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SECTION I

4

5
RESOLUTION OF RA 11 WORKING GROUP
ON AGRICULTURAL METEOROLOGY
RESOLUTION 11 (XI-RA 11)
REGIONAL ASSOCIATION 11 (ASIA),
NOTING:
(1) Resolution 13 (Cg-XII)- Agricultural Meteorology Programme,
(2) The abridged final report of the eleventh session of the Commission for
Agricultural Meteorology (WMO-No. 825),
(3) Resolution 10 (X-RA 11)- Working Group on Agricultural Meteorology,
(4) The recommendations made by the session of the RA 11 Working Group on
Agricultural Meteorology held in Tehran, Islamic Republic of Iran, from 15 to
18 April 1996,
(5) WMO Technical Note No. 196 - Climate Variability, Agriculture and Forestry
(WMO-No. 802),
(6) Climate Change: the IPCC Second Assessment Report (1995),
CONSIDERING:
( 1) The economic importance of agriculture to the countries in Region 11 (Asia),
(2) That adjustments in management are required to cope with climate variability and
climate change,
(3) That strategies should be developed and adopted for maintaining sustainability in
agriculture,
(4) That drought continues to affect many countries in the Region,
RECOGNIZING the influence of the El Nino, Southern Oscillation on weather and
climate variability (including the variability of monsoon) in many parts of the Asian
continent,
URGES MEMBERS:
(1) To undertake studies on regional impacts of climate change on agriculture;
(2} To develop strategies for adaptation to cope with impacts of climate change on
agriculture and for maintaining sustainability;
DECIDES:
(1) To establish a Working Group on Agricultural Meteorology with the following
terms of reference:
(a)
To survey and summarize the effects of climate change and climate variability
on agriculture, animal husbandry, forestry and fisheries (food aspects);
(b)
To review literature and summarize possible strategies that could be adapted in
agriculture, to cope with the impacts of climate change and climate variability on
agriculture;
(c) To review the possible effects of agriculture on climate;
(d) To review and summarize the meteorological aspects of irrigation in and semiarid regions (for example water-use efficiency, crop-yield);
(e) To keep Members informed of the developments in agricultural meteorology and
desertification of particular interest to the Region;
(f)
To advise the president of RA 11 on all matters concerning agricultural
meteorology, including desertification;
(g) To establish a priority list of activities in agricultural meteorology (including
desertification) for the Region;

6
(2)(a)

To invite the following experts to serve as members of the working group:
Dr H.P. Das {India)
Mr Nguyen Van Viet (Viet Nam)
Mr A.K. Abdulaev (Uzbekistan)
Mr K.M. Abduleav (Uzbekistan)
Mr O.L. Babushkin (Uzbekistan)
Ms Wang Shili (China)
Ms K. Noohi (Islamic Republic of Iran)
Or Byong-Lyol Lee (Republic of Korea)
Mr O.D. Sirotenko (Russian Federation)
Ms A. Strashnova (Russian Federation)
Ms M. Munkhtsetseg (Mongolia)

(b) To invite Dr G.A. Kamali (Islamic Republic of Iran) to act as chairman of the
Working Group on Agricultural Meteorology;
(3)(a) To request the chairman to allocate responsibilities in consultation with the
members of the group for the various tasks contained in the terms of reference;

(b) To submit a final report comprising individual reports of the members, acting as
rapporteurs, to the president of the regional association not later than six
months before the next session of the Association.
NOTE: This resolution replaces Resolution 10 (X-RA 11), which is no longer in force.
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REPORT OF THE CHAIRMAN OF
THE RA 11 WORKING GROUP ON AGRICULTURAL METEOROLOGY
Tehran, Islamic Republic of Iran, 4-6 September 1999

G. A. Kamali
I. R. of Iran Meteorological Organization (IRIMO)

In accordance with Resolution 11 of the eleventh session of RA 11 in Mongolia,
the Working Group on Agricultural Meteorology was established in 1996. The Group
consisted of 11 members from People's Republic of China, India, I.R. of Iran, Republic
of Korea, Russian Federation, Mongolia, Viet Nam, and Uzbekistan. Some members of
the Group cooperated for the second terms of activity since 1992. I am pleased that I
was elected as a chairman of the Working Group and I have been given opportunity to
present the report of collective efforts of the Group in the twelfth session of RAil in
Seoul.
As per the terms of reference for the Working Group, seven items were
distributed to eleven members according to their willingness as follows:
a) Effects of climate change and climate variability on agriculture, animal
husbandry, forestry and fisheries -to rapporteurs Prof. O.D. sirotenko, and Dr.
A.l. Strashnaya (Russian Federation).
b) Adaptation strategies in agriculture to cope with the impacts of climate change
and climate variability on agriculture- to rapporteur Dr. H.P. Das (India)
c) Possible effects of agriculture on climate - to rapporteurs Drs. Byong Lyol Lee
and Van Viet (Korea and VietNam)
d) Meteorological aspects of irrigation in arid and semi-arid regions - assigned to
Prof. Wang Shili (China)
e) To keep members informed of the developments in agricultural meteorology
and desertification of particular interest to the Region
to
Drs. O.L. Babushkin, A.K. Abdulaev, K.M. Abdulaev (Uzbekistan).
f) Advising the President of RA 11 on all matters concerning agricultural
meteorology, including desertification- to Mrs. K. Noohi (I.R. of Iran)
g) Priority list of activities in agricultural meteorology (including desertification) for
the Region- to Dr. D. Dagvadorj (Mongolia)
All members of the Working Group took their responsibilities and kept regular
contact with the Chairman on their work. In this course some rapporteurs distributed
questionnaires to the Member countries in RA 11. The Questionnaires, however, were
collected and followed up later on.
The Group held a meeting from 4 to 6 September 1999 in Tehran not only to
arrange and harmonize cooperation among members but also to consider new
requirements and aspirations that the Working Group was facing in the period of its
performance.
The meeting approved a timetable for the finalization of technical reports of
members and they were requested to send a copy of the reports to the chairman and
WMO secretariat on time.
Eleven participants including the representative of WMO attended and reviewed
progress reports prepared by the members. In the light of discussions, the meeting
came up with definite suggestions for the improvement of reports to upcoming Session
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of RA 11. Moreover, the meeting also concluded a number of recommendations to be
tackled by the next Working Group.
The meeting of the Working Group recommended the reestablishment of
Working Group on Agricultural Meteorology for RA 11, which might include the following:
1) To review and summarize the effects of climate change and climate variability
on agriculture, animal husbandry, forestry and fisheries (food aspects);
2) To promote the more active use of seasonal to inter-annual climate forecasts
for sustainable agriculture in Asia;
3) To review and evaluate the impacts of ENSO on agriculture, forestry and
fisheries in Asia;
4) To review and summarize the current understanding of the physical
mechanisms of droughts as well as the existing systems of drought monitoring
and prediction in Asia and suggest appropriate coping strategies for droughts;
5) To study the effect of deforestation on the severity of flood occurrence in the
region and suggest appropriate strategies to combat desertification;
6) To review and evaluate the socio-economic impacts of extreme climatic events
on agriculture, forestry and fisheries and the long-term and short-term remedial
measures to deal with them;
7) To review and summarize the status of applications of new methods such as
GIS, EIS and remote sensing in agrometeorology in Asia;
8) To evaluate the current procedures for the provision of agrometeorological
advisories and services for farmers and end users, and suggest the ways and
means to improve them.
Technical Reports :
1)

To survey and summarize the effects of climate change and climate variability
on agriculture, animal husbandry and forestry

This technical report has been prepared by Dr. Sirotenko and
Mrs. A.O. Strashnaya. Impacts of climate change on agriculture, husbandry and forestry
have been studied on local basis.
lt is concluded that global warming will result in a significant potential rise of the
agrarian sector of economy in Russia, which may be the largest world producer of grain.
lt will be possible only in case of the achievement of the current West Europe
technological level of agriculture and its major adaptation to new climate conditions.
Results from sensitivity analysis on the present day agriculture to climate and
other variations show that simultaneous C02 increase may compensate for negative
climate change induced effects. Increased atmospheric pollution with ozone and other
pollutants as well as soil dehumidification make this possibility rather problematic.
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2)

To review literature and summarize possible strategies that could be adopted in
Agriculture, to cope with the Impacts of Climate Change and Climate Variability
on Agriculture

Dr. H.P. Das has prepared his technical report in seven chapters in which there
are references to degradation, erosion and desertification mainly caused by climate
change.
Moreover, the impacts of climate change on husbandry and agriculture have
been studied. The report noting adaptation strategies to GHGs has also considered
economical issues of the problem.
Major recommendations of this report are as follows:
a) Greater efforts are needed to ensure the provision of baseline climate data
at the scales of climate variability and change for inventory, evaluation,
planning and management in order to increase further agricultural
productivity. Every effort should be made to increase the involvement of the
national agricultural and meteorological services in collection, application
and availability of data;
b) As we learned more about the effects of anticipated climate changes on
crops, more efforts should be directed to exploring biological adaptations
and management systems for reducing these impacts on agriculture and
humanity. Watch has to be kept whether regional climates become drier or
wetter with global warming;
c) Under changing climate conditions such as changing planting date, or,
selection of other cultivars should be planned to help to prevent some of the
potential reductions in yield. Plant breeder may have to adapt combinations
of temperature tolerance and photoperiod responses into new germplasm.
In situations where non-structural carbohydrates accumulate as a C02
fertilization effect response, new germplasm needs to be developed that
can make better use of the phtoassimilate source;
d) Agronomist needs to work closely with climatologists at a regional level to
provide a sound basis for optimising crop, soil and water management
under the changing conditions of climate. This should be accompanied by
concerted projects on plant breeding by conventional technique and by
using genetic engineering and selection for stress-resistant genotype;
e) The long-term effects of elevated C02 on the uptake of nutrients (e.g.,
nitrogen, phosphorous etc.) are unknown and studies on the subject should
start soon. Nitrogen balances should be linked to plant-soil-water balance,
and the impact of elevated C02 on biological nitrogen fixation and
phosphorus uptake need to be quantified for various crops under field
conditions;
f) As worldwide climate change may exacerbate the difference water-rich and
water-poor areas; provision may be made for increased storage in water
critical regions for agricultural development and sustainability;
g) The possible effects of climate change should be incorporated in the design
and management of water resource systems, considering their long
construction times and subsequent lifetimes;
h) Special water resource design criteria taking into account climate change
should be developed particularly for vulnerable areas of the world. The
design should consider both extremes from the past and scenarios from the
GCMS in order to achieve the necessary flexibility to accommodate
possible future charges;
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i)

j)

3)

The rate at which tree species and forest ecosystems are affected by
climate change needs to be studied s there is a lack of basic knowledge on
this aspect;
Scientific and technical solutions to many of the problems of adoption of
agricultural system to climate change and climate variability should be
explored (if does not exist yet). Greater emphasis should be given to
training programs, agricultural extension services and strengthening of
institution in country if the gap in adaptive capacity of developed versus
developing countries is to be reduced.

To review the Possible Effects of Agriculture on Climate
This report has been prepared by Dr. Byong-Lyol Lee and Dr. Nguyen Van Viet
in four chapters. The report considers the feedbacks of terrestrial ecosystems,
land surface characteristics, and agricultural activities to climate. Moreover,
greenhouse gas emission and measures in Agriculture and Forestry have been
studied in this technical report.
Proposed recommendations of the report are summerized as follows:
Terrestrial ecosystems and climate are closely coupled. Changes in climate and
the carbon dioxide concentration of the atmosphere cause changes in the
structure and function of terrestrial ecosystems. Changes in the local abundance
of species and genetic sub-groups (genotypes) are among structural variations.
The conversion of forests and other ecosystems to pastures and arable
lands have increased the atmospheric concentrations of C02
and other greenhouse gases. Global environmental change links a
diversity of human activities to the changing atmospheric composition,
climate, and land cover. These linkages become apparent in the fluxes
of energy, water, and substances between the different components
such as atmosphere, biosphere and oceans.
Increases in greenhouse gases concentration and climate change are also
followed by rise in sea level, changes in hydrology and impacts on ecosystems.
Methane is produced in organic soils as a result of the metabolic activities of
micro-organism in the absence of oxygen. The major N20-producing process is
desertification, which is promoted by high nitrate supply and low soil oxygen
concentration. Warmer soils promote more rapid nitrogen cycle.

4)

To review and summarize the Meteorological Aspects of Irrigation in arid and
semi-arid regions (for example water-use efficiency, crop yield)

This report which is prepared by Prof. Wang Shilli includes seven chapters. The
report has mainly focused on water saving in agricultural processes, irrigation
programming, application of models to irrigation and impacts of climate change in water
consumption efficiency.
Major recommendations are summarized as follows:
Water saving and rational irrigation are the important approaches to
solve water resource shortages and to develop sustainable agriculture.
There are many aspects of agrometeorology to be considered in the
implementation of rational irrigation.
Among them you may note irrigation scheduling, crop water
requirements, evapotranspiration concept and plant-soil-water system.
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Under this topic, application of modelling in irrigation scheduling based
on SPAC and effects of climate change on water use efficiency have
especially been focused.
Meteorological office and agrometeorologists should actively carry out
the agrometeorological information service based on the study results
about crops and water forecasting by using meteorological observation
monitoring system and communication network system.

5)

To keep members informed of the developments in agricultural meteorology
and desertification of particular interest to the Region

Dr. O.L. Babushkin have outlined important matters in their report on the
progress in agricultural meteorology and combating desertification which is a topic of
particular interest for the region.
Desertification is currently the result of combined effects of two groups of factors,
natural and anthropogenic. Climatic factors are clearly among the most important
natural forces capable of initiating the process of desertification. They have concluded
that on the basis of scenarios for climatic changes, air temperature changes have been
evaluated for eleven regions and district of Uzbekistan.
lt also must be noted that successful implementation of measures to improve
pastureland have not only economic but also ecological effects and preserve natural
pastures from degradation.
They reported that agricultural meteorology in Uzbekistan was expanding its
research in the areas of irrigated and dry land crop cultivation, pastureland vegetation
and assessment of the effect of weather and climatic conditions on grazing stock. They
summarized the work carried out in Uzbekistan on these aspects.

6)

To advise the President of RA 11 on all matters concerning agricultural
meteorology, including desertification

Mrs. K. Noohi in her reports has outlined major issues in sustainable
development in Asia. These include drought, desertification, water harvesting and
optimum use of water in the arid areas, crop yield forecasting and climate change and
agriculture. She has also reviewed the applications of remote sensing to monitoring of
drought, effect of ENSO on drought occurrence and effects of 1997/98 EI-Nino events.
Major recommendations of this report are as follows:
Drought

Drought monitoring systems should be established in various countries
of the region by the use of satellite images and meteorological data.
Preliminary studies should be carried out in order to implement the
required information and softwares.
Recent studies show that the ENSO events are associated with drought
in northern China, northern Africa and India. Greater attention needs to
be paid to these relationships in the future.
Research should be conducted on various crops and forage grasses
with due attention to various climatic characteristics of different regions,
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in order to determine the most suitable varieties from an environmental
point of view.
Developing suitable industries
Promoting technical skills
Sustainable development of water and soil resources and attraction of
the people's partnership to infrastructure programs.
Carbon sequestration by providing plant coverage.
Desertification

Exerting a single management in arid lands through cooperation with
other ministries and related organizations in order to prevent
desertification by providing National Action Program.
Recognizing the potentials and abilities of arid areas, suitable programs
should be initiated for these regions.
Creating a favourable situation for an active people's partnership
specially for women and attracting the people to invest in desertified
lands.
Promoting people's understanding who are living in arid lands or in
marginal regions.
Recognizing and reviving knowledge of people living in arid regions and
using the knowledge to make sustainable development in these regions.
To emphasize family planning measures most seriously in rural and
named setting regions.
To prioritise allocation of financial resources to accomplish the goals of
National Action Program.
To improve energy efficiency in desertified land areas to put an end to
the undue collection of fuel wood and destruction of vegetation.
Water harvesting

According to the above-mentioned subject, it is necessary to develop a
comprehensive programme for optimum use of limited water resources in arid region of
the Asia. Otherwise rate of aridity and desertification will grow rapidly.
The following recommendations are offered to assist the decision-makers in the
countries of the region. Extension of the concept of water harvesting and conserving even in microscale - should be considered as the first step and aim in program
planning. This can be achieved only by transferring the useful results of rainwater
harvesting operations to the people of the rural areas close to the deserts and arid
regions. Farmers should understand that the development of water harvesting for their
use is not an obligation but rather a service for them to which they must reciprocate.
a) Developing traditional system of collecting water such as Ghanat and pitting, as
efficient tools, which have simple technology, should be accepted and
advisable;
b) Farmers and rural people should be involved in all stages of planning and
execution of water harvesting projects. This increases their knowledge and
cooperation;
c) A set of information canters and educational institute, linked together, must be
established in capitals of the countries of the region. These canters facilitate
information exchange and quick access to the data;
d) Involving women in training activities is customary for them to participate in
construction, operation and management;
e) Revival of the devastated pastures and forests has direct links with the use of
efficient rain water catchment systems. Ecologically speaking, forests in the
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f)

countries are going to be at a difficult devastating stage for which the man
himself is responsible. Rain water catchment systems, once established will
assist man in cultivation;
With respect to possible occurrence of climate change, which leads to
increases in temperature and evaporation from water resources, extension of
artificial systems is strictly recommended. Government should plan is such a
way that use of flood water is placed in the list of main agricultural policies.

Crop yield forecasting

In using the models and presenting the outputs, the following notes can be
suggested:
a) The establishment of an integrated system of yield forecasting calls for a very
accurate definition of the identification of users and their needs;
b) Monitoring and risk situation should be very related to the region where they are
occurring;
c) Too general and vague information must be avoided in the presentation of data;
d) Use of satellite data and GIS in crop forecasting methods has become an
important source of information;
e) Greater international and regional efforts should be made to new remote
sensing and GIS capacities. The main limiting factors are the cost of acquiring
adequate imageries, need for high performance computer and skilled
manpower with expertise;
f) Establishment and maintenance of reliable geographic databases, combined
with the establishment of environmental monitoring systems, are essential
requirements to cope with challenge of food production;
g) Accurate measurement of required parameters for model operation is essential
otherwise the use of models would be misleading;
h) As the first step, RA 11 countries should be well aware of using sophisticated
models which require too many parameters with high degree of accuracy;
i) The applications of econometric models for crop yield forecasting are still at an
initial phase. Their establishment requires considerable preliminary work
including identification of required data and their preparation in a suitable
format;
j) Extension of GIS and remote sensing techniques requires educational services,
financial aids from international organization, then workshops and training
courses should be held in the countries of the region.

