion Chinese Yuan
in wildlife protection, and on state-level
nature reserve construction projects. The
forestry sectors has built 395 new nature
reserves with an area of 39.72 million ha in
the western region, and has formed a
preliminary network of nature reserves
system. The Central Government has
alsoimplemented 55 wetland protection and
restoration projects in the western region,



and effectively protected an area of 6.59
million ha of wetlands. In forestry
ecological construction program in the
western region, the forestry sector has
combined forestry and water conservation
with combating poverty. The sector is
promoting economic use of forests through
timber cultivation, production of flowers,
deep-processing of wood and bamboo
resources, eco-tourism and other forestry
industries, and realized the priority of
ecological benefits, and the harmonization
of economic and social benefits. The

forestry industry output value in the western
region reached 294.02 billion Yuan in 2008,
which according to comparable prices, is an
inrease by 2.6 times of that in 1999. Based
on the success of the pilot project, the
Central Government has established a forest
ecological benefit compensation fund, and
is giving the support for the western region
in the compensation of the land area taken
out of cultivation and put under forest. Until
2009, the Central Government had
compensated 44 million hectares of land
under public forest in the western region,
and cumulatively arranged the forest
ecological benefit compensation fund of
11.17 billion Yuan. From 2010, the Central
Government will improve the the subsidy
rate of national-level public forest from 75
Yuan to 150 Yuan per ha every year.

The biggest national project developed for
combating desertification is the ‘Grain for
Green Program’ (1997—2012) and 1060
counties in 22 provinces have been included
into this project. The objective is to
withdraw 3.67 million ha of dry land
farming area and degraded steppe, and 5.13
million ha of aeolian desertified land suited
for reforestation and revegetate and
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rehabilitate these areas by the end of the
Program. About 8 million ha of land under
the threats of aeolian desertification will be
brought under control in the next ten years
and 26.67 million ha of windbreaks will be
planted. The total financial input is
estimated to be 75 billion Yuan (11 billion
USS$) to be provided by the Central
Government. Thanks to many efforts from
the central and local governments, the local
people in the aeolian desertified regions
have been able to decrease the pace of
aeline desertification by 1280 km? annually
during the last years.
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Abstract

The 2007 assessment report of the Inter-
Governmental Panel on Climate Change
(IPCC) has revealed glaring global
climate changes that are expected to
affect agriculture (crops, soils, livestock,
pests etc.) and hence our global food
security. The IPCC report has further
indicated the vulnerability of developing
countries in Asia-Pacific, the region
which is home for more than one half of
the world population. The rapid and
continuing increase in population and
economy implies increased demand for
food, which will have to be produced
from same or even shrinking land
resource due to increasing competition
for land and other resources by non-
agricultural sectors. Alleviating poverty
and attaining food security would thus be
the major challenges to most countries in
the region during the twenty-first
century. Producing enough food with
reduced resources in adverse
environmental scenario would be a
daunting task before most of the Asian
nations. Concerted efforts would be
needed to maximize food production,
minimize environmental degradation and
attain socio-economic development
through reorientation of agricultural
research that would comprehensively
address all concerns of adaptations to
and mitigation of climate change. It is
with this background, that the Asia-
Pacific Association of Agricultural
Research Institutions (APAARI) had
recently organized an Expert
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Consultation on “Imperatives of Global
Climate Change for Agricultural
Research in Asia-Pacific” at Tsukuba,
Japan in collaboration with JIRCAS,
GFAR, CIMMYT, ICARDA, ICRISAT
and AVRDC. The main objective had
been to review the current state of
understanding of the climate change,
especially in the developing countries of
the region, and to analyze the available
scientific, technological and policy
options for adaptation and mitigation to
climate change and their possible
implications on food security and
agriculture in the region. This paper
provides the highlights and major
recommendations for research
reorientation to enhance adaptive
capacity and mitigation potential of
agriculture in the Asia-Pacific region.

Introduction

The major challenges in the twenty-first
century are the rapid increase in the world
population, the degradation of agricultural
land and other natural resources and above
all the emission of greenhouse gases
(GHGS) in the atmosphere that contribute to
climate change. Hence, the growing threat
of food insecurity (Brown 2008; FAO 2006,
2007), rapidly engulfing poor and under-
privileged population leading to increased
poverty across the globe (FAO 2007; Anon.
2008), will be exacerbated by the projected
threats to agriculture due to climate change
(Cline 2007).
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Emissions of GHGs, like carbon dioxide
(CO,), methane (CH,4) and nitrous oxide
(N20), resulting from human activities, are
substantially increasing the average
temperature of Earth's surface. Fifty
percent of the increase in global warming,
since the industrial revolution, is considered
to be the consequence of an increased level
of carbon dioxide and other gases in the
atmosphere (Lal 1999). The concentration
of CO; in the atmosphere increased from
285 ppm at the end of the ninteenth century,
before the industrial revolution, to about
366 ppm in 1998 (equivalent to a 28 %
increase) as a consequence of
anthropogenic emissions of about 405 (+
60) giga tonnes of carbon (C) into the
atmosphere (IPCC 2001). Of this increase,
industrialization (fossil-fuel combustion
and cement production) contributed 67 %
and the remaining 33 % by the land-use
change. The increase in GHGs in the
atmosphere is now recognized to contribute
to climate change (IPCC 2001).

Asia is the home for more than one half of
the world population living on 1/3" of
global land. The rapid and continuing
increase in population and economy implies
increased demand for food in the region. It
is estimated that by 2020, food grain
requirement in Asia would be 30-50% more
than the current demand which will have to
be produced from same or even less land,
that too with inferior quality of other
natural resources. Hence, the world food
situation will be strongly dominated by the
changes that would occur in Asia because
of its huge population, changes in diet
pattern and associated increased demand for
food, feed, fibre, fuel etc.

Alleviating poverty and attaining food
security under adverse environmental
scenario due to global climate change and
spiraling cost of inputs, as experienced in
the recent past, would be a major challenge
in the twenty-first century to most of the
countries in the Asia-Pacific region.
Agriculture, consisting of cropland, pasture,
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and livestock production, presently
contributes 13% of total anthropogenic
greenhouse gas emissions. This does not
include indirect sources relating to
agricultural inputs such as fertilizer, food
processing industries and other energy
requiring operations.

Also the direction that Asian countries
would embark to meet their energy needs
during the coming 30 years will have
profound impacts on global climate change
and energy security for the region and the
world. Asia currently accounts for about
26% of global CO, emissions, and its share
of emissions is projected to increase to
nearly 50% by 2030 (USAID 2007). By
2009, China is expected to surpass the
United States as the world’s largest emitter
of GHGs - a decade earlier than anticipated
(IEA 2006). In addition, the burning of coal
to meet Asia’s energy needs is projected to
increase five-fold by 2030, accelerating
GHG emissions and further contributing to
global climate change (IEA 2006).
Increasingly, Asian countries are importing
fossil fuels to sustain their rapid economic
growth, and this is raising concerns for
further energy security. By 2030, it is
expected that 80% of Asia’s oil will be
imported from the Middle East (Saha
2006). Reserves of natural gas in Asia (a
cleaner burning fossil fuel) are limited, and
40-75% of natural gas will have to be
imported by 2030 to satisfy demand
(APERC 2006). This future dependence on
imported fossil fuels raises legitimate
concerns for Asian countries about price
volatility and shocks, and supply
disruptions. Also the majority of the
world’s most polluted cities are in Asia and
the impact of urban air pollution on health
and mortality in Asia is severe. Urban air
pollution in Asia is linked to 500,000
premature deaths every year, accounting for
65% of premature deaths from air pollution
worldwide (UNEP 2006).