7)

To establish a priority list of activities in agricultural meteorology (including
desertification) for the region

Dr. D. Dagvadorj distributed a questionnaire on this subject in the region.
However, twelve countries had only responded. Agrometeorological activities in this
report were identified under 8 major areas including general agrometeorology, cropping,
grassland vegetation, forestry, fisheries, pest and disease, and research.
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Priority activities under each of these areas were listed as follows:

General Agrometeorological Activities
a) Measuring and providing weather characteristics (air and soil temperature,
relative humidity, wind speed and direction, evaporation and vapour pressure,
etc.);
b) Issuing the Agrometeorological Bulletins and Reports (Ten-day, monthly,
seasonal);
c) Providing
Central
and
Local
Government
Organizations
with
Agrometeorological information;
d) Providing special agrometeorological information upon request;
e) Issuing weather forecasts in agricultural aspect (daily, weekly, monthly};
f) Supporting the cooperative technical programmes;
g) Forecasting for occurrence of frost and heat waves, drought-incidence and
persistence;
h) Advice on programmes and projects to combat desertification;
i) Education and training of national experts on agrometeorology.

Activities in Agrometeorology (Cropping)
a)
b)
c)
d)

Analysis of crop water requirement and rainfall data;
Warnings of hazardous weather phenomena for crops;
Warning of the outbreak of pest and disease related weather;
Probabilities
of
precipitation
and
estimation
of
reference
evapotranspiration;
e) Irrigation scheduling as per crop water requirement in irrigated areas;
f) Forecasts of rainy seasons ahead.

Agrometeorological Activities in Grassland Vegetation
a)
b)
c)
d)

Operative grassland condition map;
Forecast of grassland yields;
Onset/Offset of dry spells;
Forecast of impending weather.

Activities in Animal Husbandry Meteorology
a) Seasonal report on the livestock breeding;
b) Zoo-climatic data;
c) Recommendations for animal Husbandry.

Activities in Forestry Meteorology
a) Prediction of periods of probable forest fire;
b) Analysis of present and future weather.

Agrometeorological Activities in Fisheries
a) Early warning on state of sea, strong wind and storms;
b) Recommendations on weather impact for fish farming.

crop
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Agrometeorological Activities in Pest and Disease
a) Information on impacted area by pest and disease;
b) Prediction of onset of pest and disease on crops and animals.

Agrometeorological Research Activities
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

Forecasting of crop and grassland products;
Utilization of agrometeorological data in assessing irrigation requirements;
Utilization of agrometeorological data in all agricultural activities;
Estimation of evapotranspiration;
Application of GIS in agrometeorology;
Application of Remote Sensing Method in agrometeorology;
Impact and adaptation assessment of climate change on agricultural sector;
Crop-water requirement;
Pest disease warning system;
Crop harvest for various varieties.
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REPORT OF THE MEETING OF THE RA 11 WORKING GROUP
ON AGRICULTURAL METEOROLOGY
Tehran, Islamic Republic of Iran, 4-6 September 1999

1.

Opening of the Meeting

1.1
The meeting of the Working Group on Agricultural Meteorology of Regional
Association 11 (Asia) of the World Meteorological Organization was held at the
Headquarters of the Islamic Republic of Iran Meteorological Organization {IRIMO) from
4 to 6 September 1999. Eleven participants attended the meeting (please see Annex 1).
1.2
The meeting was opened at 10 00 hrs on Tuesday, 7 April 1998 by
Dr Ali Mohammed Noorian, Vice Minister of Roads and Transportation and General
Administrator of IRIMO and the Permanent Representative of Islamic Republic of Iran
with WMO and Second Vice-President of WMO. Dr Noorian welcomed the participants
to IRIMO and expressed his thanks to WMO for accepting the invitation to hold the
meeting in Tehran and for providing support to organize the meeting.
1.3
Dr Noorian noted that more than 800 million people around the world were
facing food shortage and starvation. Dr Noorian informed the group that 80% of the
fresh water resources in the world are consumed for agricultural purposes and hence
the selection of species best suited to climate in the region is important.
1.4
Dr Noorian mentioned that Iran, like other mid-eastern countries in the semi-arid
latitudes, receives only a fourth of the global mean precipitation. Hence agrometeorology
plays an important role at the national level as well. He added that IRIMO had established
18 agrometeorological research centres which are conducting research in a number of
strategic fields. Furthermore, IRIMO is actively engaged in issuing timely warnings to
protect the farmers from floods, frost damage, pests and diseases, forest fires etc.,
1.5
Dr Noorian noted that the Working Group on Agrometeorology is important for
the countries in the RA 11 region and asked the meeting to prepare a comprehensive
report on the different topics of importance to the region. He wished the deliberations
all the success.
On behalf of the Secretary-General of WMO, Dr M.V.K. Sivakumar, Chief of
1.6
the Agricultural Meteorology Division, welcomed the participants and thanked the
authorities of IRIMO, in particular Dr Ali-Mohammed Noorian, for hosting the meeting
and for placing the excellent facilities of the IRI MO at the disposal of the Working Group.
1.7

Dr Sivakumar referred to the discussions of the eleventh session of the RA 11
and the origins of the establishment of the Working Group and its terms of reference.
The Association strongly supported the strengthening of training in agrometeorology
and in applied meteorology in appropriate institutions in the Member countries and
Dr Sivakumar gave details of seven training events conducted in the Region.

1.8
One of the important tasks of the Group during the meeting was to review the
draft reports prepared by the members of the Group and discuss the modalities for the
preparation of the final report of the Working Group which will be presented by the
Chairman of the Group at the next meeting of the RA 11 which will be held in Seoul,
Republic of Korea in September 2000. Dr Sivakumar asked the Group to discuss the
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important issues in -order to make proposals/recommendations to the Regional
Association regarding the re-establishment of the Working Group and its future
activities. Finally he wished the participants successful deliberations.

1.9
The Chairman of the Working Group, Dr G.A. Kamali thanked both the
speakers for their remarks. He welcomed all the participants to the meeting and
reminded them of the importance of the report of the working group as it addresses
some of the key issues for Asia.
1.10
Dr Kamali mentioned that every year, unfavourable climatic parameters cause
damage to agricultural production, hence it is necessary to find appropriate solutions to
alleviate the adverse effects. He also referred to the problems of drought and
desertification in the RA 11 region.
1.11
Dr Kamali reminded the group that it is expected to fully address the effects of
climate change on agriculture, animal husbandry and forestry in order to make due
adjustments in management and development strategies. He emphasized that the
results of studies on the interaction between climate change and agriculture could be
applied in strategic agricultural programming of all countries in order to improve and
increase agricultural production.
1.12
Dr Kamali then described the division of responsibilities amongst the different
members of the working group and to the efforts made by the members in preparing
questionnaires on the topics assigned to them and in preparing their reports. He
thanked all the members for their efforts and hoped that the group would make further
contributions in finalizing its report for the next session of RA 11.
2.

Organization of the session

2.1

Approval of the Agenda

The chairman submitted the provisional agenda for consideration. The
participants agreed with the agenda as outlined.
2.2

Other organizational matters
Members agreed that the working hours for the morning session would be from

10.00 to 12.30 hrs with a tea break at 11.30 hrs, lunch break from 12.30 to 14.00 hrs
and that the post-lunch session would be from 14.00 hrs to 16.30 hrs with a tea break at
15.30 hrs. Members were informed that there would be a tour on Monday morning.
Members of the group introduced themselves giving a brief description of their
background and current interests.

3.

Review of the Terms of Reference of the Working Group

3.1
The terms of reference of the working group as contained in Resolution 11 of
the Eleventh Session of RA 11 held in Ulaanbaatar, Mongolia in 1996 were examined.
3.2

The chairman asked members to examine items (a) to (g) listed under the
section "decides" of the Resolution 12. The following summary is presented according
to terms of reference (a) to (g).
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(a)

Rapporteur on Climate Change and Climate Variability

3.3
The chairman requested Or Sirotenko to inform the group as to how he dealt
with this particular item.
3.4
Or Sirotenko felt that the term of reference, as given, was far too extensive and
that the available information, in his opinion, on fisheries etc., is fairly limited. Hence he
requested the group to consider this issue as a formality.
3.5
The chairman clarified that the point raised by Or Sirotenko is of general nature
and that he could put forth his ideas for consideration at the future session of RA 11.

(b)

Rapporteur on Adaptation Strategies in agriculture

3.6
The chairman requested Or Oas to inform the group as to how he dealt with
this particular item.
3. 7
Or Oas informed the group that he extended his report to cover the issues of
both forestry and fisheries. However, he considered only freshwater fisheries and
asked if marine fisheries should also be included. He also felt that rangeland
agriculture is important. Hence he requested the group to allow him to extend the
preview of the responsibility assigned to him. He also discussed the economic feasibility
of adaptation measures.
3.8
Or Sivakumar mentioned that in some of the Asian countries marine fisheries is
indeed a very important economic activity and hence the report of Or Oas could include
this aspect. He also recommended that as rangeland agriculture is a very important
area in countries such as Mongolia, it would be useful to address this aspect in his
report.
Or Sirotenko commented that in the light of his previous comments, the word
3.9
fisheries could be eliminated in his report and that it could be included in the report of
Or Oas. Or Das agreed with the suggestion.

(c)

Rapporteur on Possible Effects of Agriculture on Climate

3.10

The chairman invited Or Byong Lee and Or Van Viet for their comments.

3.11

Or Lee informed that during the IGBP Congress there was a lot of discussion
on the effect of land use change on crop cover. Hence he suggested that if the working
group agrees, he would like to change the title to "potential effect of agriculture on
climate change".

3.12

Or Sirotenko said that in all the previous documents of RA 11, there were two
points on this issue: first, the effect of climate change on agriculture and second, the
effect of agriculture on climate. Hence he felt that the title should not be changed.

3.13
Or Sivakumar felt that the original term of reference mentions "effect of
agriculture on climate" and that the proposal of Or Lee to cover only climate change
may indeed mean that some of the important issues of the effect on agriculture on
climate itself may not be addressed. He suggested that the modified title could read
"effect of agriculture on climate and climate change".
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3.14
Dr Lee mentioned that climate refers to long term average and if he had to deal
with climate itself, he would have to deal with every agricultural activity. Hence to be
more specific, it would be useful to deal with climate change only.
3.15
Dr Van Viet informed the group that he finished his report. One of the major
causes of climate change is greenhouse gas emission. Since agriculture and energy
sectors contribute to it, he felt that greenhouse gas emissions in agriculture should be
considered.
(d)

Rapporteur on Meteorological Aspects of Irrigation

3.16
with.

The chairman asked Dr Wang Shili to describe as to how this subject was dealt

Mrs Wang Shili informed the group that irrigation is a supplementary tool to
3.17
deal with water shortage. Hence in her report, she dealt with how the water
requirements could be tackled using irrigation scheduling. Also, she informed the group
that she omitted the reference to arid and semi-arid regions.
3.18
Dr Sivakumar made reference to the original term of reference which mentions
clearly that meteorological aspects of irrigation in the arid and semi-arid regions should
be considered. Since in Asia this aspect is crucial for water use efficiency and
increased yield, it is important to make reference to the arid and semi-arid regions
where this aspect is of great importance.
(e)

Rapporteur on Developments in Agricultural Meteorology

3.19
The chairman asked Dr Babushkin to inform the group on the approach taken
by him.
3.20
Dr Babushkin mentioned that the subject of desertification is a broad issue and
combating desertification is an important issue along with drought. lt is important to
examine both meteorological and hydrological aspects and he dealt with the subjects
accordingly.
(f)

Rapporteur on Weather and Animal Health and Diseases

3.21
The chairman complimented Mrs Noohi for the work she already carried out
and invited her to make her comments on this term of reference.
Mrs Noohi informed the group that she tried to present some recommendations
3.22
for RA 11. She tried to not refer to the normal issues that are found in literature, but to
issues that are more important in the context of RA 11 region.
(g)

Rapporteur on Priority list of activities

3.23
The chairman invited Dr Dagvadorj to make his comments on this term of
reference.
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3.24

Dr Dagvadorj felt that the list submitted by him may not have been
comprehensive, as the responses to the questionnaire submitted by him were poor.
After consideration of his report, the group may wish to examine the priority list of
activities.

3.25
Dr Sivakumar mentioned that in general the responses to questionnaires sent
out from the Secretariat were not quite encouraging. Hence, he suggested that the
members of the working group should review this aspect and suggested appropriate
priorities which Dr Dagvadorj could take into consideration in his report.
3.26
Dr Das supported the comments of Dr Sivakumar.
Responses to
questionnaires are usually poor and the group should come with priorities. Dr Das also
mentioned that the items (e) to (g) all refer to desertification.
3.27
Dr Lee mentioned that questionnaires are usually sent only to the NMHSs.
Other services in the countries should also be asked to respond to questionnaires.
3.28
The chairman pointed out that the priority list of activities is important for the
survival of the group and hence the group should strive to prepare such a list.
3.29

Dr Dagvadorj mentioned that he had difficulties with the questions relating to
desertification issue as NMHSs are not the only agencies dealing with this issue.

4.

Report of the chairman of the Working Group

4.1
The chairman presented a short report. He once again extended a warm
welcome to all the participants. Agricultural meteorology forms one of the most
important parts of agricultural activities as a whole. Every year, unfavourable climatic
parameters cause damage to agricultural production, so it is necessary to conduct
research on this problem and find appropriate solutions to alleviate adverse effects.

4.2

The chairman mentioned a number of areas of importance to agricultural
meteorology. These include desertification, climate change and its impact on
agricultural activities, extreme meteorological events etc.,

4.3
The chairman referred to resolution 11 of the eleventh session of RA 11 by
which the working group on agricultural meteorology was reestablished with renewed
terms of reference. He expressed his pleasure to chair the group and extended his full
support in the preparation of the final report for the next session of the RA 11 to be held
in the Republic of Korea in 2000.
4.4
The chairman then referred to the division of responsibilities among the
members of the working group according to which the members prepared their reports,
which will be presented under agenda item 5 later in the session.

4.5
The chairman hoped that the group would manage to summarize and
formulate the final decisions to conclude the group's recommendations and provide
WMO with a timely and comprehensive report which will be presented at the next
session of RA 11.
4.6

The chairman extended his special thanks to Dr Sivakumar, who had always
warmly supported the activities of the Working Group and rendered valuable guidance
to it.
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4.7
The chairman extended his sincere thanks to all the distinguished members of
the working group for their cooperation and hoped that their contributions would help
submit a comprehensive report to the RA 11 session.
5.

Presentation of reports

5.1

Effects of Climate Change and Climate Variability on Agriculture

5.1.1
Dr Sirotenko circulated two papers published by him entitled "Imitation
modelling and progress in agrometeorology" and "Sensitivity of the Russian agriculture
to changes in climate, C02 and tropospheric ozone concentrations and soil fertility".
He mentioned that these two publications would form the basis for his report.
5.1.2
According to Dr Sirotenko, the problem was that there was too much
information available in the form of new papers and new reports almost every month in
the area of climate change and climate variability on agriculture. Summing up the effect
of climate change and climate variability on agriculture in a short report is difficult
because the IPCC (1995) report itself is quite exhaustive and bulky. Hence, Dr
Sirotenko mentioned that he made an attempt to present a short summary of various
papers published in recent years in his report.
5.1.3
The spectrum of the expected impact due to climate change is very large. The
task is complicated by the fact that in addition to climatic parameters, account should be
taken of the direct effect of increase in greenhouse gases concentrations on crops
against the background of progressing anthropogenic changes in soil. The most fitting
tool for resolving the task seems to be dynamic crop growth simulation models which
should be supplemented with required modules to reflect multiple changes in the
environment.
5.1.4
An example of the flow chart used to investigate the relationships between
components of weather-yield simulation model was shown.
5.1.5
Dr Sirotenko then referred to the results of local studies conducted in Russia.
All four factors under study including climatic parameters, C02 , tropospheric ozone
concentrations and soil degradation extent greatly impact agricultural productivity.
5.1.6
Future scenarios should take into account our particular requirements in Asia.
Dr Sirotenko referred to the figures on the effect of climate change on agriculture in
Asia.
5.1.7
Dr Sivakumar referred to the need for recommendations. Dr Sirotenko
responded that such a list would be presented in a written form.
5.1.8
The chairman asked whether Dr Sirotenko had tested the models and came to
the conclusion that they would be applicable only to Europe, not to Asia. For the
European part of Russia, using the Western European model would increase the yield
by 2.5 times. Such a conclusion would not be applicable to the more arid regions. Dr
Sirotenko agreed with the suggestion of the chairman that more studies are needed for
the Asian region.
5.1.9
Dr Das asked that in the temperate regions due to temperature increase there
is increased growing season length. But Dr Sirotenko had referred to yield loss. Dr
Sirotenko explained that wheat grows too fast and does not fill the grain enough. Some
western models do not take into account the difficult drought situations.
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5.1.1 0 Dr Van Vi et mentioned that there are many models available but he wanted to
know which model is better for Asia. Dr Sirotenko mentioned that there is a lot of
publicity around some of the available models, but some of them are not well adapted
to the Asian regions. The models should be tested under local conditions and also are
under extreme conditions. The available models cannot be applied easily to the Asian
conditions.
5.1.11

Dr Dagvadorj asked if the effect of climate change on agriculture is dealt with
in an integrated manner. What is the effect of climate change on soil and soil cover. Dr
Sirotenko noted that we should first take climate and the conditions of soil into
consideration and then look at the changes. Management conditions also need to be
considered. Some time the soil conditions change, soil contents change and in the
European models this is seen time and again.

5.1.12

The chairman mentioned that it is important that the effect of climate change
on agriculture should be taken into consideration in the future plans. Dr Sirotenko
replied that the methodology applied in Russia may not be applied in other regions.
This model could be used in certain areas of Iran, but the soil and climate conditions of
Iran should be taken into consideration.

5.2 Adaptation strategies to cope with Climate Change

5.2.1
Dr H.P. Das presented his report. The report was presented in six chapters
and Dr Das presented a brief summary of each of these chapters.
5.2.2

Sustainability of agriculture depends on the availability and quality of natural
resource base. Three stages in the adaptation of agriculture to climate change were
referred to and these include technology availability, farmer acceptance and response
of markets to changes in supply. A range of policy options to cope with climate change
was suggested.

5.2.3

Land degradation and desertification in relation to climate change and
adaptation strategies were described. Adaptive strategies for mitigating the impacts of
climate change on desertification should be based on effective water use and
management, better land use systems, agroforestry, and conservation and biodiversity.

5.2.4

Climate change impact on crop and animal agriculture were described in terms
of soil changes, C02 fertilization effect, human responses and changes in mountain
agriculture. Some possible adaptation strategies and technological options for
adaptation to climate change were listed. Adaptation and adjustment for livestock to
cope with climate change was described and high-priority research needs were
highlighted.

5.2.5

The impact of climate change on fisheries and adaptive strategies were
described along with constraints for adaptation and research and monitoring needs in
this area.

5.2.6

Climate change impacts on forests were highlighted. Adaptation to gradual
change, adaptation and coping options and research needs were described.
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5.2. 7
Chapter 6 of the report of Dr Das dealt with the economic feasibility of
adaptation measures which included sections on proper pricing of water in agriculture,
policies affecting adaptation, adaptation policies from economic point of view, the
economic feasibility of mitigation efforts and uncertainties and future research needs.
5.2.8
Dr Das ended his presentation with conclusions and recommendations on the
issue of adaptation strategies to cope with climate change.
Dr Lee suggested that as climate change and environmental change etc. are
5.2.9
not sudden and that they happen over a number of years, we need more cooperation
between agrometeorologists and agriculturists. If this line of thinking is agreed, this
should be reflected in the report. Dr Das replied that in his report on water use
efficiency, techniques on water conservation etc. have been mentioned.
5.2.1 0 Dr Sirotenko congratulated Dr Oas for presenting a very complete report. The
only proposal that he would like to make is that we should pay particular attention to the
analysis of the data mathematically for adaptive strategies. Two or three case studies
have been made in the United States on this subject.
5.2.11 Or Wang Shili asked about strategies for reducing green house gas emissions
from crops. Or Oas replied that some strategies for reduction have been mentioned in
the report. Or Sivakumar mentioned that carbon sequestration is an important strategy
and this may be emphasized in the report. Or Oas agreed to collect more information
and add to the report.
5.2.12 Or Van Viet also congratulated Or Das on his report and hoped that this
subject will continue to receive emphasis in the future activities of the working group.

5.3

Impacts of Agriculture on Climate Change

5.3.1
Dr Byong Lee made his presentation on the impacts of agriculture on climate
change. He mentioned that the original term of reference was changed because
climate and ecosystem are closely coupled.
5.3.2
Climate change is an accumulated outcome of meteorological changes on a
short time basis and hence climate change can cause changes in the structure and
function of terrestrial ecosystems. These in turn influence the climate system through
biogeochemical feedbacks.
International activities regarding the structural change of ecosystem by human
5.3.3
activities and local environmental change and greenhouse gases were described with a
special focus on the activities carried out under the auspices of IGBP.
5.3.4
Conversion of forests to pastures and arable lands increase atmospheric
concentrations of C0 2 and the other greenhouse gases, alter the radiation balance of
atmosphere and less heat loss to space. Agricultural ecosystems are part of terrestrial
ecosystems and hence can influence climate. Feedbacks of ecosystems to climate
include global environmental change.
5.3.5
Biogeochemical and biogeophysical aspects have been described. Land
surface characteristics and climate change include effects on land-surface parameters
and effects of land-surface changes on climate.
5.3.6
Feedbacks of agriculture to climate were described primarily in terms of
agricultural parameters related to climate, susceptible/vulnerable factors (which include
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modification of land surface conditions, changes in agricultural land, changes in the age
structure of forests, changes in the frequency of fires, insect outbreaks and other
disturbances, changes in ecosystem metabolism, air pollution and availability of
nutrients), greenhouse gas emission and uptake and mitigation measures.
5.3.7
Finally, Or Lee described regional efforts such as LUTEA (Land Use and Land
Cover in Temperate East Asia).
Or Sirotenko mentioned that this report was of interest as it dealt with both
5.3.8
general aspects and the problems faced. The report is quite comprehensive and if it is
completed it could serve as a good reference to all concerned. We should present
some facts and figures, which could strengthen the report, and we could base our work
on these facts and figures. Or Lee admitted that there were no specific details
presented in the report on the local scale effects. This is because the available
information is region-specific and it cannot be applied to another region. In a small
report, it would be difficult to deal with local scale effects.
Or Van Viet in his report on this issue dealt with mainly greenhouse gas
5.3.9
emission in agriculture and forestry and measures of mitigation in Vietnam. He referred
first to methodological issues and then presented some results of greenhouse gas
emissions calculated for agriculture and forestry.
5.3.10 Or Van Viet then described measures of mitigation in agriculture and forestry.
His report also included appendices on agricultural and forestry baselines in Vietnam
and the report for methane emission measurements from Rice Paddies in Vietnam.
5.3.11 Mitigation of greenhouse gas emissions in rice cultivation and livestock
production sectors could be facilitated through water management and intermittent
drainage of irrigated rice paddy fields, changing cropping pattern from two rice crops to
3 crop systems of rice-upland crops-rice, direct sowing of rice paddy, use of bio
fertilizers on field crops, rational feeding of livestock and use of biogas in rural areas.
5.3.12 Or Van Viet also presented a second report on the methane emission
measurements from rice paddies from Vietnam and presented data on the rate of
methane emission from rice.
5.4

Meteorological Aspects of Irrigation in the arid and semi-arid regions

5.4.1
Or Wang Shili explained that she is not familiar with arid and semi-arid regions
and hence she dealt with only the meteorological aspects of irrigation. The reports
consisted of six sections: introduction, water demand of agricultural production in Asia,
irrigation scheduling and meteorological information application, application of
modelling in irrigation scheduling, effects of climate change on water use efficiency and
irrigation and conclusions.
5.4.2
The characteristics of annual precipitation in Asia play an important role in
general lay out and structure of local agriculture in Asia and these were described with
suitable examples.
5.4.3
The importance of water-saving agriculture and rational irrigation was
described with appropriate statistics on population increase in Asia, frequency of
droughts and the need for supplemental irrigation.
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5.4.4
The determination of crop water requirements was explained using different
concepts such as evapotranspiration, reference evapotranspiration and FAO PenmanMonteith method and crop evapotranspiration.
5.4.5
Irrigation scheduling methods were described using approaches of plant-soilwater system, net irrigation and irrigation scheduling, FAO irrigation scheduling program
CROPWAT and agrometeorological information service in irrigation management.
5.4.6
The application of modelling in irrigation scheduling should take into account
water flow modelling in SPAC and crop modelling and these were described with
examples. Finally the effects of climate change on water efficiency and irrigation were
described.
Or Sirotenko commented that the report was comprehensive. He suggested
5.4. 7
that modern irrigation schemes should include large scale models that take into account
the description of different growth stages of crops. The strategy should be to maximise
the production while the other strategy is to minimize water use.
Or Oas complimented Dr Wang Shili on her report. He wanted to know if the
5.4.8
scheme proposed for supplemental irrigation is part of the agrometeorological service
system used in China and how the system is working. Or Shili replied that it is the
outcome of research carried out in China since the past three years. Information is
disseminated to the farmers through newspapers and bulletins.
5.4.9
Or Lee mentioned that it is very hard to identify case studies on the effect of
change in irrigation on climate change. We do not know how to integrate the small
effects in small areas to regional or global climate change. Fortunately other
international projects are under way to identify the effects on long term climate change.
5.4.1 0 Or Van Vi et asked if in the preparation of the report, the author had referred to
effective rainfall. Or Shili replied that it was mentioned and that it was computed
according to FAO method.

5.5

Progress in agricultural meteorology and combating desertification, a
topic of particular interest for the Region

5.5.1
Or Babushkin presented his report on the progress in agricultural meteorology
and combating desertification, a topic of particular interest for the Region. He reported
that agricultural meteorology in Uzbekistan is expanding its research in the areas of
irrigated and dryland crop cultivation, pastureland vegetation and assessment of the
effect of weather and climatic conditions on grazing stock. He summarized the work
carried out in Uzbekistan on these aspects.
Or Sirotenko mentioned that there are two types of deserts: man-made desert
5.5.2
and natural. If man-made desert has an effect on climate change, especially on deficit
rainfall, then a number of steps should be taken. For example, rainwater catchments
could be promoted. Or Babushkin replied that if anthropogenic activities leading to
desertification are to be referred to, it must be said that poor irrigation management has
led to desertification. Salinity can be controlled by appropriate management. There are
some works on the application of water resources and .their appropriate amelioration.
Some activities have been carried out to stabilize sand dunes.
Or Oas mentioned that agrometeorological factors in creating the utmost effect
5.5.3
on crop yields were referred to in the report. He asked if they were able to advise the
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farmer about the onset of extreme temperatures on cotton for example. Dr Babushkin
replied that advice is being provided in this area.

5.6

Advising the President of RA 11 on all matters concerning agricultural
meteorology, including desertification

5.6.1
Ms Noohi referred to the considerable amount of work being carried out in
various fields of agrometeorology. She informed the group that her report has been
prepared with specific recommendations for field applications.
5.6.2
The outline of the report has been prepared keeping in mind the major issues
in sustainable development in Asia. These include drought, desertification, water
harvesting and optimum use of water in the arid areas, crop yield forecasting and
climate change and agriculture.
In the area of drought, Ms Noohi reviewed the various definitions of drought,
5.6.3
drought monitoring, application of remote sensing in the monitoring of drought, effect of
ENSO on drought occurrence and effects of 1997/98 El Nino events in relation to
drought. Specific recommendations were then made on the issue relating to drought.
5.6.4
The section on land degradation in the report covered definitions, population
increase as one of the major factors affecting desertification, country experiences in
controlling the irregular use of firewood for fuel, UNCCD and the actions being
undertaken in Iran to combat desertification. The section includes specific
recommendations on the issue of desertification.
Ms Noohi discussed the issue of water harvesting and optimum use of water in
5.6.5
arid areas with reference to arid and desert areas, action programmes being
undertaken in countries in the field of water supply in arid regions, techniques for
increasing available water supply in the arid regions, use of brackish water,
underground water recharge and aquifer balance in Iran. Specific recommendations
were made to assist the decision-makers in the countries of Asia.
In the section on crop yield forecasting, details on existing and potential
5.6.6
methods in the region's countries and agrometeorological models were presented along
with examples of methods used in some developing countries of Asia.
5.6. 7
The final section on climate change and agriculture focussed on C02 and
methane emissions in the atmosphere, effects of agricultural practices on net emissions
of green house gases, strategies to quantify sources and sinks of greenhouse gases in
relation to agro-ecosystems, forestry and climate change and evaluation of the effects
of climate change on crop production. The section concludes with some results of
climate change studies in the countries in the region which should be noted.
One of the main problems raised by Ms Noori is water harvesting and flooding.
5.6.8
She mentioned that in fighting desertification in Iran, use should be made of the floods.
About 14 million ha of land is flooded and downstream of these areas there is water
shortage and overgrazing. Considering that the research had already started in this
area, this can also be considered as one of the activities of the working group.
In Agroforestry, it will be useful to look at rainwater catchment systems and the
5.6.9
potential for agroforestry here. This issue can also be studied from the standpoint of
drought.
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5.7

Priority list of activities in agricultural meteorology in RA 11

5.7.1
Dr. Dagvadorj from Mongolia presented his report on the priority list of
activities in agricultural meteorology. To the questionnaire distributed on this subject in
the region, only 12 countries responded.
5.7.2
Agrometeorological activities were identified under 8 major areas including
general agrometeorology, cropping, grassland vegetation, zoo-meteorology, forestry,
fisheries, pests and diseases and research. Priority activities under each of these
areas were listed.
5.7.3
This is a list of activities, but the priorities should be developed and a method
for prioritization should be developed and used.
5.7.4
Dr Sivakumar suggested that the members of the working group review the
questionnaire and suggest a list of priorities which Dr Dagvadorj could take into account
and summarize in his final report.
6.

Other issues

6.1
The chairman referred to the need to discuss the modus operandi for future.
There was a lengthy discussion on this earlier. There is the question of continuity and
the organization of the working group meeting as early as possible in the intersessional
period.
6.2
The subject of questionnaires needs to be reevaluated and other avenues of
obtaining information need to be explored. Dr Sivakumar mentioned that a list server
could be set up for the group and members could make use this as well as the agrometinternet discussion group on the e-mail. The chairman mentioned that design of
questionnaires and their analysis is itself a science and not every one can design an
effective questionnaire. He agreed with the suggestion made to make better use of
internet and e-mail.
6.3
Dr Lee mentioned that there are four years for each working group and in this
period new technology could become available. Hence the terms of reference should
make reference to these rapid changes. Most of the climate change issues are based
on scenarios rather than actual scientific predictions. We should be careful in dealing
with this kind of subjects.
7.

Preparation of the final report

7.1
The group was informed that the twelfth session of the Regional Association
would be held in September 2000 in Seoul, Republic of Korea and that two reports were
expected to be submitted under item 7.2 on the Agricultural Meteorology Programme.
These include:
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(i)

Report of the chairman of the Working Group
on Agricultural Meteorology

This brief report is to be prepared by the chairman himself and submitted to the
president of the Association, with a copy to WMO. The report could include
the following:
Activities of the Group prior to the session of the group in Tehran (4-6
September 1999).
Brief account of the meeting of the Group. This would be a summary of
the report prepared for the session in Tehran.
Any important activities carried out after this session.
Brief summaries of the various contributions made by the individual
members to the final technical report of the group
Recommendations (eg. reestablishment of the RA 11 Working Group on
Agricultural Meteorology with renewed terms of reference or
recommendations on follow-up activities on the XI-RA 11 Working Group
report).

(ii)

Final Technical Report of the Working Group

This would be the finalized version of the Technical Report of the Group
discussed during the session in T eh ran and prepared for submission to the
twelfth session of RA 11 and consideration for publication. This report should
include references (bibliography), conclusions and recommendations.
7.2
lt was agreed that the Secretariat should receive the original copies of the final
technical report with clear diagrams, photographs etc. ready for publication. The report
should be submitted as a hard copy, along with diskette (text in MS Word 6.0 along with
computer files of line diagrams, maps etc.,), in order to facilitate early publication.
7.3

The following timetable was adopted for submission of the final report:
(i)

(ii)

(iii)

All final reports from members to the chairman,
with a copy to the WMO Secretariat
Any significant changes proposed or comments by
chairman/WMO to be communicated to members
for their concurrence
Chairman to send the final report to the President of
the Regional Association, with a copy to WMO
(see paragraph 6.2 above)

31 March 2000

1 May 2000

1 June 2000

The chairman mentioned that each member of the group would be responsible
for his own rapporteurship and would present a complete report.

8.

Conclusions and Recommendations

8.1

Conclusions

8.1.1
The Working Group agreed that, although the draft contributions prepared by
individual members were generally good, a lot of revision was required. Efforts should
be made therefore to finalize them in accordance with the time-table agreed upon,
keeping in mind that the twelfth session of RA 11 will be held in September 2000.
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8.1.2
The Group concluded that agrometeorology is a very important area for
ensuring the sustainability and continued productivity of agriculture in Asia and that all
efforts should be made to encourage the members to place appropriate emphasis on
agrometeorological applications in the RA 11 region.
8.1.3
Modalities of functioning of the working group are most important to ensure an
effective output and these will be included in the recommendations that follow.
8.1.4
The group concluded that the various topics chosen for the intersessional
period are important areas for Asia, but in the recommendations for the future it is
important to assign appropriate priorities.

8.2

Recommendations

8.2.1
Efforts should be made to organize a meeting of the Working Group, mid-way
during the next intersessional period, to discuss the contents of interim reports
submitted by the members, identify the actions needed and the modalities for
preparation of the final report, and discuss the proposals for the next meeting of the
Regional Association.
8.2.2
Given the past experience with regard to the responses to questionnaires sent
out by the members of the group, it is important to make use of alternatives to
questionnaires such as list servers for the group and use of e-mail to seek information
from the agromet-internet discussion group established by WMO and FAO.
8.2.3
The Group recommends the reestablishment of a Working Group on
Agricultural Meteorology for RA 11 with renewed terms of reference which might include
the following:
To review and summarize the effects of climate change and climate variability
on agriculture, animal husbandry, forestry and fisheries (food aspects),
To promote the more active use of seasonal to inter-annual climate forecasts
for sustainable agriculture in Asia,
To review and evaluate the impacts of ENSO on agriculture, forestry and
fisheries in Asia,
To review and summarize the current understanding of the physical
mechanisms of droughts as well as the existing systems of drought monitoring
and prediction in Asia and suggest appropriate coping strategies for droughts,
To study the effect of deforestation on the severity of flood occurrence in the
region and suggest appropriate strategies to combat desertification,
To review and evaluate the socio-economic impacts of extreme climatic events
on agriculture, forestry and fisheries and the long term and short term remedial
measures to deal with them,
To review and summarize the status of applications of new methods such as
GIS, EIS and remote sensing in agrometeorology in Asia,
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To evaluate the current procedures for the provision of agrometeorological
advisories and services for farmers and end users and suggest the ways and
means to improve them.
9.