Above facts draw global concerns and
urgency to address the options by which



threats to Asian agriculture due to climate
change can be met successfully in the near
future. On positive side, the agriculture
sector also provides significant potential for
the GHG mitigation and adaptation to
climate change effects. This, however,
would demand reorientation of agricultural
research that would comprehensively
address all urgent concerns of climatic
change through well defined adaptation and
mitigation strategy which could help
maximize food production, minimize
environmental degradation and attain socio-
economic development.

Impact of climate change on agriculture

The climate change is projected to impinge
on sustainable development of most
developing countries of Asia as it
compounds the pressures on natural
resources and the environment associated
with rapid urbanisation, industrialisation,
and economic development. The impact of
climate change on agriculture is now real
and without adequate adaptation and
mitigation strategies to climate change,
food insecurity and loss of livelihood are
likely to be exacerbated in Asia. In this
regard, the fourth assessment report of the
inter-governmental panel on climate change
(IPCC), released in 2007, has clearly
revealed that increases in the emission of
GHGs have resulted in warming of the
climate system by 0.74°C between 1906
and 2005. It has further projected that
temperature increase by the end of this
century is likely to be in the range 2 to
4.5°C. It is expected that future tropical
cyclones will become more intense, with
larger peak wind speeds and heavier
precipitation. Himalayan glaciers and snow
cover are projected to contract. It is also
very likely that hot extremes, heat waves,
and heavy precipitation events will continue
to become more frequent. Increases in the
amount of precipitation are expected more
in high-latitudes, while decreases are likely
in most sub-tropical regions. At the same
time, the projected sea level rise by the end
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of this century is likely to be between 0.18
to 0.59 meters. The freshwater availability
in Central, South, East and Southeast Asia,
particularly in large river basins, is
projected to decrease due to climate change
which, along with population growth and
increasing demand arising from higher
standards of living, could adversely affect
more than a billion people by the 2050s.

Such climatic changes are affecting
agriculture through their direct and indirect
effects on crops, soils, livestock and pests,
and hence the global food security. IPCC
report has particularly indicated
vulnerability of developing countries of the
Asian region, especially its megadeltas to
increasing climate change and variability
due to its large population, predominance of
agriculture, large climatic variability, and
limited resources to adapt. There are likely
to be negative effects also on livestock
productivity due to increased heat stress,
lower pasture productivity, and increased
risks due to animal diseases. Increase in
sea surface temperature and acidification
will also lead to changes in marine species
distribution as well as production.

Extreme events including floods, droughts,
forest fires, and tropical cyclones have
already increased in temperate and tropical
Asia in the last few decades. Runoff and
water availability are projected to decrease
in the arid and semi-arid regions of Asia.
Sea-level rise and an increase in the
intensity of tropical cyclones is expected to
displace tens of millions of people in the
low-lying coastal areas of Asia with
expectation of around 17 % land getting
inundated in Bangladesh alone. On the
contrary, the increased intensity of rainfall
and contraction of monsoon period would
increase flood risks in temperate and
tropical Asia.

The Asia-Pacific Association of
Agricultural Research Institutions
(APAARI) which has been instrumental in
promoting regional cooperation for



agricultural research in the Asia-Pacific
region has been organizing series of expert
consultations for debating on emerging
issues vis-a-vis agricultural research and
development (ARD) concerns in the Asia-
Pacific region. In this endeavor, ‘biofuel’
and ‘climate change’ were identified as
major themes during the expert consultation
on “Research Need Assessment” organized
by APAARI during 2006. Accordingly, the
issue of climate change and its imperatives
for agricultural research in the Asia-Pacific
region was deliberated in an International
Symposium organized jointly by APAARI
and JIRCAS. Participants representing
national agricultural research systems
(NARS), CGIAR, IARCs, GFAR, ACIAR,
JIRCAS, advanced research institutions
(ARISs), universities and regional fora from
30 countries came out with agricultural
research priorities for adapting agriculture
to climate change in the form of “Tsukuba
declaration on adapting agriculture to
climate change” (APAARI, 2009) described
below:

Tsukuba Declaration on Adapting
Agriculture to Climate Change

= Asia-Pacific region sustains almost half
of the global people, with high rates of
population growth and poverty.
Agriculture continues to play a critical
role in terms of employment and
livelihood security in all countries of the
region. At the same time, this region has
the largest concentration of hungry and
malnourished people in the world.
Droughts, floods, heat waves and
cyclones occur regularly. Climate
change is likely to raise regional
temperatures and lead to decline in fresh
water availability, sea level rise, and
glacial melting in the Himalayas. The
IPCC has considered the developing
countries of the Asia-Pacific region,
especially the mega-deltas of Asia, as
very vulnerable to climate change.

= Attainment of Millennium Development
Goals (MDGs), particularly alleviating
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poverty, assuring food security and
environmental sustainability against the
background of declining natural
resources, together with a changing
climate scenario, presents a major
challenge to most of the countries in the
Asia-Pacific region during the 21st
century.

Water is a key constraint in the region
for attaining food production targets and
will remain so in future as well. Steps
are, therefore, needed by all the
stakeholders to prioritize enhancing
water use efficiency. In addition,
measures for water storage using proven
approaches such as small on—farm
ponds, large reservoirs, groundwater
recharge and storage, and watershed
approach managed by the farming
communities require attention.

It was fully recognized that increasing
food production locally will be the best
option to reduce poor people’s
vulnerability to climate change
variations. Available agricultural
technologies can help increase the yield
potential of crops that has not yet been
tapped in many countries of the Asia-
Pacific region. Hence, a concerted effort,
backed by policy makers at the national
level, would be the key to enhance food
security as well as ensuring agricultural
sustainability.

New genotypes tolerant to multiple
stresses: drought, floods, heat, salinity,
pests and diseases, will help further
increase food production. This would
require substantial breeding and
biotechnology (including genetically
modified varieties) related efforts based
on collection, characterization,
conservation and utilization of new
genetic resources that have not been
studied and used. CGIAR Centers,
Advance Research Institutes (ARIs) and
the National Agricultural Research
Systems (NARS) of the region have a
major role to play in this context. This
will require substantial support in terms
of institutional infrastructure, human
resource capacity and the required



political will to take up associated
agricultural reforms. We, therefore,
fervently call upon the national policy
makers, overseas development agencies
(ODA), other donor communities as well
as the Private Sector to increase their
funding support for agricultural research
for development in the Asia-Pacific
region.

It was also recognized that a reliable and
timely early warning system of
impending climatic risks could help
determination of the potential food
insecure areas and communities. Such a
system could be based on using modern
tools of information and space
technologies and is especially critical for
monitoring cyclones, floods, drought and
the movements of insects and pathogens.
Advanced Research Institution, such as
JIRCAS, could take the lead in
establishing an ‘Advance Center for
Agricultural Research and Information
on Global Climate Change’ for serving
the Asia-Pacific region.

The increasing probability of floods and
droughts and other climatic uncertainties
may seriously increase the vulnerability
of resource-poor farmers of the Asia-
Pacific region to global climate change.
Policies and institutions are needed that
assist in containing the risk and to
provide protection against natural
calamities, especially for the small
farmers. Weather-crop/livestock
insurance, coupled with standardized
weather data collection, can greatly help
in providing alternative options for
adapting agriculture to increased
climatic risks.

Governments of the region should
collaborate on priorities to secure
effective adaptation and mitigation
strategies and their effective
implementation through creation of a
regional fund for improving climatic
services and for effective
implementation of weather related risk
management programs. Active
participation of young professionals is
also called for.

It was recognized that there are several
possible approaches to enhance carbon
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sequestration in the soils of the Asia-
Pacific region such as greater adoption
of scientific soil and crop management
practices, improving degraded lands,
enhanced fertilizer use efficiency, and
large scale adoption of conservation
agriculture. To be effective, these would
require simultaneously improved use of
inputs such as fertilizers, crop residues,
labor and time. This soil carbon
sequestration has the added potential
advantage of enhancing food security at
the national/regional level. We do urge
the global community to ensure
appropriate pricing of soil carbon and
related ecosystem/environmental
services in order to motivate the small
farmers to adopt new management
practices that are linked to proper
incentives and rewards.

= APAARI has been instrumental in
stimulating regional cooperation for
agricultural research in the Asia-Pacific.
Global climate change and its
implications for agriculture underline the
need for such an organization to become
even more active at this juncture.
APAARI, in collaboration with its
stakeholders, especially CGIAR Centers,
ARIs, GFAR and other regional fora,
should continue facilitating regional
collaboration in a Consortium mode and
take advantage of new initiatives such as
Challenge Program on Climate Change
for building required capability to adapt
and mitigate the effects of climate
change and ensure future sustainability
of all concerned in the region.
The deliberations also led to
identification of research priorities and
both adaptation and mitigation strategy
to deal with the challenge of climate
change.

Research strategies for coping with
global climate change

Coping with global climate change is a
must and for that there are two strategies (i)
Adaptation through learning to live with the
new environment (e.g., time of planting,
changing varieties, new cropping systems,
etc.) and (ii) Mitigation through offsetting



the causative factors such as reducing the
net emission of greenhouse gases.

Adaptation strategies: The potential
strategies and actions for adaptation to
climate change effects could be as follow-

1. New genotypes

¢ Intensify search for genes for stress
tolerance across plant and animal
kingdom

e Intensify research efforts on marker
aided selection and transgenic
development

e Develop genotypes for biotic
(diseases, insects etc) and abiotic
(drought, flood, heat, cold, salinity)
stress management either by
traditional plant breeding, or genetic
modification

e Attempt transforming C3 plants to C4
plants

2. New land use systems

e Shift of cropping zones

e Critical appraisal of agronomic
strategies and evolving new
agronomy for climate change
scenarios

e Exploring opportunities for
maintenance /restoration/
enhancement of soil properties

e Use of multi-purpose adapted
livestock species and breeds

3. Value-added weather management
services

e Developing spatially differentiated
operational contingency plans for
temperature and rainfall related risks,
including supply management
through market and non-market
interventions in the event of adverse
supply changes

¢ Enhancing research on applications of
short, medium and long range
weather forecasts for reducing
production risks.

e Developing knowledge based
decision support system for
translating weather information into
operational management practices
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6.

e Developing pests and disease
forecasting system covering range of
parameters for contingency planning
and effective disease management.

. Integrated study of ‘climate change

triangle’ and ‘disease triangle’,
especially in relation to viruses and their
vectors.

. Documentation of indigenous traditional

knowledge (ITK) and exploring
opportunities for its utilization.
Reforming global food system.

Mitigation strategies: The basic strategies
for mitigating climate change effects are
reducing and sequestering emissions.
However, before jumping to band-wagon of
mitigation strategies, the following points
should be considered for effective
implementation of mitigation strategies.

Improve inventories of emission of
greenhouse gases using state of art
emission equipments coupled with
simulation models, and GIS for up-
scaling

Evaluate carbon sequestration potential
of different land use systems including
opportunities offered by conservation
agriculture and agro-forestry

Critically evaluate the mitigation
potential of biofuels; enhance this by
their genetic improvement and use of
engineered microbes

Identify cost-effective opportunities for
reducing methane generation and
emission in ruminants by modification of
diet, and in rice paddies by water and
nutrient management. Renew focus on
nitrogen fertilizer use efficiency with
added dimension of nitrous oxides
mitigation

Assess biophysical and socio-economic
implications of the proposed GHG
mitigating interventions before
developing policy for their
implementation

. Reducing emissions: The strategies for

reducing emissions includes-



Avoiding deforestation

Minimizing soil erosion risks
Eliminating biomass burning and
incidence of wild fires

Improving input use efficiency (e.g.,
fertilizers, energy, water, pesticides)
Conservation Agriculture

2. Sequestering emissions: The stored soil
carbon is vulnerable to loss through both
land management change and climate
change. There are numerous agricultural
sources of GHG emissions (Duxbury 1994)
with hidden C costs of tillage, fertilizer,
pesticide use and irrigation. In general, net
C sequestration must take into account
these costs. The important strategies of soil
C sequestration include restoration of
degraded soils, and adoption of improved
management practices (IMPs) of
agricultural and forestry soils. For example
in India, the potential of soil C
sequestration is estimated at 39 to 49 (44
5) Tg Cly of which 7 to 10 Tg Cl/y for
restoration of degraded soils and
ecosystems, 5 to 7 Tg Cly for erosion
control, 6 to 7 Tg Cly for adoption of IMPs
on agricultural soils, and 22 to 26 Tg Cly
for secondary carbonates (Lal 2004).
Therefore, agricultural practices
collectively can make a significant
contribution at low cost to increasing soil
carbon sinks and reducing GHG emissions.
A large proportion of the mitigation
potential of agriculture (excluding bio-
energy) arises from soil carbon
sequestration, which has strong synergies
with sustainable agriculture and generally
reduces vulnerability to climate change. A
considerable mitigation potential through
sequestration is available from reductions in
methane and nitrous oxide emissions in
some agricultural systems. However, there
is no universally applicable list of
mitigation practices and the mitigation
through sequestration practices need to be
evaluated for individual agricultural
systems and settings (e.g. conservation
tillage). The biomass from agricultural
residues and dedicated energy crops can be
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an important bio-energy feedstock, but its
contribution to climate mitigation to 2030
depends on demand for bio-energy from
transport and energy supply, on water
availability, and on requirements of land for
food and fibre production. Hence,
widespread use of agricultural land for
biomass production for energy may
compete with other land uses and can have
positive and negative environmental
impacts and implications for food security.

Epilogue

Impact of climate change on agricultural
production in Asia Pacific is real. Hence,
immediate action at national level to
understand and address the issues of climate
change becomes a priority. Strategy around
both adaptation and mitigation is called for,
which would require research reorientation
and major policy interventions. Regional
and global collaboration would help in
addressing these concerns and for building
both institutional and human resource
capabilities being the two cradles for
sustainable agriculture.
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Abstract

Water resources in the dry areas are
limited. Most of the available water is
tapped and only limited new water is
expected from non-conventional sources.
As more water will be needed for other
priority sectors, less water will be
available for agriculture. This decline
comes to challenge the attempts to
increase food production and to enhance
food security. Climate change adds to
this challenge in the dry areas as
precipitation is expected to decline and
drought to intensify. Agriculture as a
result must cope with the increasing
demand for food, feed, and fiber, but
with less water. It is, therefore, essential
that substantial changes be made in the
way water is valued and managed to help
overcome water shortages. The logical
response is to produce more with less
water; that is to improve water
productivity (WP) which is the return for
a unit of water consumed or depleted.
WP in the dry areas is generally low and
there is a great potential for its
improvement. There are three primary
ways to enhance agricultural WP: (a)
Reduce non productive water depletion;
(b) Improve plant, animal, etc.
productivity per unit of water
beneficially consumed; and (c) Allocate
water to the more water productive
options. Substantial and sustainable
improvements in agricultural water
productivity can only be achieved
through integrated management at all
scales. On-farm water-productive
techniques include deficit irrigation,
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supplemental irrigation, water
harvesting and precision irrigation.
Improved techniques if coupled with
improved irrigation management, better
crop selection and appropriate cultural
practices, improved genetic make-up,
and timely socioeconomic interventions
will help to achieve this objective.
Conventional water management
guidelines should be revised to ensure
maximum water productivity instead of
land productivity. Policy reforms and
empowered new institutional setups can
ensure sustainable improvement in water
use in agriculture.