Closure of the session

9.1
In his closing remarks Dr Ali-Mohammed Noorian, Vice Minister of Roads and
Transportation and General Administrator of IRIMO hoped that the meeting was rich
and fruitful. Agrometeorology is one of the important fields in Asia since China, India,
Russia, Bangladesh all have large populations and they need improved
agrometeorological products. He congratulated the group for developing excellent
recommendations that can now be taken to the XII-RA I session. He hoped that the
efforts of the group would help the region. Dr Noorian asked the group to frame new
terms of reference for the working group for the next intersessional period and hoped
that they would be supported by the countries. He expressed his gratitude to the
Secretary-General of WMO for organizing this meeting and to every member of the
working group. He thanked the local secretariat and interpreters and all those behind
the scenes in the meeting. Dr Noorian expressed his thanks to Dr Kamali and hoped
that the trip to lsfahan on Monday would be fruitful and that the participants would take
memories with them. He wished all the participants a good trip back to their countries.
9.2
Dr Sivakumar thanked the Dr Ali-Mohammed Noorian, Vice Minister of Roads
and Transportation and General Administrator of IRIMO for hosting the session and for
keeping at the disposal of the Group all the necessary facilities. He thanked all the staff
of IRIMO who have in various ways contributed to the successful organization of the
meeting. He thanked the chairman and the members of the group for their contributions
to the successful completion of the meeting.
9.3
The chairman of the working group thanked the Secretary-General of WMO for
making it possible for the Working Group to meet. This has greatly facilitated the
preparation of the report. He thanked all the members for their contributions and
wished all the participants a safe journey to their various countries.
9.4
The meeting closed at 17.00 hrs on Sunday, 5 September 1999. On Monday,
6 September, a field trip was organized by IRIMO to lsfahan.
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OPENING REMARKS
Dr Ali-Mohammed Noorian
Vice-Minister of Roads and Transportation & General Administrator, Islamic
Republic of Iran Meteorological Organization (IRIMO)
and
the Permanent Representative of Islamic Republic of Iran with WMO and the
Second Vice-President of WMO

The Meeting of RA 11 Working Group on Agrometeorology was opened at 9.00
a.m. on 4 September 1999. Or Noorian welcomed all members of the Working Group
and WMO representative, who were attending the meeting.
He noted that more than 800 million people round the world were facing
shortage of food and starvation. In this view, he put much emphasis on the importance
of Agrometeorology and wished the meeting to prepare a comprehensive report on
adopted topics and submit it to RA 11 in due course.
In the meantime, Dr. Noorian stressed on the Res. 40 of Cg XII and latest
decisions of COP4 in Buenos Aires which was held in November 1998. He informed
that 80% of fresh water resources in the world are consumed for agricultural purposes.
In this regard, selection of best climate friendly species in each region would be highly
valuable.
Furthermore, he put an emphasis on close cooperation with UNESCO, UNEP,
IARCS,CGIAR and START.
Dr. Noorian. added that Iran such as other middle-east countries is located in
semi-arid latitudes and receives only 1/4 of global mean precipitation, so
agrometeorology plays an important role in national level as well.
He added that IRMO has established 18 Agrometeorological research centres
which are conducting research projects on 10 strategic yields.
Furthermore, IRIMO is earnestly engaged in the issuance of timely warnings to
protect farmers from floods, early freezing damage, pest and diseases, forest fire and
etc. In the meantime, he noted that RMTC Tehran is another centre which holds
training courses for agrometeorologist on regular basis.
He noted that the role of Working Group of Agrometeorology is very important
for the countries in RA 11 and hoped that the study and evaluation reports of the
sessions in order to submit to the Member countries.
At the end, Dr. Noorian wished every success for the meeting and Mr.
Sivakumar, in particular.
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OPENING REMARKS

M. V.K. Sivakumar
Chief, Agricultural Meteorology Divis;on
World Meteorological Organization

On behalf of the Secretary-General of WMO, Professor G.O.P. Obasi, I have
great pleasure in welcoming you all to this session of the Working Group on Agricultural
Meteorology of the Regional Association for Asia (RA 11). I seize the opportunity to
thank the authorities of the Islamic Republic of Iran Meteorological Organization
(IRIMO), in particular, Dr Ali -Mohammed Noorian, Vice Minister of Roads,
Transportation and General Administrator and Permanent Representative of the Islamic
Republic of Iran with WMO and Second Vice-President of WMO for agreeing to host
this session of the Working Group and for placing at our disposal the excellent facilities
of IRIMO, even at such a short notice. Mr Ardeshir Sardari, Director of International
Affairs Bureau had been most cooperative and ensured that all of us felt most
welcomed in Iran and I convey my thanks to him.
Dr G.A. Kamali, Chairman of the RA 11 Working Group on Agricultural
Meteorology has been very active in contacting all the members of the Group and in
liasing with the WMO Secretariat in organizing this meeting and I express my sincere
thanks to him.
We are indeed fortunate in meeting here in Iran which is described as the
cradle of culture and the garden of civilization. There are numerous artifacts in Iran
attesting to settled agriculture, permanent sun-dried- brick dwellings, and potterymaking from the sixth millennium B.C. By the fourth millennium BC, the inhabitants of
Susiana, the Elamites, were using semipictographic writing. King Jamshid was the first
to organize society in to four classes. The reign of Zoroaster, Gyrus the Great who
created the first world empire, Darius the Great, and the great Persian poets Omar
Khayam and Farideddin Attar all attest to the greatness of this ancient country. I hope
over the next three days, we will learn a lot more about this wonderful city of Teheran.
At its last session held in Ulaanbaatar, Mongolia, from 24 September to 3
October 1996, the Regional Association 11 agreed that agriculture is of great economic
importance to the countries in Asia, and that strategies should be developed and
adopted for maintaining sustainability in agriculture. Considering that adjustments in
management are required to cope with climate variability and climate change and that
drought continues to affect many countries in the Region, the Association agreed that
the activities of the Working Group on Agricultural Meteorology should be continued for
the benefit of the Region. Hence this Working Group was reestablished with renewed
terms of reference and Dr G.A. Kamali (Islamic Republic of Iran) was invited to serve as
chairman of the Working Group. The major issues to be addressed by the Group
included climate change and climate variability, effects of agriculture on climate,
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meteorological aspects of irrigation in arid and semi-arid regions and developments in
agricultural meteorology and desertification of particular interest to the Region.
In January 1998, Or Kamali designated rapporteurs/co-rapporteurs for climate
change and climate variability, adaptation strategies to cope with the impact of climate
change and climate variability, possible effects of agriculture on climate, meteorological
aspects of irrigation in the arid and semi-arid regions, developments in agricultural
meteorology and desertification of particular interest to the Region, advise to the
President of RAil on matters relating to agricultural meteorology including desertification
and establishing a priority list of activities in agricultural meteorology. As of June 1998,
the chairman received responses from two of the seven rapporteurs regarding their
work plans. A questionnaire designed by Dr H.P. Das (India), rapporteur on adaptation
strategies to cope with the impact of climate change and climate variability was sent to
all the Members in RA 11 in September 1998. Based on the responses to the
questionnaire, Or Das submitted his report to the chairman in August 1999. As
Mrs M. Munkhtsetseg of Mongolia who was appointed as a member of the working
group went to Japan on study leave, in April 1999 the Permanent Representative of
Mongolia with WMO and the President of RA 11 nominated Or Damdin Dagvadorj to
replace Mrs Munkhtsetseg. A specific questionnaire designed by Dr Dagvadorj on the
establishment of a priority list of activities in agricultural meteorology (including
desertification) in RA 11 was finalized and distributed to all the Members in RA 11 in June
1999.
The Association also agreed that training in agricultural meteorology should
receive high-priority consideration for the application of meteorological information to
agricultural activities and supported the continued organization of training events in the
region. In that connection, the Association urged the Secretary-General to continue the
programme of roving seminars, such as seminars on effective use of water for irrigation
held in China and Thailand, and to expand the programme of seminars to include other
topics such as extreme events. To address this recommendation, WMO organized a
number of training events.
•

•

•

•

A joint WMO/FAO/UNEP Roving Seminar on the Use of Meteorological
Data for the Effective Planning and Management of Water for Irrigated
Crop Production was held in Katmandu, Nepal from 3 to 14 February
1997.
WMO and the India Meteorological Department organized a Roving
Seminar on Agrometeorology related to Extreme Events from 28 April to
10 May at Pune, India. Twenty-five participants from different national
services, universities and institutes in India attended the Seminar.
WMO and the India Meteorological Department (IMD) organized a
workshop on "User Requirements for Agrometeorological Services" in
Pune, India from 10 to 14 November 1997. Twenty four participants from
15 countries and ten staff members from the IMD participated in the
workshop A copy of the Proceedings of this Workshop published recently
is on display for your reference.
A Roving Seminar on Crop-Yield Weather Modelling was held Seoul,
Republic of Korea from 12 to 23 October 1998.
Twenty three
participants drawn from the Korea Meteorological Administration; Rural
Development Administration, in particular its Farm Management Bureau,
the National Institute of Agricultural Science and Technology,
Horticultural Research Institute as well as National Crop Experiment
Station; Seoul National University and Kyung Hee University (Suwon)
attended the seminar in the Republic of Korea.
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•

•

•

A Roving Seminar on Instrumentation and Operation of Automatic
Weather Stations (AWS) for Applications in Agrometeorology was held at
the Arabian Gulf University in Bahrain from 24 October to 4 November
1998. Thirty-two participants from Bahrain, Qatar, Saudi Arabia and the
United Arab Emirates attended the seminar.
A Regional Training Workshop on the
Dissemination of
Agrometeorological Information for the RA 11 countries was held in Doha,
State of Qatar from 18 to 22 October 1998, in cooperation with the
Department of Civil Aviation and Meteorology of the State of Qatar.
Sixteen participants from China, India, Iran, Mongolia, Myanmar, Qatar,
Sri Lanka, Thailand, the United Arab Emirates and Vietnam attended the
Workshop. Proceedings of this workshop are under preparation and will
be published soon.
A Roving Seminar on Crop-Yield Weather Modelling was held in Pune,
India from 19 to 30 July 1999. Fifteen participants from the India
Meteorological Department, the Centre for Advanced Studies in
Agricultural Meteorology, Agricultural Universities, the Indian Institute of
Tropical Meteorology, the National Centre for Medium Range Weather
Forecasting and two meteorologists from the Department of Hydrology
and Meteorology of Nepal attended the seminar. A copy of the manual
of this roving seminar is on display for your reference.

Representatives from the RA 11 region also attended the International Workshop
on Agrometeorology in the 21st Century held in Accra, Ghana from 15 to 17 February
1999 in conjunction with the Twelfth Session of the Commission for Agricultural
Meteorology, also held in Accra from 18 to 26 February 1999. An informal meeting of
the members of this working group who were present in Accra was organized by Dr
Kamali to discuss the preparations for the present meeting.
One of the important tasks for us during this meeting is to review the draft
reports prepared by the members of the Group and discuss the modalities for the
preparation of the final report of this Working Group which will be presented by the
Chairman of this Working Group at the next meeting of the Regional Association which
will be held in the Republic of Korea in 2000. This Group should also make proposals
to the Regional Association regarding the re-establishment of this Working Group to
discuss and review new and emerging developments in the field of agrometeorology in
the region, taking into consideration recent environmental conventions including the
United Nations Framework Convention on Climate Change, the Convention on
Biological Diversity and the United Nations Convention to Combat Desertification, and
make recommendations on the future activities of the Group.
I do wish to bring to your attention one concern that many Members did not
respond to the questionnaires sent to them. I believe that to facilitate the work of the
rapporteurs, it is important to identify modalities other than questionnaires. I would like
to assure you that WMO Secretariat is ready to assist you in this process.
Reports of the Working Group on Agricultural Meteorology of the Regional
Association for Asia in the past have been well received and appreciated by
agrometeorologists and agriculturists. I am therefore confident that this Group also will
rise up to the expectations of the end users of our information. I hope that you will deal
with the above tasks and propose concrete suggestions for finalization of the draft
contributions. I wish you very successful deliberations.
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Possible effects of agriculture on climate (Nguyen Van Viet and
Byong-Lyo/ Lee)
Meteorological aspects of irrigation in arid and semi-arid regions
( Wang Shift)
Developments in agricultural meteorology and desertification of
particular interest to the Region (A.K. Abdulaev, K.M. Abdu/aev and
O.L. Babushkin)
Advising the president of RA 11 on all matters concerning agricultural
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Effects of climate change and climate variability on agriculture,
animal husbandry and forestry
0. D. Sirotenko and A. I. Strashnaya
A/1-Russian Research Institute of Agricultural Meteorology
Hydrometeorlogical Science-Research Russian Centre
Federal Service of Russia for Hydrometeorology and Environmental Monitoring

1.

Introduction

The main purpose of this review is to present a general pattern of the presentday status of studies of climate change impacts on agriculture and forestry. At present
the most thorough and authoritative collected data on this problem are IPCC
publications and, Working Group IIPCC Report (IPCC, 1995)*, in particular. Therefore
this report is based mainly on papers published in recent years (after 1995) and not
included in IPCC Report. In some cases, earlier publications were taken not reflected
in IPCC materials for a variety of reasons. At present some new IPCC materials are
available (IPCC, 1996, 1998)
Now the initial stage of studies on the problem under consideration has been
completed. Except for a small number of "white spots", the expected climate change
impacts on agriculture and forestry have been assessed for all continents, including
Asia. Quite a number of studies have been performed for the North America, West
Europe, Russia, China, India and Japan territories. Results were generalized by IPCC
for both individual regions and the world as a whole that is considered to be a progress.
However, the analyzed data show that as a result of different techniques and scenarios
applied, the spread in values remains prohibitively great. So, the estimates of expected
crop variations for the South Asia territory, for example, vary from -22 to +28% for rice,
from -64 to -10% for maize, from -61 to 67% for wheat. All estimates of agriculture
lost as a result of climate change are supposed to be much overestimated because of
no account of its adaptation potential (Schimmelpfennig et al., 1996; Darwin et al.,
1995; Sirotenko et al., 1998).
The second stage of studies aimed at verifying previous estimates is initiated.
Naturally, the problems of developing methodologies to investigate and to improve
prognostic scenarios are of primary concern.
This report seeks to generalize activities of this last period following the adoption
of the UN Convention on Climate Change.
As an example, reference is made to the recent publications of an English
research group headed by M. Parry (Parry, Arnel, Hulme, Martens, Nieholls and White,
1999). In these studies, the timelag between the publication of climate change
scenarios and that of the impact assessments that use these scenarios was reduced
from about three years to six months. This was made possible by establishing the
IPCC's Data Distribution Centre in 1998. The studies have shown that the world food
prices and the risk of hunger increase under all scenarios of climate change. In
addition, these impact assessments confirm the conclusion of previous studies that,
generally speaking, the most severe negative effects of climate change occur in less
developed countries. This is partially the result of the geographical pattern of expected
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climate change, and -also due to the lower adaptation potential characteristic of
developing countries.
The recent publications (Parry, Rosenzweig, lglesies, Fisher and Livermore,
1999) confirm also that the main reasons of a large scatter in the impact assessments
of climate change on agriculture are as follows:
The uncertainties about climate change at the regional level.
The effects of future technological change on agricultural productivity.
The potential realization of any benefits from the C02 "fertilisation effect"
Uncertainties about water availability for irrigation in the future.
Trends in demand (including population growth), and the wide array of possible
adaptations.

2.

Methodology of comprehensive assessment of consequences of global
greenhouse effect on agriculture and forestry

2.1

Choice of climate change scenarios and nonclimatic factors

Three-dimensional general circulation models (GCM) are the principal means to
obtain climate change scenarios. Most of modern GCMs assure space resolution from
250 to 1000 km that is insignificant to allow for local peculiarities of the Earth's land.
Possible increase of space resolution of scenarios are considered. Problems are
discussed associated with the application of new transitive scenarios of climate change
that allows the dynamics of ecosystem conditions to be considered for many years. lt is
noted that GCM scenarios do not guarantee the total set of meteorological parameters
necessary to calculate agroecosystem productivity from dynamic models. Attention is
given to the consequences of the lack of information on air moisture variations as well
as data on expected daily temperature variations. The latter is very important in
assessing such agroclimatic indices as recurrence of frosts and extreme high
temperatures.
A few words are made concerning the scenarios of nonclimatic factor variations.
Data on the expected C02 dynamics are more or less reliable, however, papers on
forecasting variations of surface ozone concentration and penetrating UV-B radiation
are practically lacking. The need for simulation of the long-term dynamics of soil
organics as an index specifying stability of both agroecosystems and natural
ecosystems is the point under consideration.

2.2

Methods for considering impacts of climate changes and variations on
agriculture and forestry
These methods are being developed to solve the following problems:
a)
Assemssment of expected space redistribution of areal growing of
some crops, forest and pasture ecosystems.
b)
Assessment of productivity of crops, plantations and forest ecosystems.
c)
Risk assessment of large crop failure as a result of extreme climate
phenomena (droughts, overmoistening, etc.).
d)
Assessment of long-term sustainability of agriculture and forestry.

Methods for solving first two problems are developed to the full. These are
classical methods of agroclimatology and physical geography, empirical-statistical
approach and methods of simulation modelling. The advantages and limitations of
each approach are analyzed. lt is emphasized that agroclimatic methods by no means
became out of date and, on the contrary, simulation models have certain limitations,
especially, when solving problems with allowance for adaptation (Baker, 1996; Boote et
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al.1995). Approaches to solution of the third and the fourth problems as most poorly
developed, but rather important, here are treated separately.
Difficulties are analyzed associated with the consideration of agricultural
adaptation to changing climate conditions that result in the situation "shooting at the
moving target''. By way of particular examples, it is shown that substantiated forecasts
require comprehensive consideration of variations in all-important environmental factors
i.e. climatic parameters, C02 content, ozone contamination and, especially, degradation
and/or reduction of soil fertility.
Nevertheless, much emphasis should be given to the primary causes of
decreases in simulated yields:
Shortening of growing period. Higher temperatures during growing season
speed annual crops through their development (especially grain-filling stage),
allowing less grain to be produced. This occurs at all sites except those with the
coolest growing-season temperatures in Canada and Russia.
Decrease in water availability. This is due to a combination of increases in
evapotranspiration rates in the warmer climate, enhanced losses of soil moisture
and, in some cases, a projected decrease in precipitation in the climate change
scenarios.
Poor vernalization. Vernalization is the requirement of some temperate cereal
crops, e.g. winter wheat, for a period of low winter temperatures to initiate or
accelerate the flowering process. Low vernalization results in low flower bud
initiation and ultimately reduced yields. Decreases in winter wheat yields at
some sites in Canada and the former USSR are due to lack of vernalization.

3.

Comparative analysis of estimates of climate change impacts on
agriculture and forestry in Asia and other regions

This section analyses a comparatively small number of works of a global or, at
least, continental scale. Unlike local studies, they allow to obtain comparative
estimates for various countries and world regions thanks to a single methodology. So,
using dynamic models Rosenzweig and lglesias (1994) and Rosenzweig and Parry
( 1994) have assessed the expected crop yield variations for 112 sites in 18 countries
for wheat, rice and soy-bean to the moment of C02 content doubling. Estimates of
climate change impacts with allowance for C02 effects for GISS, GFDL and OKMO
scenarios are equal to 11.3, 5.2 and -3.6%, respectively. These estimates are for
developed countries. For developing countries these values are more consistent, i.e. 11, -9.2 and -10.9%. We present also the estimated variations in cereal crop
productivity by 2060 in the world and two regions of Asia.