Introduction

The availability of freshwater is one of the
great issues facing humankind today.
Water shortage and needs are increasing,
and the competition for water among
urban, industrial, and agricultural sectors is
growing more intensive. Mining
groundwater is now a common practice in
the dry regions risking both water reserves
and quality. In many countries securing
basic human water needs for domestic use
is becoming an issue not to mention the
needs for agriculture, industry and
environment. The average annual per
capita renewable supplies of water world-
wide is about 7000 m®. The threshold for
water poverty level is 10000 m® which looks
ample for countries like Jordan, where the
annual per capita share has dropped to less
than 200 m* (Margat and Vallae 1999).
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With rapid industrialization, urbanization
and population increase, economic realities
seem certain to reallocate water
increasingly away from agriculture to other
sectors. Moreover, opportunities for large
captures of new water are now few. Most
river systems suitable for large-scale
irrigation have already been developed.
Unacceptable depletion of the flow to
downstream users will become
increasingly difficult to avoid.

The water scarcity situation in the dry
areas is deteriorating every day. Over the
coming years, this situation will worsen
with increasing demand, given the fact that
the possibility of new supplies is limited.
If the world’s population keeps growing at
the current rate (about 90 millions each
year), we are facing the challenge of
feeding 8 billion people very soon —in
2025. More than 80% of these people will
live in developing countries. This implies
that with nearly the same water and other
natural resources base we must produce
food for 2 billion more people while at the
same time meeting the expanding
domestic and industrial water needs. The
increasing pressure on this resource will,
unless seriously tackled, escalate
hydroplitical conflicts and seriously
damage the already fragile environment in
the region.

Agriculture is by far the largest user of
water, accounting for about 70 percent of
all withdrawals from rivers, lakes, and
aquifers, and up to 95 percent in many
developing countries. The water needed
for crops amounts to 1,000 — 3,000 cubic
meters per tonne of cereal harvested. It
takes 1 — 3 tonnes of water to poducelkg
of grain. Furthermore, it is estimated that
only 45% of the water used in agriculture
is effectively used by crops (UN/WWAP
2003). The other 55% is partially lost by
either evaporation or by losing quality
while joining salt sinks, recharges
aquifers, or flows downstream to be
reused. Therefore, agriculture is not seen
as the most efficient water user. The ever-
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growing competition among water-using
sectors is certainly forcing agriculture to
give up part of its share to higher priority
uses, especially the domestic and
industrial sectors. Meanwhile, agriculture
must cope with the increasing demand for
food, feed, and fiber, but with less water.
It is, therefore, essential that substantial
changes be made in the way water is
valued and managed to help overcome
water shortages. Under these
circumstances it is crucial that the role of
water in securing food supply is
understood and the potential for improving
overall agricultural productivity with
respect to water fully realized.

It has been widely accepted that the most
promising option to achieve food security
and sustain acceptable standard of living
in the water scarce areas is to improve the
efficiency of water use or productivity.
There are three primary ways to enhance
agricultural water productivity: 1) to
increase effective use through improved
water management; 2) to increase crop
yields through agricultural research; and 3)
to reform policies and increase investment,
particularly in rainfed areas. Improving
agricultural water productivity implies
getting more output or return per unit of
water used. However, sustainability issues
must be carefully taken into consideration.
Water will be the key agent in the drive to
raise and sustain agricultural production.
Therefore, agriculture policies and
investments will need to become much
more strategic. They will have to unlock
the potential of agricultural water
management practices to raise
productivity, spread equitable access to
water and conserve the natural
productivity of the water resource base.

Water efficiency and productivity
concepts

Irrigation efficiencies:

The term ‘efficiency’ in general reflects
the ratio of output to input. It is widely



used in irrigation systems design,
evaluation, and management. Farm
irrigation performance is based on three
fundamental and interrelated efficiency
terms: conveyance, application,
distribution and storage efficiencies
(Hansen et al.1980 ; Jensen et al. 1981,
Walker and Skogerboe 1987; James 1988;
and Keller and Bliesner 1990). Water
Conveyance Efficiency (WCE) is the ratio
of water diverted from the source to that
delivered to the farm. It reflects water
losses from the conveyance system mainly
in seepage, evaporation and weeds
consumptive use. Irrigation Application
Efficiency (IAE) is the ratio of the water
stored in the plant root zone to that applied
to the field. It mainly reflects losses of
water in deep percolation and in runoff.
Irrigation Distribution Efficiency (IDE)
refers to how uniformly the water is
distributed in the plants root zone. It
however does not indicate any water
losses or how the full root zone is.
Irrigation Storage Efficiency (ISE) is the
ratio of water stored in plans root zone to
the amount needed to fill it. It reflects how
full the root zone is but does not indicate
how uniform is irrigation or how much
water is lost in deep percolation and/or
runoff.

These irrigation related efficiencies are
engineering terms necessary for sound
design, monitoring, and performance
evaluation of irrigation systems. The
output (numerator) and input
(denominator) components of these
irrigation-based efficiencies use the same
units and are expressed in percentage (%)
with a maximum value of 100%. Values
less than 100% imply losses during the
process.

Losses of water reflected in the above
irrigation efficiency terms are mostly
paper not real losses. Seepage from
irrigation canals and field deep percolation
losses are largely recoverable through
joining ground water or springs. Runoff
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losses can be recycled in the fields
downstream. Drainage water is also
recycled and used several times before
becoming too saline. Despite the fact that
most of these losses are recoverable,
engineers strive to minimize them as reuse
implies some costs to the user and
probably other side implications. In
addition efficiency terms do not indicate
how productive irrigation water is.

Water-use efficiency:

Water Use Efficiency reflects how good
water is used in agricultural production.
The term has been defined in the literature
in various ways by hydrologists,
physiologists and agronomists depending
upon the emphasis that one wishes to place
on certain aspects of the problem. In
general it is the ratio of the yield to the unit
of water used. The most confusing aspect
in this term is the evaluation of the unit of
water used. Some use applied water; others
use evapo-transpiration or even
transpiration alone. The term is restricted to
biophysical return to water ignoring other
types of return such as socioeconomic or
environmental. Production could be grain,
biomass or any other entity. It makes it
difficult to compare efficiencies at different
places or under different practices unless
the production and the water used are well
defined and evaluated (Hansen et al. 1980;
Hanks 1983; Howell et al. 1990; Gregory
1991; Joshi and Singh 1994).

Water productivity:

As mentioned before, irrigation and water
use efficiencies, although useful in
addressing many aspects of water
management, do not reflect well the
various types of return to water and the
water used in the production. Water
productivity defined as the return per unit
of water consumed in the production can
overcome those deficiencies. The return to
water can be:

a) Biomass, grain, milk, meat, etc

b) Economic benefits (i.e. net income)

c) Environmental benefits (i.e. carbon

sequestration)
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d) Social benefits (i.e. employment)
e) Energy (i.e. calories)
f) Nutrition (i.e. protein)

The water consumed is meant to be the
water depleted from the production system
giving the return. Water depletion is the
use or removal of water (from a domain,
particularly a basin) that renders it
unavailable for further use. Water may be
depleted by evaporation, flows to sinks
(such as sea or saline groundwater), or
incorporation into products (such as bottled
water). Therefore, it is important to
distinguish between water depleted and
water diverted or applied, because not all
water diverted (or supplied) to irrigation is
depleted. Recoverable losses (such as
surface runoff, deep percolation, etc.) from
any domain’s boundaries can be reused
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within the same domain or higher levels.
More specifically, depleted water includes:
evaporation, transpiration, water quality
deterioration, and water incorporated in the

product or plant tissues. Water recycled in
the farming system may not be totally lost
as implied by evaluating irrigation
efficiencies. Water quality is important as
water with various qualities has different
productivity. It is now well understood that
the issue of water productivity is a
multidisciplinary and scale or level-
dependent (Molden and Oweis 2008;
Molden 2003; Molden 1997).

Agricultural water productivity (WP)

Figures 1-4 show a range of water
productivities for some agricultural
products based on biophysical, economic,



nutrient and energy returns (Molden and
Oweis 2008). The wide range of values,
from low to high, reflects the great
potential for improvement. The figures
show that depending on the production
purpose and local conditions the selection
of the product can make great deference in
the return for the water. One can also
notice the low water productivity in
producing beef compared to crops.

It is important to note that WP is not only
scale and user specific, but also site and
management specific. A cubic meter of
water is expected to produce more
biomass in a cool than in a hot dry
environment. Soil type, water quality, crop
variety, production input, water and crop
management are among the factors
impacting WP. Market prices effect
economic WP. For meaningful
comparison of WP at different locations
and/or environments, there is need to
normalize the values of WP (Oweis and
Hachum 2003).

Scales and drivers

WP is addressed at different scales (plant,
farm, project, and basin levels) and a
conceptual framework for better
understanding of WP and water
accounting across scales is introduced. It
has been pointed out that highest WP at
one scale does not necessarily result in
highest WP at another scale. Economic
productivity and opportunity cost of water
make the undertaking far more complex.
Nevertheless, the major drivers at each
scale are:

a) At the basin level: competition among
uses (agricultural, domestic,
environmental, etc.), conflicts
between countries, equity issues
(upstream — downstream users)

b) At the national level: food security,
hard currency, socio-politics

c) At the farm level: maximizing
economic return (crop and allocation
selection)
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d) At the field level: maximizing
biological output (maximizing
resources productivity)

e) At the plant level: maximizing
nutrient content and quality of
harvest.

Potential WP improvements

Figure 2a shows worldwide ratio of
biomass and yield of common small grain
crops to transpiration (T) along with
yield/ET ratio for two selected regions. The
slope of the second line from top is

greater than the slope of the top line that
indicates potential improvement in harvest
index. The two lower lines in the Figure
indicate that improvements in water
productivity are possible through improved
management that increases the ratio of
yield to evapotranspiration (slope of line).
But in many of the most productive areas
of the world, such as the lower Yellow
River Basin, large improvements have
already been made and the remaining
scope is small. The implication is that for
these areas achieving higher yields will
require more evapotranspiration. The areas
with the highest potential gains are those
with very low yields, such as Sub-Saharan
Africa and South Asia. These are also areas
of extreme poverty, with the largest
concentration of poor people and high
dependence of the poor on agriculture
(Molden and Oweis 2008; Rockstrom et al.
2007).

Crop breeding, targeting early growth
vigor to reduce evaporation, and
increasing resistance to drought, disease,
or salinity could all improve water
productivity per unit of evapotranspiration.
But there are several indirect means to
improve water productivity in which
biotechnology can play a role: (a)
Targeting rapid early growth to shade the
soil and reduce evaporation; (b) Breeding
for resistance to disease, pests, and
salinity; (c) Boosting the harvest index for
crops such as millet and sorghum that
have not received as much attention as the
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Figure 2. Potential improvements in water productivity. (a) Projected potential
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green revolution cereals; (d) More value
per unit of evapotranspiration can be
achieved by improving the nutritional
quality of crops and by reducing
agrochemical inputs by planting disease-
and pest-resistant crops.

Figure 2b illustrates significant variability
in yield due to differences in biophysical
conditions (particularly evaporation and
other climatic conditions) among sites in
addition to differences in management of
natural resources. Variability due to
management practices gives hope for
potential improvement in water
productivity especially at low yield
domain. It shows that the potential to
improve WP is substantial in many areas
and mainly management can achieve this
improvement.

Tradeoffs between water and land
productivities:

In conventional irrigation, water is applied
to maximize crop yield per unit of land.
This is the case when land availability is
limiting. In the most of the dry areas, land
is not any more the most limiting factor to
agricultural production. Rather, water is
increasingly becoming the most limiting
factor. The objective, therefore, should be
maximizing the return per unit of water
instead per unit of land. This should yield
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higher overall production, since the saved
water can be used to irrigate new land with
higher production. However, high WP
does not come without high land
productivity (LP). Fortunately, both water
and land productivities increase as the on-
farm management is improved. However,
this does not continue all the way. At high
yield level achieving incremental increase
requires higher amounts of water to be
used. This means that water productivity
drops as yield increases near its potential.
Figure 3 shows the relationship between
LP and WP for wheat in the Mediterranean
region. When this relation is curvilinear,
maximum WP occurs at less than
maximum LP which is not the case for all
crops and conditions (Oweis et al. 1998).

Attaining higher yields with improved WP
should ensure that increased gains in crop
yield are not offset by increased costs of
inputs and running costs. The curvilinear
WP-yield relationship emphasizes the
importance of attaining relatively high
yields for efficient use of water. A policy
for maximizing yield and/or net profit
should be looked at very carefully under
water scarcity conditions. Guidelines for
recommending irrigation schedules under
normal water availability (Allen et al.
1998) may need to be revised when
applied in areas with limited water
resources.
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When water is short of providing full
supplemental irrigation (SI) to the whole
farm, the farmer has two options: a) to
irrigate part of the farm with full SI
leaving the other part rainfed or b) to
apply deficit irrigation to the whole farm.
In northern Syria, water-short farmers are
advised to apply 50% deficit Sl to their
wheat fields. By so doing, the area under
Sl is doubled using the same amount of
water, and total farm production is higher.
A farmer having a 4-hectare farm would on
average produce 33% more grain from his
farm if he adopted deficit irrigation for the
whole area, than if full irrigation was
applied to half of the area (table 1).

Approaches for improving water
productivity

Following are major approaches for
improving agricultural water productivity

(Viets 1962; Stanhill 1986; Monteith
1986; Oweis et al. 1998).

Increasing the productivity per unit of

water consumed:

Improved crop varieties; to grow new
crop varieties that can provide increased
yields for each unit of water consumed,
or the same yields with fewer units of
water consumed.

- Alternative crops; by switching from
high- to less-water-consuming
crops, or switching to crops with higher
economic or physical productivity per
unit of water consumed.

- Deficit, supplemental, or precision
irrigation; with sufficient water control,
higher productivity can be achieved
using irrigation strategies that increase
the returns per unit of water consumed.

- Improved water management; to
provide better timing of supplies to
reduce stress at critical crop growth
stages leading to increased yields or by
increasing water supply reliability so
that farmers invest more in other
agricultural inputs leading to higher
output per unit of water.

- Optimizing non-water inputs; in
association with irrigation strategies that
increase the yield per unit of water
consumed, agronomic practices such as
land preparation and fertilization can
increase the return per unit of water.

- Policy reform and public awareness;
policies related to water use and
valuation should be geared towards
controlling water use, reducing water
demand, safe use and disposal of water,
and encouraging the collective approach
in using and managing water.

Table 1. Wheat grain production scenarios for 4-hectare farms with various strategies of
supplemental irrigation in Syria (Oweis and Hachum 2003)

Management strategy Rainfed Farmer’ Full SI Deficit Sl
Total water applied (m?) 342mm 2980 2220 1110
Grain yield (t/ha) 18 4.18 4.46 4.15
Water productivity (kg/m®) 0.53 0.70 1.06 1.85
Possible 4-ha farm production (ton) 7.2 16.7 17.8 16.6

if water is not limiting

Total 4-ha farm production (ton) under 7.2 10.8 125 16.6

limited water available (50% of full
requirements)
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Reducing non-beneficial water depletion:

- Reducing evaporation from water
applied to irrigated fields through
specific irrigation technologies such as
drip irrigation, or agronomic practices
such as mulching, or changing crop
planting dates to match periods of less-
evaporative demand.

- Reducing evaporation from fallow
land, decreasing the area of free water
surfaces, decreasing non- or less-
beneficial vegetation and controlling
weeds.