Region
Geobal
Central and Southeast Asia
South West Asia

Scenarios
GISS(%)
-1' 2
-6,0
-9,8

GFDL(%)

-2,8
-3,9
-14,3

UKMO(%)

-7,6
-11' 8
-11, 2

As follows from these data, decreases in the cereal yield in Asia will exceed the
world average level.
According to the recent papers (Parry et al., 1999), the global effect of expected
climate change under Hadley Centre scenarios seems to be the following. Changes in
cereal production, cereal prices, and people at risk of hunger estimated for the HadCM2
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climate change scenarios (with the direct C0 2 effects taken into account) show that
world is generally able to feed itself in the next millennium. Only a small detrimental
effect is observed on cereal production, manifested as a shortfall in the reference
production level of around 100 mmt (-2.1%) by the 2080s (10 mmt depending on which
HadCM2 climate simulation is selected). In comparison, HadCMC03 produces a
greater disparity between the reference and climate change scenario - a reduction of
more than 160 mmt (--4%) by the 2080s).
Reduced production leads to increases in prices. Under the HadCM2 scenarios
cereal prices increase by as much as 17% (+_4.5%) by the 2080s. The greater
negative impacts on yields projected under HadCM3 are carried through the economic
system with prices estimated to increase by about 45% by the 2080s. In turn there
production and price changes are likely to affect the number of people with insufficient
resources to purchase adequate amounts of food. Estimation based upon dynamic
simulations by the BLS show that the number of people at risk of hunger increases,
resulting in an estimated additional 90 million people in this condition due to climate
change (above the reference case of- 250 million) by 2080s. The HadCM3 results are
again more extreme, falling outside the HadCM2 range with an estimated 125+ million
additional people at risk of hunger by the 2080s.
Maps of plant community redistribution obtained with the help of a Mapped
Atmosphere-Plant Soil System (MAPSS) model (Neilson et al., 1994) seem to be rather
informative to characterize the expected change: in forestry and pasture livestock.
Maps obtained by these and other authors (Sirotenko et al., 1998) evidence the
expected radical decrease of the tundra area, an abrupt increase of areas under boreal
and temperate forests. The area of tropical forests in Asia seems to change
insignificantly.
Recent assessments of climate change impact on forest (White et al., 1999) are
as follows. Global vegetation carbon was predicted to rise from about 600 to PgC (or to
650 PgC for HadCM3) while the soil carbon pool of about 1100 PgC decreased by
about 8%. By the 2080s, climate change caused a partial loss of Amazonian rainforest,
C4 grasslands and temperate forest in areas of southern Europe and eastern USA, but
an expansion in the boreal forest, area. These changes were accompanied by a
decrease in net primary productivity (NPP) of vegetation in many tropical areas,
southern European, eastern USA (in response to a warming and a decrease in rainfall),
but an increase in NPP of boreal forests. Global NPP increased from 45 to 50 PgC y-1
in the 1990s to about 65 PgC y- 1 in the 2080s (about 58 PgC y- 1 for HadCM3). Global
net ecosystem productivity (NEP) increased from about 1.3 PgC y- 1 in the 1990s to
about 3.6 PgC y"1 in the 2080s and then declined to zero by 2100 owing to a loss of
carbon from declining forests in the tropics and at warm temperate latitudes - despite
strengthening of the carbon sink at northern high latitudes. HadCM3 gave a more
erratic temporal evolution of NEP than HadCM2, with a dramatic collapse in NEP in the
2050s. Here the UK Hadley Centre's climate scenarios (HadCM2 and HadCM3) were
used for the period 1860 to 2100, with a dramatic collapse in NEP in the 2050s. Here
the UK Hadley Centre's climate scenarios (HadCM2 and HadCM3) were used for the
period 1860 to 2100, with 1892a greenhouse gas foreing. Both scenarios predict a
significant decrease in NPP in the south and south-east Asia and a corresponding
increase in NPP in the Asian territory of Russia for the period 1990 to 2080.
Livestock production may be affected by changes in grain prices and rangeland
and pasture productivity. In general, analyses indicate that intensively managed
livestock systems have more potential for adaptation than crop systems. This may not
be the case in pastoral systems, where the rate of technology adaptation is slow and
changes in technology are viewed as risky.
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4. Results of local studies
Russia
When generalizing results of numerous studies, it is concluded that global
warming will result in a significant potential rise of the agrarian sector of economy in
Russia which may be the largest world producer of grain. However, it is possible only in
case of achievement of the present-day West Europe technological level of agriculture
and its cardinal adaptation to new climate conditions (displacement of production to the
north in the nonchernozem zone) (Sirotenko et al., 1998)
Results of analyzing sensitivity of the present-day agriculture to climate and
other variations presented in Table 1 show that simultaneous C02increase (+15%) may
compensate for negative climate change induced effects (-15% for cereal crops).
However, increased atmospheric contamination with ozone (-9%) and other pollutants
as well as soil dehumidification make this possibility rather problematic. At the same
time, the present-day technological level achieved by Russian agriculture could
increase its productivity by about 120%. A combined effect of all considered factors
allows to conclude that cereal productivity will drop by 26% if the technology is not
changed and it will grow by 67% in case the technological lagging is overcome (two last
lines in Table 1).

Table 1. The grain crop and fodder production response (changes in o/o of the
present-day level) for the entire Russia to possible changes in the environment
by the year 2080
Possible environmental changes
Climate change (GFDL)
C02 increase
Ozone increase
Soil degradation
Optimized soil conditions
Changes of two factors
Climate changes and C02 increase
Climate change and soil degradation
Soil degradation and C02 increase
Changes of three factors
Climate change, ozone concentration increase and soil
degradation
Climate change, C02 and ozone increase
Changes of four factors
Climate change, C02, ozone increase and soil
degradation
Climate change, C02, ozone increase and optimized soil
conditions

Grain

Fodder

-15
+15
-9
-13
+119

-3
+13
-6
-8
+99

-2
-27
0

+9
-14
+3

-35

-21

-12

0

-26

-9

+67

+136

Note: The C0 2 increase means its 20% rise, the surface air ozone increase its 30% rise.
The soil degradation here means a 20% decrease in Humus budget.
Physico-geographical zonality of Russia will change significantly as a result of
warming (Table 2). Tundra and Taiga area will be sharply reduced (by 4.4 and 1.4 mln
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km2). The areas of leaf-bearing forests and steppe will increase much (by 4.1 and 1.1.
m in km 2 , respectively). The arable zone of Russia should increase by 1.5 times.
Bioclimatic potential of the country estimated from primary productivity will grow, on an
average, by 30% with no account of C0 2 increase, Warming will also result in a cardinal
improvement of wintering conditions for agricultural crops (Sirotenko, Abashina and
Pavlova 1997).
Table 2. Areas (5, thous. Km 2 ) of principal types of plant cover in Russia in global
warming and their variations f). 5) as compared to the present-day climate
Present-day
Plant cove

climate

ccc

GFDL

5

5

1).5

5

1).5

Tundra

5355

1584

-3771

917

-4438

Taiga

8898

6384

-2514

7459

-1440

Leaf-bearing forest

1343

5087

3744

5488

4145

45

45

65

65

Subtropics forest
Steppe, wooded steppe

1232

3487

2255

2364

1132

Mountain steppe

650

206

-444

434

-216

Dry steppe

275

19

-256

97

-178

Savanna

750

750

607

607

Desert

190

190

320

320

Most estimates recognize the global warming effect on Russian forests as
positive. All specialists forecast a significant shift of forests to the north and an increase
of their productivity. The question about climate warming impacts on forest degradation
remains open (Aiferov et al., 1998).
China
A record number of works with assessing climate change jmpacts on agriculture,
forestry and pasture livestock has been performed for the Territory of China. The
difference in obtained values makes their generalization difficult. So, rise in productivity
of primary ecosystems by 36.4% and forests ecosystems by 7.7% is forecasted for the
North East China (Xu et al., 1996). Simultaneously, by reason of limited irrigation
resources, the development of agriculture in global warming faces serious difficulties
(Erda Lin, 1996). Calculations from a CERES Model have shown that the period of
wheat maturation will shorten and the crop yield will drop at expected temperature rise,
but this will improve the conditions of winter crop development, therefore it is difficult to
assess the net impact of warming on a cereal crop yield in China ( Gao et al.1996)
According to the expert group's opinion headed by A.Markham, in a temperature
rise by 2-3 degrees, the steppes in vast territories of China will change to deserts.
Large areas of fertile soils at plains in the east of a country will be flooded. These
climate variations will reduce radically (possibly by half) the yield of rice, wheat,
soybean and sorgum. However, in a joint report of Chinese and English specialists
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(Hulme et al., 1992) the future seems to be not so gloomy. lt is noted that redistribution
of lands under cropping systems but not variations in the yield of isolated crops is
considered to be more important. Areas with cultivating only one crop will decrease
twice, simultaneously, the percentage area with 3 yields per year will increase from 13
to 36% that will cause a significant rise in total productivity.
The inner Mongolia pasture sensitivity to climate and C02 content changes were
studied with the help of a CENTURY model. Expected air temperature and precipitation
changes will much affect the steppe productivity (Xino et al., 1995).
India, Bangladesh

The effect of temperature rise and C02 concentration increase on wheat crops
has been studied using a WTGROWS model. At a temperature rise by I degree, the
effect is insignificant.
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1.

Strategies to cope with the impacts of climate change and variability
on agriculture - An Overview

1.1

Introduction

The risk associated with the climate change lie in the interactions of several
systems with many variables that must be collectively considered. Agriculture
(including crop agriculture, animal husbandry, forestry and fisheries) can be defined as
one of the systems, and climate the other.
Agriculture is universally recognized to be totally dependent on weather and
climate. Despite great efforts by climatologists considerable uncertainty still persists
about the impact of climate change on cultivation. Though little is known as to how,
when, where and to what extent climate change will occur; one incontestable fact that
remains is the rising concentration of carbon dioxide (C0 2) in the earth's atmosphere.
Another additional certainty is the soundness of the basic greenhouse theory: the
composition of the gas mix in the atmosphere strongly affects the planet's temperature.
If the model scenarios are realistic, correctly reflecting future realities, an increase in
greenhouse gases may have serious consequences for agriculture and in particular for
the regional food security in some regions (Ruttan, 1994). This security is already
strained by increased demand of burgeoning population and intensification of resource
use, and by an increase in per capita consumption of agricultural products
(Rosenzweig and Parry, 1994). There is no controversy that growth in agriculture must
keep pace with the rate of growth of human population which is expected to reach
10,000 million in the 21st century. Since the timing, spatial pattern and magnitude of
climate change are uncertain; policy-makers face a dilemma as to what remedial
measures, if any, should be taken to face the ill-effects of future climate change. No
doubt, some of the preventive and mitigation measures could have enormous
economic and perhaps social costs, particularly in relation to energy use. But these
costs could even be larger; if uncertainties are not timely resolved.

1.2

Sustainability of agriculture

World agriculture today is based on a very limited number of crop species that
have been domesticated from among the millions that have existed at one time or
another. (Wilson, 1989). Serious climatic changes could conceivably lead to the
extinction of wild races of the main cultivated species (e.g. potatoes, maize and others)
that can be used to strengthen current cultivars against pests and to improve
resistance to climatic stresses. Species whose potential uses for food or commercial
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crops are not yet recognized could also disappear if their habitat is destroyed or climate
changes occur too rapidly for migration {Wilson, 1989).
Rising global population and increased income is likely to generate a severalfold increase in demand for food and fibre by the middle of the next century. At the
same time the lands and fresh water resources available for expansion of agriculture
may be of lower quality than those currently in use (Crosson and Rosenberg, 1989).
Virtually all of the increase in agricultural output, therefore, will have to come from
technological advances that increase the yield of agricultural output per unit of land and
water.
lt is reasonable to conclude that the sustainability of agriculture depends on
maintaining the availability and quality of the natural resource base that supports
agriculture currently and that will be needed to support it in the future. This requires
that the resources be managed so as to reduce disruption from all causes including
unfavourable weather and possible climate change. The changes in weather and
climate because of global warming may require higher levels of resource surveillance
and management than are applied today and/or the development of new adaptation
techniques and strategies for agriculture in the face of changing climate and resources.
To understand what kinds of adaptations could be needed, however, requires
information, on the nature of future climate and other changes and their impacts. Much
has not been known about the specific regional climate changes that may occur in the
future because of greenhouse warming. Hence their impacts on agriculture at this
stage can only be conjectural at best. Human history is, however, replete with
examples of successful agricultural adaptation to stressful climatic conditions and these
can provide general guidance on how best to approach adaptation {Rosenberg, 1982).
Additionally, there are lessons to be learned from human adjustment to hazards of all
sorts {Jodha, 1989).

1.3

Environmental factors and agricultural production

Agriculture is today, as it has always been, vulnerable to losses caused by
unfavorable weather events and climatic conditions. Often the linkages between
weather and production losses are obvious - drought shrivelled wheat, flooded
cornfields, soybean plants blown over by wind, bony animals wandering aimlessly over
parched lands. Sometimes, however, the linkages are subtler and less direct. For
example, temperature and humidity conditions can combine to initiate the outbreak of
devastating plant diseases. The insect outbreaks are controlled by climatic conditions.
For example, grasshopper populations grow during warm dry periods. One reason is
that a particular fungus that preys on the grasshoppers needs moist conditions for
spore germination and infection {Capinera and Harton, 1989). The vulnerability of
agriculture to unfavourable climatic conditions has been demonstrated over and again.
The drought that began in Sahelian Africa in the late 1960's and continues on and off
since then, has contributed to widespread malnutrition and displacement of populations.
The drought has also exacerbated the problems caused by overgrazing and is thought
to have contributed to the desertification reported in the region {UNEP, 1986). These
examples are not meant as illustrations of problems caused by climate change. Rather,
they are intended to show some of the many ways in which natural swings in climate
can upset established farming and grazing patterns and disrupt the economies and
societies that depend on them. There is new better understanding of anthropogenic
factors that have caused climate variability and change over the past century and likely
changes in climate and its variability during the 21 51 century {Salinger, 1994; Salinger et
al., 1997; Sivakumar, 1997: Salinger et al., 1999a).
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There are many ways in which climate could possibly change to the direct
detriment of agriculture.
Warming of the troposphere because of increasing
atmospheric concentrations of C02 , CH4 , N20, and the CFCs - the greenhouse effect might, per se, be among the least worrisome. Of greater concern might be the possible
effects of greenhouse warming on climatic patterns, especially the distribution of
precipitation. The changing distributions of temperature and rainfall are the most
important climatic factors affecting agriculture. Since the magnitudes and even the
directions of these changes for individual factors in different regions are uncertain,
analyses of the associated effects on world agriculture are highly speculative.
Predicted changes of agricultural production must be interpreted as conditional on the
specified changes in the spatial patterns of temperature and rainfall as well as the
specified changes over time. lt is important to acknowledge the obvious fact that the
production of cereal grains and all other crop depends not only on climate but also on a
natural resource base of soil, water and genetic resources. These may also be directly
or indirectly affected by climate change as well as by human intervention unrelated to
climate or climate change.
The present perception is that human activities do affect climate, one of the
components of the environment. Climate in turn affects agriculture, the source of all
food consumed by human beings and domestic animals. With possible climate
change, human societies and agriculture could develop trends and constraints of their
own which climate change impact, studies must take into consideration.

1.4

Adaptation of agriculture to climate change

There are three stages in the adaptation of agriculture to a change in climate,
and at each stage there are questions of how effective adaptation will be. The first
stage is to determine whether new cultivars, crops and management practices can be
developed that can thrive under the new conditions. Plant breeders and crop scientists
in the U.S.A. seem to be relatively confident that viable options can be developed
successfully given the magnitudes of changes in climate that are anticipated and the
expectation that the changes will be gradual rather than abrupt.
The second stage in adaptation is whether farmers will adopt the new cultivars
or management practices. In market economies, this step is governed by economic
forces. In the simplest terms, it is necessary that new options be economically
attractive for changes to occur. The uncertainty faced by farmers about yields and
prices is also an important factor that affects these decisions.
A major limitation of many existing models of agricultural production is that the
effects of weather variables are not explicitly represented. A series of steps is needed
in research to develop appropriate models of agricultural production (Mount, 1992). A
more realistic analytical approach has been developed by Kaiser et al., (1992) by
linking a model that generates weather patterns to crop yield/soil models to a
management decision model. For a given region, this framework makes it possible to
focus on adaptability over time, responses by farmers to variability of yield as well as
changes in average yields, and the adoption of new crops and cultivars. The important
point is that results are conditional on explicit specifications about climate and soil
characteristics.
The third stage in the adaptation of agriculture to climate change is the most
important from an economic point of view. lt is the response of markets to changes in
supply. Stage two deals with how farmers respond, which has a major effect on the
supply of agricultural products. In stage three, if one crop is in short supply, the price of
the crop will tend to increase relative to other prices. This, in turn, will encourage
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consumers to switch to substitute crops that are cheaper and encourage distributors to
import more of the crop from other countries. Higher prices will tend to stimulate higher
levels of production in the future. In general, markets provide a self-regulating feedback
mechanism for farmers, and help adaptation to occur smoothly. In this way, market
systems can adapt in an active way although such adjustments may be hampered
through interventions by governments (Lewandrowski and Brazee, 1992).
little research has been published on the effects of climate change on
agriculture in subsistence economies. Results from Rosensweig et al., (1992) suggest
that climate change may have greater adverse effects on countries in low latitudes than
in mid and high latitudes. lt follows that the income differentials between rich and poor
countries could be increased. In most industrialized countries, agriculture is a relatively
small part of the total economy and access to international markets makes it feasible to
use trade to offset shortages in domestic production of agricultural products. This is not
possible in subsistence economies because income levels are too low to buy enough
through trade, and access to markets is limited and expensive due to inadequate
infrastructure. To illustrate the importance of this point, Risensweig et al., (1992) found
that climate change increases the number of people at risk from hunger in all scenarios.
The tentative conclusion is that rich countries can adapt to climate change, but this type
of adaptation is less likely to happen in poor countries.

1.5

Adaptation options

Adaptation offers a means to reduce the possible impacts of future climate
change. Measures to adjust to climate change should be taken both on an individual
level and by society as a whole. The search for more resilient crops should be
intensified, for example, vulnerable coastlines be defended by sea walls, and improved
weather forecasts may permit better preparation for extreme weather events. On an
individual level, farmers may change crops or adjust planting dates, households will
increase their demand for air conditioning, people may stop building in or move away
from flood plains (IPCC, 1996a).
Adaptation options have two purposes:
(i)
(ii)

To reduce the damages from climate change;
To increase the resilience of societies and ecosystem to those aspects
of climate change that cannot be avoided.