- Reducing water flows to sinks by
interventions that reduce irrecoverable
deep percolation and surface runoff.

- Minimizing salinization of return
flows—Dby minimizing flows through
saline soils or through saline
groundwater to reduce pollution
caused by the movement of salts into
recoverable irrigation return flows.

- Shunting polluted water to sinks to
avoid the need to dilute with
freshwater, saline or otherwise
polluted water should be shunted
directly to sinks.

- Reusing return flow through gravity
and pump diversions to increase
irrigated area.

Reallocating water among uses:

- Reallocating water from lower- to
higher-value uses. It will generally
not result in any direct water savings,
but it can dramatically increase the
economic productivity of water.
Because downstream commitments
may change, reallocation of water can
have serious legal, equity and other
social considerations that must be
addressed.

- Tapping uncommitted outflows to be
used for productive purposes.

- Improving management of existing
facilities to obtain more beneficial use
from existing water supplies.

- Policy, design, management and
institutional interventions may allow
for an expansion of irrigated area,
increased cropping intensity or
increased yields within the service
areas.

- Reducing delivery requirements by
improved application efficiency, water
pricing, and improved allocation and
distribution practices.

- Adding storage facilities
infrastructures to store and regulate
the use of uncommitted outflows (as is
the case during wet years) so that more
water is available for release during
drier periods.

Highly water-productive technologies

Deficit irrigation:

When water is limiting the production, the
rules of scheduling should be modified for
improved water productivity. In intensive
irrigation development, all efforts
including research and advancement in
technology development are geared
towards achieving yield maximization per
unit of land. However, in water scarce
areas, water, not land, is the most limiting
factor to improved agricultural production.
Irrigating for less than maximum yield per
unit land (deficit irrigation) could save
substantial amounts of water for irrigating
new lands and hence producing more food
from the available water. Deficit irrigation
is not the only practice that has shown
good potential, but other ways are available
to modify water management principles to
achieve more water-efficient practices.
New guidelines for crop water
requirements and irrigation scheduling to
maximize water productivity are yet to be
developed for the important crops in the
dry areas.

Deficit irrigation is an optimizing strategy
under which crops are deliberately allowed
to sustain some degree of water deficit and
yield reduction in order to maximize the
productivity per unit of water used. One
important merit of deficit supplemental
irrigation is the greater potential for
benefiting from unexpected rainfall during
the growing season due to the higher
availability of storage space in the crop
root zone. Results on wheat, obtained from
farmers’ fields trials conducted in a
Mediterranean climate in northern Syria
showed significant improvement in Sl
water productivity at lower application
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grains under rainfed, full and deficit
irrigation (SI) in northern Syria (Oweis et
al. 2003).

rates than at full irrigation. Highest water
productivity of applied water was obtained
at rates between 1/3 and 2/3 of full Sl
requirements, in addition to rainfall.

Water harvesting:

The drier environments, the steppe or
badia, occupy the vast majority of the dry
areas of the world. The natural resources
of these areas are subject to degradation
and the income of the people, who depend
mainly on livestock grazing, is
continuously declining. Due to harsh
conditions, people are increasingly
migrating from these areas to the cities,
with associated high social and
environmental costs. Precipitation in the
drier environments is generally low
compared to crop basic needs. It is
unfavorably distributed over the crop-
growing season and often comes with high
intensity. As a result, rainfall cannot
support economical dryland farming. In
the Mediterranean areas, rain usually
comes in sporadic, unpredictable storms
and is mostly lost in evaporation and
runoff, leaving frequent dry periods during
the crop growing season. Part of the rain
returns to the atmosphere by evaporation
after it falls, and part usually flows to
swamps or to “salt sinks”, where it loses
quality and evaporates (Oweis et al. 1999).

Water harvesting in agriculture is based on
the principle of depriving part of the land
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of its share of rainwater and adding it to
the share of another part. This brings the
amount of water available to the target
area closer to the crop water requirements
so that economical agricultural production
can be achieved. It is thus the process of
concentrating precipitation through runoff
and storing it for beneficial use.

Without water harvesting intervention, all
rainwater and land production are lost,
while with water harvesting part of the
land and most of the rainwater are used in
production. Thus, rainwater productivity is
immensely increased. Notable wealth of
indigenous knowledge on water harvesting
is available and documented. Indigenous
systems such as jessour and meskat in
Tunisia, tabia in Libya, cisterns in north
Egypt, hafaer in Jordan, Syria and Sudan
and many other techniques are still in use
(Owveis et al. 1999 and 2001). Water
harvesting may be developed to provide
water for human and animal consumption,
domestic and environmental purposes, as
well as for plant production. Water
harvesting is also effective in combating
land degradation and desertification.

Unfortunately, the introduction of systems
which have been tested under various
climatic, soil, land-tenure and socio-
economic conditions are usually not
accepted by the target groups. The most
significant problems and constraints
hindering the integration of water
harvesting in the agricultural production
are:

- Technology inadequacy to meet the
local conditions;

- Lack of acceptance, motivation and
involvement among beneficiaries;

- Lack of adequate hydrological data and
information for confident planning,
design and implementation of water
harvesting projects;

- Insufficient attention to social and
economic aspects such as land tenure,
unemployment and return of water
harvesting system;

- Inadequate institutional structures,
beneficiary organizations and
government training programs for
farmers, pastoralists and extension staff;

- Absence of a long-term government

policy.



Supplemental irrigation:

Shortage of soil moisture in the dry
rainfed areas often occurs during the most
sensitive growth stages (flowering and
grain filling) of the crops. As a result,
rainfed crop growth is poor and yield is
consequently low. Supplemental irrigation
(SI) can, using a limited amount of water,
if applied during the critical crop growth
stages, result in substantial improvement
in yield and water productivity. Therefore,
supplemental irrigation is an effective
response to alleviate the adverse impact of
soil moisture stress during dry spells on
the yield of rainfed crops. Unlike full
irrigation, the timing and amount of SI
cannot be determined in advance owing to
rainfall randomness. Supplemental
irrigation in rainfed areas is based on three
basic aspects (Oweis and Hachum 2003):
Water is applied to a rainfed crop that
would normally produce some yield
without irrigation, irrigation is only
applied when rainfall fails to provide
essential moisture for improved and stable
production, and the amount and timing of
irrigation are scheduled to ensure a
minimum amount of water available
during the critical stages of crop growth.

Average WP of rain in producing wheat in
the dry areas of West Asia and North
Africa (WANA) ranges from about 0.35
to 1.00 kg grain/m®. However, water used
in supplemental irrigation can be much
more efficient. Studies at ICARDA
showed that a cubic meter of water applied
at the right time (when crops suffer from
moisture stress) and good management
could produce more than 2.5 kg of grain
over the rainfed production. This
extremely high WUE is mainly attributed
to the effectiveness of a small amount of
water in alleviating severe moisture stress
during the most sensitive stage of crop
growth. This stress usually causes a
collapse in the crop development and seed
filling and reduces the yields substantially.
When Sl irrigation water is applied before
such conditions occur, the plant may reach
its high yield potential.
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In comparison to the productivity of water
in fully irrigated areas (rainfall effect is
negligible) we find greater advantage with
SI. In fully irrigated areas with good
management, wheat grain yield is about 6
t/ha using a total amount of 800 mm of
water. This makes WP about 0.75 kg/m3,
one third of that under SI with similar
management (Figure 5). This suggests that
water resources are better allocated to Sl
when other physical and economic
conditions are favorable

In the high lands of WANA region, frost
conditions occur in the winter and put field
crops into dormant condition. Usually, the
first rainfall, sufficient to germinate seeds,
comes late resulting in low crop stand
when the frost occurs. Rainfed yields as a
result are much lower than when the crop
stand pre-frost is good. Ensuring a good
crop stand in December can be achieved
by early sowing a and applying a 50-100
mm of supplemental irrigation early in the
season.

Applying 50 mm of Sl to wheat sown early
increased grain yield by more than 60%,
adding more than 2 t/ha to the average
rainfed yield of 3.2 t/ha (llbeyi et al. 2006).
Water productivity of wheat reached 3.7 kg
grain/m3 of consumed water compared to 1
to 2 kg/m3 under traditional practices
(Figure5).

Alternative cropping patterns:

Due to increased water scarcity and
climate change, current land use and
cropping patterns should be modified if
more food is to be produced from less
water.

Water is likely to be the major constraint
and new land use systems that respond to
external as well as internal factors must be
developed based on available water. This
should include adopting water efficient
crops, varieties, and sound combinations
of crops in the farming system.
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Figure 5. Water productivity and yield of
wheat grains under various water
management strategies; rainfed, full
supplemental irrigation, deficit irrigation
and sowing irrigation (llbeyi et al. 2006) .

In cases of extreme water scarcity the
concept of importing virtual water becomes
viable. We do not encourage adopting this
concept as a national policy in developing
countries as it affects food security. Caution
should be taken when evaluating the
monetory, social and environmental returns
for water and the best crops should be
adopted for maximum benefits. Further
more, modifications of cropping patterns
should be introduced gradually with
appropriate policies to encourage adoption.

Precision irrigation:

Improved technologies that already exist
may at least double the amount of food
produced from present levels of water use.
Implementing precision irrigation, such as
micro- and sprinkler irrigation systems,
laser leveling and others techniques
contribute to substantial improvement in
water application and distribution
efficiency. It is true that water lost during
conveyance and on-farm application is not
an absolute loss from a basin perspective,
but its quality may deteriorate and its
recovery comes at a cost. To account for
these losses, the size of the irrigation
system will significantly increase and this
again comes at a very high cost. Policies to
implement and transfer these technologies
are vital. There is a need to provide
farmers with economic and more efficient

alternatives to on-farm water management
practices with incentives that can bring
about the needed change.

Other considerations
Environmental water productivity:

It is now globally understood and accepted
that environment is a water-using sector,
which is strongly linked to the
sustainability of water resources
development and management. This is a
complex issue for both rich and poor
countries. It is technically challenging and
often entails difficult trade-off among
social, economic, and political
considerations. Strategies to reduce poverty
should not lead to further degradation of
water resources and ecology.
Environmental water needs and that for
food production should be complementary
for sustainable livelihoods.

Enabling environments:

Lack of appropriate policies and
institutional setups are main obstacles for
adoption of improved water management
options. Valuating water is essential if
productiity is to improve. Socio-political
constrains do not allow water pricing, but
alternatives to pricing can be developed.

Water trading through goods is an old
practice. It can be used in countries with
extreme water scarcity to reduce inefficient
water use; but agricultural practices of
rural communities should be protected.
Water management institutions such as
user associations and community
cooperatives are weak in the region and
need strengthening. They should be
allowed to participate in the decision
making regarding water issues. Training is
essential to improve skills and
participation. These vital changes are
essential in order to unlock the potential of
water management in agriculture.

Conclusions and recommendations

In the dry areas, water is the most limiting
resource for agricultural production and is



increasingly declining. As more food in
needed with less water available, the only
option available is to increase agricultural
water productivity. Focusing on water
productivity in addition to land
productivity is therefore a recommended
strategy. To achieve this, more efficient
water management techniques must be
adopted. On-farm water-productive
techniques should be coupled with
improved irrigation management options.
Major changes needed would include:
water allocation to more water-efficient
crops/techniques, more water-efficient land
use, water valuation to truly reflect its
value, trade policy to import high water
demand goods, regional cooporation for
combating water scarcity and new policies
to address water scarcity issues.

Substantial and sustainable improvements
in water productivity can only be achieved
through participatory and integrated farm
resources management. More investment in
rainfed agriculture, in reallocating water
resources to higher water efficient options
such as Sl and WH and in improving WP
through appropriate policies and
institutional set ups is recommended.
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Abstract

People have always had to face the
unpredictability of the environment and
the variability of the climate. These
conditions have allowed us to acquire
knowledge appropriate at the local level
to deal with adversity, thanks to the
techniques of water collection and
distribution, the protection of soils,
recycling, and to the optimal use of
energy. However, it is the first time in
the history of our planet that the changes
in climate are due to the human
intervention and that they are
accompanied by two factors that make it
difficult to respond to them.The first
factor is the speed at which the process
that has been set in motion is taking place
impeding a progressive, natural and
cultural adaptation to the new
conditions. The second factor is the state
of physical and social deterioration. Soils
are exhausted by the agricultural
industry and massive urbanisation. Crops
are deserted because of waves of
emigration, poverty and loss of identity.
This is true for all countries in the world,
just as much the dry zones as the
temperate ones. Where there is water,
there is no one who had learnt to manage
it with wisdom as in the oases of the
desert. Oases are not natural phenomena,
a random happening, but the product of
human talent. A system tightly connected
and completely under the care of the
inhabitants. The conditions of oases,
where every error has an immediate echo
on the survival of the whole ecosystem,
provide a lesson that only a common and
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responsible management can guarantee
the survival of the oasis in the cosmos, in
the Earth. The paper highlights the value
of traditional knowledge of pre-industrial
societies in the area of natural resources
management. The significance of the
practical and cultural dimensions of this
knowledge based on a systemic vision of
the human-nature interactions taking
into account the environmental, economic
and socio-cultural aspects of natural
resources management is underlined. An
emphasis is placed on the history of water
management traditional techniques and
local knowledge considered as part of
cultural history. Special attention is given
to water management practices developed
in the arid areas of this region and
notably to the oases model described as a
sustainable development alternative to
the hydraulic civilisations model based on
an abusive exploitation of water
resources. Several examples of innovative
use of ancient water management
practices for agricultural, architectural
and urban development purposes are
described.

Intoduction - facing the new global crises

Global warming and climate exasperation
set new urgent issues in managing urban
and rural areas. Environmental crises on a
large scale caused by meteorological
extreme factors and sea level rising will
have a massive impact on the rural and
urban systems, already stressed by a
hypertrophic consumption of resources.
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Production models today are based on
concentrating population on flat and coastal
land and abandoning the mountain and hilly
areas. The mountain systems are no longer
protected and they have lost their capability
of absorbing water and mitigating climate.
Landslides, rain-wash and flooding are
becoming more frequent and affect the
plains and coasts where the watercourses
have been cemented causing, together with
the urbanization process, land
disappearance. It is the land, the superficial
layer resulting from the continuous
interaction of chemical, physical and
biological factors with water that makes
vegetable life possible, assuring the same
land’s protection and constant regeneration.
Without this protection soil is exposed to
the violence of the atmospheric forces and
is eroded by wind and rain. The materials
carried off add more abrasive particles to
the winds and produce sand that contributes
to the disappearance of superficial run-off
water, worsening dryness. The land
degradation and biological and hydraulic
impoverishment processes are therefore
strengthened in a constantly increasing
desertification cycle. Inappropriate human
intervention like exploiting the water and
vegetable resources, monoculture,
aggression to slopes and cementing are all
factors that trigger and worsen the process.
Appropriate local intervention schemes can
instead interrupt the negative circle of
desertification and install new sustainable
dynamics. This is the direction Traditional
Knowledge follows thanks to its long
period of adaptation to environmental
dynamics.

Traditional Knowledge constitutes the
ancient knowledge of humanity, the deepest
layer on which our science and culture have
developed, the local solutions that have
allowed the creation and management of
ecosystems and cultural landscapes on the
entire surface of the planet. It enables the
development of solutions with a low energy
and resource use that are able to adapt to
environmental variability and to react to
emergencies and catastrophes in flexible
and multifunctional ways. It has used solar
energy and the laws of nature: the
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principles of thermal insulation for
protection from heat and cold,
hydrodynamics for water capure and
distribution, biology principles to combine
and reuse elements for humus and
cultivable soil creation. It has managed to
control the force of the winds, to use the
law of gravity and to exploit the slightest
factors of humidity to trigger interactive
autocatalytic processes to amplify positive
phenomena.