Adaptation measures are unmistakably interlinked with mitigation measures.
The more one succeeds in limiting climate change, the easier it becomes to adapt to it.
Three types of adaptation measures are commonly distinguished: protection, retreat,
and accommodation.
In an agricultural case study of Missouri-Iowa-Nebraska-Kansas (MINK) region,
Easterling et al. (1993) found that low-cost adaptation measures, like earlier planting or
increased irrigation, could succeed in reducing agricultural damages to the region by
3% or more. A comparable range was found by Rosensweig et al. (1993) and Reilly et
al. (1994) using the same yield data. In the Rosensweig et al. study a change of -1.2 to
-7.6% in worldwide cereal production without adaptation is found to get reduced to 0 to
-5.0 % with moderate farm-level adaptation and +1.0 to -2.5 % with a more
comprehensive managerial adjustment. As a consequence, the global welfare loss
reduced from -$61.2 billion without adaptation to +$7.0 to$ 3 7.6 billion in the case of a
moderate response (Reilly et al., 1994).
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Adaptation in various degrees and in some form or other may be necessary to
cope with ecosystem changes that have interfaces with human (economic, social,
political, legal and cultural) activities. Changes in temperature and associated rainfall
regimes may lead to more droughts in some localities and heavier rainfall in others,
thus affecting worldwide surface and groundwater availability, which in turn will affect
agronomic practices and agriculture yields. Fisheries and forestry will be also affected
by changes in temperature and the availability and quality of water (e.g., salinity).
Temperature rise may also affect livestock populations and output through heat stress
and climate-related influences on infestations of parasites, insects, and disease.
Thus, agriculture faces a particularly curious dilemma: should it begin adapting
at potentially high cost to uncertain climatic changes while seeking the resolution of the
scientific issues concerning the magnitude of climate change and its impacts on
agriculture or choose the "business-as-usual" principle and run the risk of leaving future
generations unprepared when changes materialize? Although clear-cut answers might
not be available for at least the next decade or so, improving scientific knowledge on
the agronomic and ecological effects of any climate change, both adverse and positive,
and on the ability of humans and ecosystems to adapt, might reduce the uncertainty
and help formulate a tangible policy (Fajer and Bazzaz, 1992). Furthermore, whatever
policies are adopted should be subject to frequent reassessment and must be flexible
enough to accommodate change dictated by the availability of new knowledge and
experience.
A further issue is how do climate change impacts on agricultural production fit
within the other pressing challenges facing agriculture in different regions of the world.
Is climate change a minor threat, likely to be undetected among the many changes that
will reshape the agricultural sectors of the world's economies? Or is it another critical
challenge to an agricultural sector straining to cope with a growing population, resource
degradation, tighter constraints on available resources and exhaustion of technological
capabilities to expand production using existing land and water resources? These
questions need to be addressed in any climatic change scenario.

1.6

Range of policy option

In agriculture various types of technical responses are available. These include
changes in farming strategies and crop management as well as changes in crop variety,
irrigation, fertilizer, and drainage. Some salt-tolerant crops can be very successfully
grown along the shoreline of coastal deserts when irrigated with ocean water.
Given our still limited understanding of climate change, extending the range of
policy options rather than refining technical responses seems to be the most logical
approach at the moment. The following options deserve special attention (IPCC,
1996b):
•

•

•

Capacity building, in both industrialized and developing countries, to educate
people in the former about the effects of their activities on carbon-trapping
biota and people in the latter about responses to the effects of natural
climatic variability and of potential future climate changes.
Changes in land-use pattern, including developing the potential of tropical
plant species. Since most of the world's plant food comes from only 20
species, the potential of the vast majority of plant species is still to be
developed.
Improvements in food securities policies and reduction of post-harvest
losses. Given that post-harvest losses- due to defective systems of storage
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•

•

1.7

and transport-amount, in many developing countries to as high as 50 % of
production, or even more, major scope for improvement does seem to exist.
Conversion to "controlled environment agriculture". Massive introduction of
integrated "controlled environment agriculture" in developing countries might
easily require an investment of several tens of billion of dollars
Aquaculture climate change affects ocean circulation in the upper layers,
upwelling, and ice extent, all of which affect marine biological production and,
hence, marine fisheries. One way to adapt is to intensify efforts to develop
aquaculture.
Integrating aquaculture with "controlled environment
agriculture" has a great potential, given recent dramatic advances in marine
biotechnology. The most sterile, nutrient-rich bottom water from Ocean
Thermal Energy Conversion (OTEC) systems holds considerable promise as
a culture medium for kelp, abalone, and a range of fish species.

Adaptation measures in developing countries

In developing countries, as elsewhere, adaptation depends on the type and
intensity of the impacts of climate change that may occur. Depending on the impacts,
adaptation may be applied immediately or may be delayed. In the case of African
countries, however, no real adaptation studies have yet been carried out. Current
bilateral and multilateral activities are expected to lead to a more systematic
assessment of adaptation options and their costs (IPCC, 1996b}.
The quest for adaptation options, however, already existed long before the
global debate on climate change began. Countries in arid and semi-arid zones have
tried to find long- and short-term responses to recurrent droughts since 1970s, while
countries in heavy rainfall regions and those affected by storms and cyclones in their
coastal areas have tried to find both structural (engineering) and non-structural
(institutional) means for dealing with recurrent floods.
Short-term responses to recurrent droughts include improvements in drought
preparedness and focus primarily on drought relief and drought recovery activities.
Drought relief typically includes supplementary food programmes and programmes to
protect and replenish livestock. Drought recovery entails such activities as the
provision of seed and land preparation supplements to farmers after a period of drought.
Unfortunately, even for these short-term responses, no systematic studies have been
carried out.
Long-term measures include regional and national research efforts to develop
drought resistant crops and breed hardy livestock. The incorporation of drought and
salt resistance in crop varieties is thus already a major item on the research agenda in
some developing countries. Further activities particularly those strengthening research
capacity and financial support for research, are necessary and will almost certainly
prove to be cost-effective. In areas where water resource management will become
crucial because of large changes in rainfall regimes, an improved and more
environmentally sound infrastructure will be necessary, while policies encouraging
water conservation (e.g., pricing mechanisms in which prices reflect social scarcity) will
need to be introduced.
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2.

Land degradation and desertification in relation to climate change
and adaptation strategies

2.1

Introduction

Land degradation, which reduces the physical, chemical or biological quality of
land and lowers its productive capacity, is already posing a major agricultural problem
in many countries. Current general circulation models (GCMs) project that in some
regions, climate change will increase drought and in some areas result in rainfall of
higher intensity. This could increase the potential for land degradation, including loss of
organic matter and nutrients, weakening of soil structure, decline in soil stability, and
increase in soil erosion and salinization. Areas, which would experience increased
rainfall and enhanced soil moisture, will definitely benefit from the opportunities for more
flexible use. However, they may experience stronger leaching, leading to increased
acidification and loss of nutrients. In appropriate situations, additions of fertilizers or
conservation management policies could correct these deficiencies.
Desertification, as defined by the United Nations Convention to Combat
Desertification, is land degradation in arid, semi-arid, and dry sub-humid areas resulting
from various factors, including climatic variations and human activities. Droughts may
trigger or accelerate desertification by reducing the growth of important plant species.
Grazing can strip the land of its vegetative cover under these conditions. However, the
amount of precipitation needed to sustained growth varies with the temperature, water
holding capacity, and the species. Desertification is more likely to become irreversible if
the environment becomes drier and the soil becomes further degraded through erosion
and compaction. Adaptation to drought and desertification may rely on the development
on diversified production systems, such as agroforestry techniques and ranching of
animals better adapted to local conditions. However, adaptation also needs political,
social, extension service, and educational inputs.
With the forecast of world population increase, there is bound to be increased
pressure on the soil to produce more food for the teeming millions. Thus, future trends
of land to produce food to its maximum potential will be of particular interest. The
impact of climate change on the health of the land should be considered in parallel with
the effects of existing pressures caused by unsustainable land management-because it
is often impossible to isolated separate the effects of these impacts and because their
cumulative impact on soils often is far greater than a simple summation.

2.2

Soil erosion: causes and processes

Soil erosion is the movement and transport of top soil by various agents particularly water, wind and mass movement - that leads to a loss of soil. Erosion has
been recognized by many scientists as a major problem since the U.S. Dust Bowl of the
1930s (Jacks and Whyte, 1939). The causes and processes involved in soil erosion
have been well-researched and documented over the last 60 years, providing
voluminous literature. The main factors influencing soil erosion are rainfall (amount,
frequency, duration and intensity), wind speed, land use and management pattern,
topography and physical and chemical properties of soils (Hallsworth, 1987).
Clearing soils of their natural vegetation cover and subsequently using them for
arable agriculture has been the primary cause of soil erosion onset. Historically, this
has resulted in disastrous soil losses, particularly in conjunction with climate variations
and extreme weather events (Bark, 1989). More recently, population pressure in

66
developing countries, as well as changes in land use and management practices in
some parts of the world, has increased erosion susceptibility even further.
Other changes due to climate change (temperature and precipitation) are
expected to be relatively well buffered by the mineral composition, the organic matter
content or the structural stability of many soils. However, decreases in cover by
vegetation or annual or perennial crops, caused by any locally major declines in rainfall
not compensated by C02 effects, could lead to soil structure degradation and
decreased porosity, as well as increased runoff and erosion on sloping sites. Changes
in options available to land users because of climate change may have similar effects.

2.3

The impact of climate change on soil erosion and adaptive strategies for
mitigation

In most cases, changes in soils by direct human action, on-site or off-site are far
greater than the direct climate-induced effects. Soil management measures designed to
optimize the soil's sustained productive capacity would therefore be generally adequate
to counteract any degradation of agricultural land by climate change. Soils of nature
areas, or other land with a low intensity of management such as semi-natural forests
used for extraction of wood and other products, are less readily protected against the
effect of climate change but such soils, too, are threatened less by climate change than
by human actions-off-site, such as pollution by acid deposition, or on-site, such as
excessive nutrient extraction under very low-input agriculture (Brinkman and Sombroek,
1996).
To armour the world's soils against any negative effect of climate change, or
against other extremes in external circumstances such as nutrient depletion or excess
pollution, or drought or high-intensity rains, the best that land users could do, would be:
•

•

to manage their soils to give them maximum physical resilience through a stable,
heterogeneous pore system by maintaining a closed ground cover as much as
possible;
to use an integrated plant nutrient management system to balance the input and
uptake of nutrients over a cropping cycle or over the years, while maintaining
soil nutrient levels low enough to minimize losses and high enough to buffer
occasional high demands.

Climate change is likely to affect soil erosion by water through its effects on
rainfall intensity, soil erodibility, vegetative cover and patterns of land use. GCMs
indicate a marked change in soil moisture regime and therefore, attendant changes in
soil erodibility, land use, and vegetative cover. Regions likely to experience an increase
in soil moisture include southern Asia (50 to 100%), South America (10 to 20%), and
Oceania (10 to 20%). Regions likely to experience decrease in soil moisture include
North Europe (10 to 60%) (Schlesinger, 1989). However, with respect to erosion, much
will depend on the pattern, intensity, and seasonality of rainfall events.
A potential change in the climate might have positive effects that lead to a
decrease in soil erosion risk (Sombroek, 1991-92; Brinkman and Sombrooek, 1993) as
a result of negative feedback mechanisms. Examples include increased biomass
production, increased vegetation cover, and enhanced soil organic-matter content
resulting from elevated C02 concentrations.
However, predicted changes in
temperature, rainfall, and soil moisture (IPCC, 1994) suggest that few areas will receive
benefits from negative feedback effects. Instead, projected declines in levels of soil
organic matter and the weakening of soil structure will make soils increasingly prone to
erosion.
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Persistence of low rainfall may lead to accelerated environmental degradation.
The rapid increase in the area planted to millet after 1974 in Niger has expanded
farming to marginal lands that were not cultivated before. The cultivation of lands
subjected to a high degree of rainfall variability could make them susceptible to wind
erosion. This could lead to a progressive deterioration of land quality (Sivakumar, 1992).
More than 60 years of experience are available in the development of
observation techniques and soil protection, following the U.S. Dust Bowl and similar
phenomena elsewhere in the world (Schwertmann et al., 1989; Lal, 1990). A serious
problem, however, is that many of these conservation techniques have not been
adopted. Nevertheless, they are available and could be used for or adapted to
changing climatic conditions. The most important requirement is that governments
recognize the problem of soil erosion and set in motion the appropriate conservation
mechanisms.
Future erosion risk is more likely to be influenced by increases in population
density, intensive cultivation of marginal lands, and subsistence farming techniques
than by changes in climate. One thing is certain: erosion, mass movement, and
landslides are most likely to increase in areas near regions of high population density.
2.4

Desertification • the nature and causes

The significance of future global warming for dryland climates is difficult to
assess with confidence at the present time. Predictions based on many general
circulation model experiments suggest that temperatures will rise in all dryland regions
in all seasons. There is some evidence that the warming will be more rapid in the
middle to higher latitudes. Predictions of future precipitation changes, including the
impact of rainfall variability, vary widely from model to model and region to region, and
consequently, the confidence limits on the predictions of precipitation changes in
dryland areas are lower than those for temperature.
The predicted increase in temperature would most probably have the effect of
increasing potential evapotranspiration rates in the dryland, and in the absence of any
large increases in precipitation, many dryland are accordingly predicted to become
more arid in the next century.
Desertification arises both from human abuse of the land and from adverse
climatic conditions such as extended drought (UNEP, 1992) which may trigger, maintain
or even accelerate the process of dryland degradation. Currently there is disagreement
as to whether human impacts or climate factors are the primary agents responsible for
the desertification of the world's arid and semi-arid lands. Some evidence suggests that
human impacts arising from overstocking, over-cultivating and deforestation are
primarily responsible for the process. There is a great deal of variation in assessment of
the nature and severity of the desertification problem due mainly to the lack of adequate
data.

2.5

Adaptive Strategies for Mitigating the Impacts of Climate Change on
Desertification

As it is noted, some desertification already is irreversible. Many other examples
of desertification are reversible given appropriate legislation, technology, conservation
techniques, education, and, most importantly, the will to act. There are various
measures to combat the aridity that might lead to desertification. The impact of
increased aridity on natural ecosystems and crops would be moderate and in most
cases manageable if improved agricultural and management practices - such as the
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selection of more drought-tolerant species and cultivars, shorter-cycle annual crops,
better tillage practices, soil conservation practices, more timely agricultural operations,
and more water-conserving crop rotations- were adopted. In natural ecosystems such
as rangelands, increased aridity could be mitigated through the use of more appropriate
stocking rates and more balanced grazing systems such as deferred grazing, the
concurrent utilization of various kinds of stock species and breeds, game ranching,
mixed stock and commercial hunting, and so forth (IPCC, 1996a).
2.5.1

Water use and management

One of the primary factors affecting water availability is the annual distribution
of precipitation. There are large differences in water availability in soils within a given
land system or landscape, depending on topography, geomorphology, and the nature of
the soil and its depth. Many surveys show that water availability in contiguous soils
may vary by a factor of one to ten or more (Floret arid Pontainier, 1984}. The actual
distribution of water in soils may be modified considerably by tillage and mulching
practices, soil and water conservation techniques, runoff farming, and water harvesting.
Most of these techniques have been known for nearly 3,000 years in the Near and
Middle East.
The techniques of runoff farming-which probably date to nearly 3,000 years ago
in western China, Iran, Saudi Arabia, Yemen, Jordan, northern Africa, and Spain-have
hardly been used outside their own regions but are capable of development elsewhere.
Unfortunately, some of these techniques are being abandoned in countries in which
they have been in use for centuries, such as southern Tunisia, Libya, northern Egypt,
Yemen, and Iran. The techniques of water harvesting-well-developed in the Near East
and North Africa during Roman and Byzantine periods (200 BC to 650 AD) could be
developed again within and outside these regions taking care to ensure that the new
conditions are suitable for them.
Irrigated farming may not suffer from increased aridity even if water availability
becomes more difficult. Improved irrigation practices (e.g., generalized drip irrigation,
underground irrigation) can save up to 50% water compared with conventional irrigation
systems. Under more-arid future conditions, one could expect a very large increase in
the use of irrigation, in addition to the expansion of controlled farming, crop genetic
improvement, and the expansion of winter-growing crops that are much less demanding
on water.
In most arid and semi-arid countries, wasted water is common, particularly in
agriculture (due to inefficient irrigation systems). The amount of' waste commonly
reaches 50% in many countries, but such waste often is easy to prevent with
appropriate techniques. In many countries, water front aquifers (both shallow and
deep) are being used at rates that exceed recharge. Increased pumping of water from
these aquifers for irrigation will lower the water table and eventually hasten their
depletion. This thus threatens the availability of this water for even more vital human
needs. Future development in many countries urgently requires water conservation
and savings.
Two ways to save water besides improved irrigation and drainage systems are
to utilize water-efficient plants and to develop winter growing crops. Alfalfa, (a very
popular fodder crop), for instance, is extremely water demanding requiring about 7001000 kg of water to produce 1 kg of fodder dry matter whereas some other fodder crops
are less water demanding for the same yield. Winter growing crops consume much
less water than summer crops because PET during winter is only a small fraction of the
summer amount.
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Drainage water, especially in arid and semi-arid lands which has a rather high
concentration of salts, can be re-used to grow salt tolerant crops, including cash crops
such as sugar beet; it also may be used to grow timber and fodder. Some timber and
fuel-wood species can produce high yields with water having half the salt concentration
of sea water, as can a number of fodder crops such as saltbushes, fleshy sainfoin, tall
fescue, and strawberry clover (Le Houerou, 1986). There is, however, a potentially
detrimental effect of re-using salt-enriched drainage waters-namely, the accelerating
salinization of soil, as occurred adjacent to the Nile in Egypt.
There are many techniques that could be used to counteract a moderate
increase in climatic aridity, such as those outlined above, but these techniques tend to
increase the costs of' production and thus alter the conditions of commercial
competition of products on the markets. These have thus not been discussed here.