Today, while entire planet systems risk
ecological collapse, Traditional Knowledge
shows how to interact with the environment
enhancing its resource potential without
exhausting it. It is the bearer of quality and
techniques, widespread on a territorial
scale, that have originated from the use of
the materials and objects of everyday life. It
consists of fragile elements that are subject
to the attack of today’s transformations, but
it also constitutes a still widely adopted
system of strong and brilliant devices for
energy production and resource recycling,
microclimate control and for the
management of the earth’s soil.

In Nepal, 75% of the irrigated area is
managed with traditional techniques, in the
Philippines 50%, and in Sri Lanka 40%. In
India, it is only 4%, but if we consider the
size of the country and that it has 70 million
hectares of irrigated agriculture, this is an
enormous figure. In the Sahara desert, in
extreme arid conditions, the oases make life
possible thanks to complex traditional
systems of water capture and management,
soil maintenance, dunes control and
bioclimatic architecture. Vast areas of
desert, now completely abandoned, were
once covered with gardens and cultivations
thanks to these practices. The incredible
water distribution systems in Marib, in the
heart of the Arabian desert, made the
existence of the capital of the Queen of
Saba possible for 2000 years, before this
civilization was destroyed and covered by
the sand. Still today in Algeria, of the date
cultivation in the oases, roughly 13.000
hectares having about 2 million date palms
are watered thanks to underground tunnels
dug artificially. The total surface covered



by these channels is of 7,000 Km. We are
referring to an ancient technique dating
back thousands of years, capable of
producing water in the most extreme desert
conditions and compatible with the
environment’s capability of renewing its
resources. In Morocco, the intricate net of
artificial channels makes the region around
Marrakech fertile and has been working for
300 years. In the south of Italy and in the
Mediterranean plains, Neolithic societies
flourished thanks to embankments,
channels and water regulation systems.
Until recent times, on the islands and coasts
of the Mediterranean, Red Sea and Indian
Ocean, potable water was guaranteed
thanks to archaic water condensation and
gathering systems.

It is wrong to consider traditional
knowledge only as a historical reminiscence
constituted by marginal practices to the
greater economic and technological
processes. From a quantitative point of
view also its use still maintains most of
humanity, distributed in the less
industrialized countries. Absurdly in these
places where traditional techniques are of
common use, they are considered as a
manifestation of backwardness in a
modernist view, while in developed
countries they become elements that create
an image and add value. Learning to use
this knowledge and disseminate it then does
not mean a return to the past but its
innovative reintroduction. This is a
productive area of research for the
development of new technologies based on
the same ancient principles, experiencing
the possibility of acquiring the most ancient
knowledge of humanity and of marrying it
with high-tech. This integration between
historical experience and modern
technological complexity is possible in all
sectors, from agricultural to urban systems,
landscapes and social practices.

The new role of local knowledge in
agriculture

In agriculture, traditional techniques dating
back to prehistory are today reintroduced as
the best practices for the regeneration of
soil, hydraulic savings, and combating
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hydro- geological instability and
desertification. The draining ditches
technique of the Daunia, in the southern
Italian region of Puglia, dates back 6000
years. More than 3000 villages were
surrounded by crescent shaped trenches that
drained the water maintaining the earth dry
for cultivation during the wet season and
having multiple functions as watering place
for animals, humus creating patches and
water reservoirs in the dry season. Today,
the traditional practice has been substituted
by automated agriculture and in these
places terrible floods take place in winter
and drought in the summer. On the
Ethiopian planes, along the Rift Valley,
many villages still use trench systems with
multiple functions for storing and
regulating water resources, collecting
sewage and producing fertilizer. Water
condensation from the atmosphere in caves,
from piles of stones and walls of calcareous
stones is used in all the ancient societies in
arid areas. Today aerial wells, atmosphere
condensers that produce water from the
humidity in the air, have been created
thanks to the application of the same
ancient principles and techniques. The
practice of installing terracotta jar shaped
cisterns or piles of calcareous stones near
plants to supply water is reproposed today
with innovative techniques and is more
functional than the modern dripping
irrigation system. These techniques are used
for reforestation in arid areas and provide
each plant with its own water supply that
sustains the tree in its growth period until it
becomes able to tap underground water. In
the same frame of technologies a company
has elaborated enzymatic biodegradable
compost called “dry water” which, when
placed near the roots, gradually transforms
itself giving needed water supply.

Draining water tunnels, underground
channels for water capture, are still used in
the Sahara but also in China and Iran to
produce the necessary hydraulic resources
for the oases. The tunnels, dug parallel to
the level of the ground, do not reach the
aquifers, but they only drain the superficial
surface of water, therefore absorbing only a
quantity compatible with their regeneration



capacity. They therefore constitute a
solution that can be reused also in damper
countries, as an alternative to wells that
draw water directly from the aquifers
exhausting them and causing serious
pollution problems and salinity. In the
Sahara new techniques to ease the hard
digging work are being experimented by
introducing small machines especially
designed. To the same innovative class
belongs a series of mechanical equipment
ranging from mini-tractors to dig crescent
shaped trenches for storing water, to new
machines for sustainable agriculture. In this
field reintroducing ancient practices enables
successful results in combating soil erosion
and degradation.

In southern Italy, new practices are being
experimented like planting grass and
sowing without previous tilling. The first
technique consists in letting grass grow
under fruit and olive trees creating a
protective layer and avoiding tilling which
is a cause of erosion. The second technique
is based on sowing wheat on land that has
not been tilled to preserve soil and save
costs. This practice is to be used in
situations of drought because the wheat
plants grow less in height and need less
water and chemical fertilizers.

Traditional techniques and materials in
architecture

A series of innovative technologies deriving
from tradition are being experimented in the
urban sector. Most of the ancient centres
were built on the agricultural land, where
terracing and hydraulic systems had been
created. In their structure, they incorporate
and continue using the ancient techniques
for gathering rain water, the protected areas
and kitchen gardens, the reuse of organic
waste for making humus, the passive
architecture, climate control for conserving
food methods, energy saving and food and
waste recycling systems. All the techniques
on photovoltaic, solar energy for warming,
water captation, compost and waste recycle
belong to this category. Several companies
now propose roof-gardens, which are
becoming mandatory in some cities in the
advanced countries, like Tokyo for
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example, where the grass on the roofs of
modern buildings, reminiscence of the
ancient hanging gardens of Babylonia,
maintains a perfect climate balance in the
apartments, collects rain water and
constitutes a place for leisure and
contemplation. In the recycling system, a
vast innovative sector is represented by
micro-solutions in the neighbourhood or in
each house. Small compost producing units
to be placed in the gardens or communal
areas are quite common and are effective in
absorbing organic waste, transforming it
into humus for the gardens. A water-closet
composter has also been created, based on a
device that is set immediately under the seat
that transforms sewage directly into
compost. There are some miniature biomass
reactors that transform waste in to biogas
for use in kitchen and also bigger systems
for the heating of the whole house.

Small and large-scale solutions for sewage
are available. In Germany for example,
modern houses have been provided with
vertical swamps, devices that imitate water
decantation and filtering processes like
those that take place naturally on the
marshlands. The same process is
reproduced along the walls of the buildings
in glass channels where sewage is
continually filtered, putrified and recycled.
In Calcutta an innovative traditional
technique used on a large scale has solved
the problem of grey water. Traditionally the
wastewater was reused for rice fields, today
thanks to the appropriate innovations of the
sewage filtering and sterilization proc