2.5.2

Land-Use Systems

As opposed to natural ecosystem, agricultural production systems are man
made. The natural balance that undisturbed ecosystems represent is changed when
man and his animals impose pressure through cultivation of new species or through
modification of the delicate microclimate. Agricultural production systems may be more
vulnerable to climate change than naturally occurring ecosystems with their many
species. In addition, the season bound nature of crop production systems makes
agriculture even more difficult. According to Sivakumar (1992) in Niger where the rainy
season is already short, even a moderate decline in rainfall could result in total crop
failures. Continuing population growth and increasing pressure on land use causes a
much wider effect leading to desertification which could compound the difficulties and
risks imposed normally by climate.
Adaptation to drought and desertification has challenged pastoralists, ranchers,
and farmers for centuries. Pastoralists and ranchers have drought-evading strategies
and farmers have drought-enduring strategies. Drought-enduring strategies include the
adoption of a light stocking rate that preserves the dynamics of the ecosystems and
their ability, to recover after drought, and the utilization of agroforestry techniques
whereby fodder shrubs and trees that can store large amounts of feed over long periods
of time are planted in strategic locations in order to provide an extra source of feed
when drought occurs. Among the species used are saltbush plantation, spineless
fodder cacti (Agave americana), wattles (Racosperma spp), mesquites (Prosopis spp),
and acacias (Acacia spp). These provide and thus encourage a more permanent than
nomadic existence even when the range is dry and parched.
Another drought-enduring strategy utilized in the United States and South Africa
is game ranching of animals that are better adapted to dry conditions than are livestockincluding several species of Cervidae, various antelopes, and ostriches. There are at
present more than 20 Mha of game ranching in South Africa, Namibia, Botswana, and
Zimbabwe (Le Houerou, 1994). The utilization of stock specie and breeds that are
better adapted to dry conditions is a further possible adaptation. Many East African
pastoralists (Somali, Rendille, Gabra, and Samburu) have shifted recently from cattlehusbandry to camel-rearing as a response to the deterioration of their environment;
others have increased the proportion of goats compared to sheep (e.g., Turkana).
A drought-evading approach to coping with drought and desertification is the
application of soil-conservation techniques, including zero or minimum tillage, contour
furrowing, pitting, banking, terracing, and benching. Most of these techniques have
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been known to some ethnic groups and to some regions for a long time, yet they have
rarely been extended outside their region of origin.
Stimulating increased land use efficiency for different agricultural purposes will
again be partly an agrometeorological adaptation strategy. All multiple cropping
systems are examples of such increased land use efficiencies (Stigter and Baldy, 1995;
Baldy and Stigter, 1997).
The overall strategy should be the development of diversified and multiple
production systems-including wildlife, combined with livestock and game ranching;
commercial hunting; various tourism activities, including so-called green-tourism; runoff
farming; poultry production; and non-agricultural activities such as handicraft. Such
activities are developed to various levels in a number of countries, such as the drylands
of the United States (west of 100° longitude), Australia, South Africa, India, Namibia,
Botswana, Zimbabwe, Kenya, and Tanzania. There is no reason why these practice,
should not be extended elsewhere.

2.5.3

Agroforestry

Agroforestry may play an extremely important role in the development of semiarid and arid lands in the struggle against desertification (Le Houerou and Pontainier,
1987). Agroforestry techniques have been developed for centuries in some rural
civilizations- such as Kejri [Prosopis cinereria (L) Druce] in northwest India (Rajasthan);
Faidherbia albida (Del.} Chev. in various parts of intertropical Africa; saltbushes in
various arid zones of the world; Argenia spinosa (L.) Sk in southwest Morocco;
Quercusilex L. and Q. suber L. in Spain and Portugal; and Espino (Acacia caven Mol.}
and Algarrobo (Prosopis spp) in Latin America. Such techniques permit high rural
population densities in arid zones (e.g., 60-80 people /km 2) with Faidherbia in southern
Sahel, and similar densities in Rajasthan with Prosopis cineraria and in southern
Morocco with Argania (the latter region receives <150-300 mm/yr rainfall).
Agroforestry therefore should be an integral part of any dryland development
strategy for sustainable agriculture. This development should include village woodlots,
which-when located in strategic situations on deep soils, and benefiting from some
runoff-may produce very high yields as long as the right species of tree are selected
and then rationally managed. Such woodlots could and should be an important part of
the fight against desertification because fuel-wood collection is a major cause of land
degradation in many developing countries.

2.5.4 Conservation and Biodiversity
The world's semi-arid and arid lands contain a large number of species of plants
and animals that are important to humankind as a whole. Due to recent desertification
of several regions of the world, many species are endangered or will soon be. The only
way to preserve this biological capital for the benefit of humankind is in site
conservation projects. However, conservation is expensive, particularly in areas where
the demand on the land is acute because of high human population growth (IPCC,
1996a).

2.6

Agricultural resources in rangelands

Rangelands include unimproved grasslands, shrublands, savannahs, and hot
and cold deserts. The primary use of rangelands has been and is for grazing by
domestic livestock and wildlife. Rangelands support fifty per cent of the world's livestock
(WRI, 1992) and provide forage for both domestic and wild animal consumption (Briske

71
and Heitschmidt, 1991 ). Rangeland management systems vary from nomadic
pastoralism to subsistence farming to commercial ranching. Markets are largely
externally driven, with extensive social systems in contrast to commercial agriculture.
Overgrazing (the result of animal consumption exceeding carry capacity) has been and
is common to rangelands throughout the world (WRI, 1992).
Most of the forage consumed by domestic livestock (cattle, sheep, goats, buffalo,
and camels) is supplied by rangelands in Africa and Asia. Other regions of the world
support many fewer animals from rangeland forage resources. Numbers and kinds of
domestic and wild grazing animals vary from region to region.
In rangelands, the amount and timing of precipitation are the major determinants
of community structure and function. Other driving forces that determine plant
community composition, distribution, and productivity include temperature, fire, soil type,
and herbivory. These driving forces prevent species senescence and allow for periodic
rejuvenation by eliminating biomass and organic debris above the ground and thereby
liberating nutrients. In many areas poor management of rangelands enhances the
changes likely to be caused by climatic change - for example, by increasing the ratio of
woody to herbaceous vegetation.

2. 7

Human Adaptation for rangeland agriculture

By the time there is a significant and detectable rise in mean temperature
pastoral societies may already have begun to adapt to the change. Adaptation may be
more problematic in some pastoral systems where production is very sensitive to
climatic change. Decreases in rangeland productivity would result in a decline in overall
contribution of the livestock industry to national economy. This would have serious
implications for the food policies of many underdeveloped countries and on the lives of
thousands of pastoral peoples.
Intervention- in terms of active selection of plant species and controlled animal
stocking rates-is the most promising management activity to lessen the negative impact
of future climate scenarios on rangelands. Proper rangeland management, including
sustainable yield and use of good-condition areas while marginal or poor condition
areas are allowed to rest, will become increasingly necessary under climatic conditions
projected for the future.
A shift in reliance toward more suitable and more intensively managed land
areas for food and fiber production could have the dual benefits of greater reliability in
food production and lesser detrimental impact of extreme climatic events such as
drought on rangeland systems. Improvement and intensification of management of
certain areas of rangeland may also have the additional benefit of reducing average
methane emissions per head of livestock because of improved feed quality.
One management option for the future is to actively change species composition
of selected rangelands.
Legume-based grassland systems may become more
important in the future because legumes reduce the reliance on fertilizer inputs and
improve the nutritive value of forage. The use of leguminous species is important as a
means of producing more-sustainable forage systems (Riveros, 1993). Legume species
generally show larger yield responses to elevated C02 than do grasses at warm
temperatures and also show enhanced nitrogen-fixation rates (Campbell et al., 1995).
The benefits of leguminous species could be offset to some extent by future
increases in damaging UV-B radiation (Caldwell et al., 1989), because legumes may be
quite susceptible to UV-B relative to other species (Brown, 1994). However, the effects
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are uncertain at present because there are only limited experimental data available on
the effects of future UV-B radiation levels on forage and range land legumes.
In some grass-dominated rangeland systems, improved pastures may help
people to adapt livestock grazing strategies. In these systems, there is significant
intervention-including selection of forage type, selective animal breeding, pasture
renewal, irrigation etc. (Campbell and Stafford Smith, 1993). This intervention provides
opportunities for graziers to adapt systems so they are protected against negative
effects of global climatic change and so that any potential benefits are realized.
McKeon et al. (1993) developed a scheme for adapting rangelands to climate change
by linking management decisions to climate variability.

2.8

Mitigation strategies for rangeland agriculture

Opportunities for reducing greenhouse gas (GHG) emissions on rangelands
include maintaining or increasing carbon sequestration through better soil management
(Ojima et al., 1994b), reducing methane production by altering animal management
practices (Howden et al., 1994), and using sustainable agriculture practices on
rangelands capable of sustaining agriculture (M osier et al., 1991 ).
Productivity and carbon cycling in rangeland ecosystems are directly related to
the amounts and seasonal distribution of precipitation and are only secondarily
controlled by other climate variables and atmospheric chemistry (Sampson et al., 1993).
In fact, rangeland productivity may vary as much as fivefold because of timing and
amounts of precipitation (Walker, 1993).
Carbon storage in grasslands, savannahs, and deserts is primarily below ground.
Estimates using the BIOME model (Solomon et al., 1993) suggest that in the world's
rangelands approximately 595 Gt C is stored in below ground biomass (44% of the
world's total}, while only about 158 Gt is stored in rangeland aboveground biomass.
Thus, good soil management is the key to keeping or increasing C storage and
protecting rangeland condition. Improving rangeland condition, and thus the amount
and kind of vegetation, will also reduce methane emission from ruminant animals by
improving the quality of their diet. Total methane emissions from the grazing system
however, will decrease only if there are commensurate reductions in animal numbers in
the less-resilient parts of the grazing landscape (Howden et al., 1994).
Non-sustainable land-use practices such as inappropriate plowing, overgrazing
by domestic animals, and excessive fuelwood use are root causes of degradation of
rangeland ecosystems (Sampson et al., 1993). Some systems may already be
degraded to such an extent that the ability of the ecosystem to recover under better
management practices will be greatly hampered. None of the practices is relevant for
every country, social system, or rangeland type. Unfortunately, because of the high
dependence of rangeland function on amount and timing of rainfall, none of these
practices is likely to significantly improve rangeland function and carbon sequestration
without adequate rainfall (McKeon et, al., 1989; IPCC, 1996a).
a)

Reduction of animal numbers. Reduction of animal numbers can increase
carbon storage through better plant cover (Ash et al., 1995) and decrease
methane emissions. This practice can have a positive ecosystem effect if there
is sufficient rainfall, but reduction in animal numbers on rangelands may require
alternative sources of food for humans, and thus changes in national and/or
regional food-production policies.
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b)

Changing the mix of animals. Changing the mix of animals on a given
rangeland area can increase carbon storage and decrease methane emissions,
but the benefit derived depends on the kind of rangeland and the proposed mix
of animals. If a country is considering only cattle and small stock (sheep, goats,
etc.), the mix may not be ecologically efficient; rather, it may be an economic
risk during drought when cattle die but goats survive. In this kind of grazing mix,
the ecosystem may deteriorate. In contrast, a mix of cattle and wildlife
ruminants may be both ecologically and economically efficient.

c)

Changing animal distribution. Changing animal distribution through salt
placement, development of water sources, or fencing can increase carbon
sequestration through small overall increases in plant cover and improved status
of the root system (due to less intense grazing). None of the changes in animal
distribution, however, is expected to affect methane production. Animalmanagement practices should be specific to local and regional production
systems; for example, fencing and/or placement of salt may not be useful in
herding systems and may potentially interfere with wildlife migration. Costs and
practices will vary widely by region.

d)

Agroforestry.
In regions where woody species and grasses coexist
management practices to enhance both woody and herbaceous productivity
may increase carbon storage and reduce methane emissions per unit product
from domestic and wild ruminants, by improving the quality of the diet.

e)

Watershed-scale Projects. Practices involving the development of dams with
medium to large-scale water-storage capacity may improve long-term carbon
storage and reduce animal methane production per unit product, by improving
the quality of the diet through improved animal-management options and
improved food-production systems. However, such projects are expensive and
can result in social and cultural dislocation, local extinction of wildlife, and may
result in increases in both human and animal population densities. Small scale
watershed management as has been practised in a few villages in Maharashtra
state of India may help to recharge the underground water, improve carbon
storage, contain soil erosion, enhance rangeland productivity and increased
agricultural output.

Although rangelands have been used historically for livestock production for
meat, wool, hides, milk, blood, and/or pharmaceuticals, policymakers must realize that
an equally important objective for maintaining rangelands may be to maximize the
number of domestic animals as a social resource (e.g., in some tribal cultures, wives
are bought with livestock). Rangelands also are increasingly affected by human
activities for mineral production, construction materials, fuel, and chemicals. Additionally,
rangelands provide habitat for wildlife threatened and endangered species,
anthropological sites, ecotourism, and recreational activities. As the human population
grows, rangelands also incur increased demand for marginal agriculture production. All
of these activities and uses potentially affect rangeland condition-and thus the potential
of the ecosystem to sequester carbon.
Climate amelioration may lead to increased invasion by species able to disperse
widely and possibly to increased fire frequency if the occurrence of ephemeral flora
becomes more common. Long-range dispersal mechanisms tend to be rare in plants of
the extreme deserts (Chambers and MacMahon, 1994). Thus, even if deserts with little
plant cover (e.g., the central Sahara) were to become moister, vegetation may take a
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long time to respond. In some cases, as in Australia, species (especially birds) that are
dependent on ephemeral water bodies may show a population increase.

3.

Climate change impact on crop and animal agriculture and
adaptation strategies

3.1

Introduction

Crop yields and changes in productivity due to climate change will vary
considerably across regions and among localities, thus changing the patterns of
production. Productivity is projected to increase in some areas and decrease in others
especially the tropics and subtropics. However, recent studies support evidence that,
on the whole, global agricultural production could be maintained relative to baseline
production in the face of climate change modeled by GCMs 2x C02 scenario. However,
more important than global food production is the access to and availability of food for
local and regional poputations. At broader regional scales, subtropical and tropical
areas-home to many of the world's poorest people-show negative consequences more
often than temperate areas. People dependent on isolated agricultural systems in semiarid and arid regions face the greatest risk of increased hunger due to climate change.
Many of these at-risk populations live in sub-Saharan Africa; South, and Southeast
Asia; and tropical areas of Latin America, as well as some Pacific Island nations. These
conclusions emerge from studies that model the effects on agricultural yields induced
by climate change and elevated C0 2 projections. These models presently do not
include changes in insects, pests, weeds and crop diseases; direct effects of climate
change on livestock; changes in soil and soil-management practices; and changes in
water supply caused by alteration in river flows and irrigation. Moreover, the studies
have considered only a limited set of adaptation measures and are based on yield
analyses at a limited number of sites. Failure to integrate many key factors into
agronomic and economic models limits their ability to consider transient climate
scenarios and to fully address the costs and potential of adaptation. However,
increased productivity of crop due to elevated concentrations of C02 is an important
assumption in most crop modeling studies. Although the mean value response under
experimental conditions is a 30 % increase in productivity for C3 crops (e.g., rice and
wheat) under doubled- C0 2 conditions, the range is as wide as -10 to + 80 %. The
response also depends on the availability of plant nutrients, plant species, temperature,
precipitation, and other factors.

3.2

Soil Changes and Agricultural Practices

Climate affects most major soil processes and is a major factor in soil formation;
the potential effects of changing climate and high atmospheric C02 on soils are highly
interactive and complex (Buol et al., 1990). Many of the world's soils are potentially
vulnerable to soil degradation (e.g. loss of soil organic matter, teaching of soil nutrients,
salinization and erosion) as a likely consequence of climate change.
Cropping practices that maintain a more closed ground cover over longer
periods - including crop rotation, planting of cover crops, and reduced or minimum
tillage - combined with integrated nutrient management are quite effective in combating
or reversing current land degradation and would be similarly effective where climate
change had the potential to exacerbate land degradation. Brinkman and Sombroek
(1993) found that, in most cases, changes in soils by direct human action, whether
intentional or unintended, are likely to have a greater impact than climate change. They
found that under a transient scenario of climate change, physical, chemical and
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biological processes of the soil have enough time to adapt, thereby counteracting
human-induced land degradation.

3.3

Human response to climate change

Impact of climatic change on agriculture have been estimated in a variety of
ways, ranging from analyses of effects on agroclimatic conditions and crop growth at
the plant and plot scale, through assessments of impacts on regional food production
and economic returns, to studies of implications for crop choices, international trade,
and public policies. For the most part, agricultural impact studies have focused on crop
yields and production assuming a changed climate. Increasingly, the importance of
human adaptation and the effects of non-local and non-climatic forces have been
recognized, in impact studies usually via assumption and simulation (Rosenzweig and
Parry, 1994; Darwin et al., 1995}.
Studies which link biophysical models with economical models to assess
impacts on production, economic returns and regional employment (Parry et al., 1988;
Arthur and van Kooten, 1992) also make assumptions about farmers' decisions as to
what to produce and how. Most of the early impact studies presumes no adaptations in
land use and management practices, invoking what has become known as the "dumb
farmer" assumption (Smit, 1991 ).
In recognition that farmers are likely to modify their operations in light of
changed conditions, more attention has been given recently to adaptive responses to
climate-related yield changes (Darwin et al., 1995). The MINK study explicitly assumes
managerial responses to climatic change, even to the point of distinguishing between
short-term and longer-term cumulative responses (Easterling et al., 1993). These and
other studies recognize the distinction between an effect (e.g. change in yield given a
chosen crop and management system) and response (e.g. a decision to change a crop
or management system). To illustrate the importance of this distinction, if no one is
growing corn in a region at the time a climate change is assumed, then information on
corn yield effects under the changed climate is not very helpful in assessing food
production impacts. Assessments of climate change impacts must include consideration
of responses as well as effects.
To date the consideration of farmer responses and adaptation has been largely
by assumptions. The MINK study includes scenarios in which "smart" farmers are
assumed to adapt to the changed climate (Easterling et al., 1992). However, there has
been very little analyses of how farmers actually respond, adapt, or adjust to changed
climatic conditions. A recent selection of assessment methodologies (Carter et al.,
1994) shows modelling, expert judgement and qualitative estimates as the predominant
methods, with only one empirical analysis listed (Parry et al., 1988). In effect the "dumb
farmer" assumptions has been replaced by the "clairvoyar farmer'' assumption (Smit,
1991) where in farmers are presumed to accurately perceive the future climatic
condition and adopt their farm types and production practices accordingly.
To improve estimates of climate impacts on agriculture there is a need to know
more about how farmers perceive climate and how they respond, in both the short and
long term, to variable climate conditions, including the magnitude and frequency of
extreme conditions.
3.4

Response of the plants to global warming- C02-fertilization effect

lt is well-known and demonstrable fact that plants, when exposed to increased
concentrations of carbon dioxide, respond with an increased rate of photosynthesis.
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Such increase in photosynthesis normally lead to larger and more vigorous plants and
to higher yields of total dry matter (roots, shoots, leaves) and often of harvestable
products as well.
The behavior described here is demonstrated especialy by plants of the C3
category, which includes most of the world's small grains, leguments, root crops, cool
season grasses and trees. Another category of plants, the C4 or tropical grasses such
as corn, sorghum, millet and sugar cane are naturally more efficient photosynthesizers
than are the C3 plants. They too respond, but less markedly, to increased atmospheric
carbon dioxide. However the C4 plants show another interesting response to increased
carbon dioxide in the atmosphere: their consumption of water by transpiration is
reduced because of partial closure of the leaf stomata (pores) induced by high carbon
dioxide concentration.
This effect is also demonstrated by the C3 plants. This reduction in transpiration
is not accompanied by any significant loss in photosynthesis. In the Chaudhuri et al.,
(1990) experiment with wheat, for example, water requirement for grain was reduced by
elevated C02 with the greatest reduction in almost all cases with the first increment of
added C02 • As a result of such responses to elevated levels of carbon dioxide,· the C4
plants have higher water use efficiency (production per unit of water consumed)
primarily because of reduced transpiration. The C3 plants experience a still greater
improvement in water use efficiency because of reduced transpiration and increased
photosynthesis.
If the findings from laboratory, green house and open chambers upon which the
above statements are based can be extrapolated to the open field, we may expect
important benefits to agriculture from the increasing concentration of carbon dioxide in
the atmosphere - increased photosynthesis in many important species and decreased
water consumption in most species. This direct "fertilization" effect of carbon dioxide
should offset detrimental climatic changes to some degree (Sombroek and Gommes,
1996). In cases where the climatic changes are clearly beneficial and increase the
potential for production - for example, through increased warmth in the northern parts
of the temperate zones or increased soil moisture in semi-arid regions- the fertilization
effect increases the likelihood that the greater production potential can be realized.
C0 2-enrichment of the atmosphere could also lead to some troublesome effects.
Because of the special benefit that C3 plants derive from elevated COz, C3 weeds may
become more competitive in fields of C4 plants. Additionally, the C : N ratio increases in
leaves of plants fertilized with C02 •

3.5

Mountain Agriculture and climate change

Mountains contribute a significant proportion of the world's agricultural
production in terms of economic value. Upland regions are characterized by altitudinal
climatic gradients that can lead to rapid changes in agricultural potential over
comparatively short horizontal distances. Where elevations are high enough, a level
eventually will be reached where agricultural production ceases to be profitable or
where production losses become unacceptably high. Upland crop production, practised
close to the margins of viable production, can be highly sensitive to variations in climate.
The nature of that sensitivity varies according to the region, crop, and agricultural
system of interest. In some cases, the limits to crop cultivation appear to be closely
related to levels of economic return. Yield variability often increases at higher elevation;
so climate change may mean a greater risk of yield shortfall, rather than a change in
mean yield (Carter and Parry, 1994).
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Several authors have predicted that currently viable areas of crop production will
change as a result of climate change (Salinger et al., 1989; Downing, 1992), although
other constraints such as soil types may make agriculture unsuitable at these higher
elevations. In-depth studies of the effects of climatic change in Ecuador's Central
Sierra (Bravo et al., 1988) and Papua New Guinea (Alien et al., 1989) have shown that
crop growth and yield are controlled by complex interactions among different climatic
factors and that specific methods of cultivation may permit crop survival in sites where
the microclimates would otherwise be unsuitable. Such specific details, cannot be
included in GCM-based impact assessments, which have suggested both positive and
negative impacts-such as decreasing frost risks in the Mexican highlands (Liverman
and O'Brien, 1991) and less productive upland agriculture in Asian mountains, where
impacts would depend on various factors, particularly types of' cultivars (Parry et al.,
1992).
Given the wide range of microclimates already existing in mountain areas that
have been exploited through cultivation of diverse crops, direct negative effects of
climate change on crop yields may not be too great. While crop yield may rise if
moisture is not limiting, increases in the number of extreme events may offset any
potential benefits. In addition, increases in both crop and animal yields may be negated
by greater populations of pests and disease-causing organisms, many of which have
distributions that are climatically dependent.
More important in certain parts of the developing world is the potential for
complete disruption of the life pattern of mountain villages that climate change may
bring in terms of food production and water management. People in the more remote
regions of the Himalayas or Andes have for centuries managed to strike a delicate
balance with fragile mountain environments; this balance may be disrupted by climate
change, and it would take a long time for a new equilibrium to be established. In cases
such as this, positive impacts of climate change (e.g., increased agricultural production
and/or increased potential of water resources) are unlikely because the combined
stressors, including negative effects of tourism, would overwhelm any adaptation
capacity of the environment.
Compounded with these effects are those related to augmented duration and/or
intensity of precipitation, which would enhance soil degradation (erosion, leaching,
landslides etc.) and lead to loss of agricultural productivity.

3.6

Extent of adaptability of agricultural system to climate change

A wide range of views, often diverse, exists on the potential of agricultural
systems to adapt to climate change. Historically, farming systems have adapted to
changing economic conditions, technology and resource availability, and population
pressures and of course, changing climate. Uncertainty remains regarding whether the
rate of climate change and required adaptation would add significantly to the adverse
effects of socioeconomic or environmental changes. Adaptation to climate change via
new crops and crop varieties, improved water management and irrigation systems, and
information (e.g., optimum planting times) will prove important in limiting negative
effects and taking advantage of beneficial changes in climate. The extent of adaptation
depends in part on the cost of the measures adopted, particularly in developing
countries; access to technology and skills; the rate of climate change; and constraints
such as water availability, soil characteristics, topography, and the genetic diversity.
The increasing costs of these adaptation strategies could create a serious burden for
some developing countries; some adaptation strategies may result in cost savings for
some countries. There are significant uncertainties about the capacity of different
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regions to adapt successfully to projected climate change. Many current agricultural and
resource policies most likely would discourage effective adaptation measures.
Changes in prevailing grain prices, and distribution of livestock pests, and
pasture productivity all will affect livestock production and its quality. In general,
analyses indicate that intensively managed livestock systems have more potential for
adaptation than crop systems. In contrast, adaptation presents greater problems in
pastoral systems where production is very sensitive to climate change, technology
changes incur risks, and the rate of technology adoption is slow.

3. 7

Adaptation

Historically, farming systems have adapted to changing economic conditions,
technology and resource availabilities and have kept pace with a growing population
(Rosenberg, 1992). Evidence exists that agricultural innovation responds to economic
incentives such as factor prices and can relocate geographically (CAST, 1992}. A
number of studies indicate that adaptation and adjustment are important to take
advantage of improving climatic conditions and to reduce losses (Medelsohn et al.,
1994; Salinger et al., 1999b).
Despite the successful historical record, questions often arise whether the rate
of change of climate and required adaptation would add significantly to the likely
disruption due to changes in economic conditions, technology and resource
availabilities (Gommes, 1993; Reilly, 1994). If climate change is gradual, it may be a
small factor which generally goes unnoticed by most farmers as they adjust to other
more profound changes in agriculture stemming from new technology, increased
demand of food and other environmental factors such as use of pesticide, water quality
and land preservation. However, some researchers see climate change as a significant
addition to future stresses, where adapting to yet another stress such as climate
change may be beyond the capability of the system. Part of the divergence in views
may be due to different interpretations of adaptation, which include the prevention of
loss, tolerating loss, or relocating to avoid loss (Smit, 1993}. Moreover, while the
technological potential to adapt may exist, the socio-economic capability to adapt differs
for different types of agricultural systems (Reill and Hohmann, 1993).

3. 7.1

Some possible adaptation strategies

The most plausible of the projected climate and direct effects of C02 (i.e.
general warming, altered precipitation and evapotranspiration, C0 2-fertlization effect on
photosynthesis and improved water use efficiency} indicate a number of possible
response strategies. These include the use of cultivars that require either longer or
shorter growing seasons. In high latitude regions shortness of the growing season is the
primary limiting factor. Warming would allow the use of more productive long season
cultivars. Such cultivars should be readily available from lower latitude locations
(Rosenberg, 1992}.
The C02 fertlization effect on plants will increase and climate changes may
occur because of the combined increase of all greenhouse-effect gases. Global
agriculture could adapt to gradual regional climate changes, but sudden changes would
be more serious. Adaptation and/or mitigation actions could include the following:
1.

Selections of plants that can better utilize carbohydrates, which are produced,
when plants are grown at elevated C02 .
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2.

3.

4.

5.
6.
7.

Selection of plants that produce less structural matter and more reproductive
capacity under C02 enrichment. (This applies for seed crop plants, not necessarily
vegetative biomass plants).
Search for germplasms that are adapted to higher day and night temperatures,
and incorporate those traits into desirable crop production cultivars to improve
flowering and seed set.
Change planting dates and other crop management procedures to optimize yield
under new climatic conditions, and select for cultivars that are adapted to these
changed agricultural practices.
Shift to species that have more stable production under high temperatures or
drought.
Determine whether more favourable C : N ratios can be attained in forage
cultivars adapted to elevated C02..
Where needed, and where possible, develop irrigation systems for crops.

Photoperiod limitations (if any) may be overcome by means of traditional plant
breeding procedures. In regions where mid-and-late summer temperatures and/or water
stress become severe enough to interfere with the plant's reproductive cycle, shorter
season varieties may be introduced. A shift from spring-sown to fall-sown small grains
may be anticipated in higher latitude regions. Less severe winters will ease the winterkill limitation on fall-sown wheat while increasingly severe summers will injure the latermaturing spring wheat.
Similarly the development or importation of more drought and heat resistant
strains of major crop species can be expected to occur in response to warming and/or
desiccation. Soybeans avoid drought by defoliation and refoliate when (if) rains return.
Sorghum resists drought by its tolerance of high temperatures and ability to roll its
leaves to reduce transpiration. These crops may replace drylands corn where that heat
and drought sensitive crop becomes uneconomic. This is already happening where
rain-fed agriculture is practiced at the hot and dry southern and western edges of the
corn belt (Wilhite, 1979).
Greater emphasis will likely be placed on moisture conserving tillage methods in
dryland agriculture. Various forms of minimum-tillage, conservation tillage, stubble
mulching and fallowing are already gaining in popularity in many countries because of
lower energy and labour requirements than conventional tillage. In the MINK study
simple improvements in tillage improved water conservation and helped reduce loss of
simulated yields in summer row crops. The rate of adaptation of these techniques would
likely increase if farmers were to gain a perception that the climate is becoming drier
and hotter.
Drying in the mid-continental regions would reduce runoff from range, forest and
agricultural lands. The supply of water for all competing uses would decline, but the
effect would probably be greatest on agriculture since the quantities used in irrigation
are great. Municipal and industrial users can outbid agriculture if supplies are short.
lt is true that improvements in irrigation efficiency can compensate somewhat for
increased demand or decreased supply. The "oil shocks" of the 1970's and the
declining water tables in regions irrigated from poorly rechargeable aquifers has
prompted development, improvement and adaptation of many water-saving practices.
Irrigation efficiency (the ratio of water entering and remaining within the root
zone to that applied to the field) can be improved considerably with laser-levelling of
fields, use of surge irrigation in furrows, adaptation of sprinkler systems to operate at
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low pressures and other techniques. Thus, far, however, irrigators in the High Plains
region of the United States have emphasized new field practices (e.g. Chiselling
compacted soils, stubble mulching, minimum tillage) and management strategies (e.g.,
irrigation scheduling, monitoring soil moisture status, planting drought tolerant crops)
rather than replacement or improvement of irrigation systems in their attempts to
conserve the limited ground water supplies from which they draw (Kromm and White,
1990).
As noted above, water use efficiency (photosynthate produced per unit of water
transpired) is improved by C02 enrichment of the atmosphere. There are other ways to
improve water use efficiency in agriculture. Windbreaks, for example, reduce
evaporative demand in the air over the plants they shelter. The sheltered plants remain
better hydrated and thus, better able to carry out photosynthesis (Rosenberg, 1979). A
wide array of intercropping techniques-multi-cropping, relay cropping, and othersprovide greater overall production per unit of land occupied and can be conductive to
improved water use efficiency because of the microclimatic conditions they create
(Crosson and Rosenberg, 1989).
A small number of adaptive strategies that are possible with currently available
technology have been described above. Other adaptation techniques and policies can
be readied in the coming decades. These are in first instance not fully new farming or
cropping technologies but existing technologies adapted to new problems caused by
climate change. Baldy and Stigter (1997) have for this purpose given an account of
agrometeorology of multiple cropping in warm climates. Stigter and Baldy (1995) holds
additional examples. Research and development efforts over the coming decades may
make current techniques more efficient or more widely applicable and may provide new
techniques as well.
Biotechnology offers the prospect of developing "designer-cultivars" for coping
with specific drought, heat, insect or disease problems much more rapidly than is
possible today (Goodman et al., 1987). Species not previously used for agricultural
purposes may be identified and others already identified may be quickly domesticated.
A report of the Council on Agricultural Science and Technology (CAST, 1984) identified
a number of species for new food and industrial crops.
Perennial plants would be harvested periodically to provide feedstocks for the
industrial synthesis of foods and other products, making for a more efficient use of land,
water and nutrients. Farms in this scheme would be biomass producing entities
connected by pipelines to the processing plants, much like oil wells linked to a refinery.
Controlled climate environments are already very important in providing high value
products such as ornamental plants, flowers and vegetables. Facilities in which
improved techniques of water management, nutrient recycling C02-fertilization, high
intensity lighting and integrated pest management might be used to provide high protein,
concentrated carbohydrate foods.
This might help offset some portion of lost
agricultural productivity, if that is to be the net effect of green house warming.
One important exception relates to the expansion of irrigation as an adaptation.
The planning and construction of dams and water distribution systems have much
longer time horizons than most of the adaptations described above. lt seems more
likely, however, given the uncertainty about regional climate changes, that more
emphasis will be devoted to increasing the efficiency of existing water supply systems
than to developing new ones as a response to climate change.
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3.7.2 Technological options for adaptation to climate change
Nearly all agricultural impact studies conducted over the past few years have
considered some specific technological options for adapting to climate change. These
are enumerated and discussed below (IPCC, 1996a).

(i)

Seasonal changes and sowing dates - For frost limited growing areas (i.e.
temperate and cold areas), global warming could extend the crop growth
season, allowing planting of longer maturity annual varieties that achieve higher
yields (Le Houerou, 1993). For short season crops such as wheat, rice barley,
oats and many vegetable crops, extension of the growing season may allow
more crops per year. Also, where warming leads to regular summer highs
above critical thresholds, a split season with a short summer fallow could be
adopted. For subtropical and tropical areas where growing season is limited by
precipitation or where the cropping already occurs throughout the year, the
ability to extend the growing season may be more limited and depends on how
precipitation patterns change. A study for Thailand found yield losses in the
warmer season partially offset by gains in the cooler season (Parry et al., 1992).

(ii)

Different Crop Variety or Species - For most major crops, varieties exist with a
wide range of maturity periods and climatic tolerance. For example, Mattews et
al., ( 1994) identified wide genetic variability among rice varieties as a
reasonably easy response to spikelet sterility in rice that occurred in simulations
for South and Southeast Asia. Studies in Australia showed that response to
climate change are strongly cultivar-dependent (Wang et al., 1992). Longer
season cultivars were shown to provide a steadier yield under more variable
conditions (Cannor and Wang, 1993). In general, such changes may lead to
higher yields. Crop diversification in Canada (Cohen et al., 1992) and in China
(Hulme et al., 1992) has been identified as an adaptive response.

(iii)

New Crop Varieties- The genetic base is broad for most crops but limited for
some (e.g. kiwi fruit). A study by Easterling et al., (1993) explored how
hypothetical new varieties would respond to climate change (also reported by
McKenny et al., 1992). Heat, drought and pest resistance, salt tolerance and
general improvements in crop yield and quality would be beneficial (Smit, 1993).
Genetic engineering and gene mapping offer the potential for introducing a wide
range of traits. Difficulty in assuring that traits are efficaciously expressed in the
full plant, consumer concerns, profitability and other hurdles have slowed the
introduction of genetically engineered varieties compared with early estimates
(Caswell et al., 1994).

(iv)

Water Supply and Irrigation Systems - Irrigated agriculture as is known in
general, is less negatively affected than dryland agriculture. But adding irrigation
is costly and subject to the continuous availability of water supplies. Climate
changes are bound to affect future water supplies. There is wide scope for
enhancing irrigation efficiency through adoption of drip irrigation systems and
other water-conserving technologies (FAO, 1989), but successful adoption will
require substantial changes in how irrigation systems are managed and how
water resources are priced.
Because inadequate water systems are
responsible for current problems of land degradation and because competition
for water is likely to increase, there likely will be a need for changes in the
management and pricing of water regardless of whether and how climate
changes (World Bank, 1994). Tillage method and incorporation of crop residues
are other means of increasing the useful water supply for cropping.
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(v)

Other Inputs and Management Adjustments - Added nitrogen and other
fertilizers would be necessary to take full advantage of the enhanced C02 effect.
Where high levels of nitrogen are applied, nitrogen not used by the crop may be
leached into the ground-water, run off into surface water or to be released from
the soil as nitrous oxide. Additional nitrogen in ground and surface water has
been linked to health effects in humans and affects aquatic ecosystems.

(vi)

Tillage - Studies also have considered a wider range of adjustments in tillage,
grain drying and other field operations (Smit, 1993). Minimum and reduced
tillage technologies, for instance, in combination with planting of cover crops
and green manure crops, offer substantial possibilities to reverse existing soil
organic matter, soil erosion and nutrient loss and helps to combat potential
losses due to climate change (Peterson et al., 1993; Brinkman and Sombroek,
1993}. Reduced and minimum tillage techniques have spread widely in some
countries but are more limited in other regions. There is considerable current
interest in transferring these techniques to other regions.

(vii)

Improved Short-term Climate Prediction - Linking agricultural management to
seasonal climate predictions (currently largely based on ENSO phenomena},
where such predictions can be made with reliability, can allow management to
adapt judiciously to climate change. Management/climate predictor links are an
important and growing part of agricultural extension in both developed and
developing countries (Nicholls and Wong, 1990).

3.8

Animal agriculture and climate change

Climate affects animal agriculture in four ways: through (1} the impact of
changes in livestock feedgrain availability and (Kane et al., 1993; Rosenzweig and
Parry, 1994); (2) impacts on livestock pastures and forage crops (Easterling et al.,
1993; McKeon et al., 1993); (3) the direct effects of weather and extreme events on
animal health, growth and reproduction (Rath et al., 1994); and (4) changes in the
distribution of livestock diseases (Stem, 1988).
Generally, the impacts of changes in feedgrain prices of forage production on
livestock production and costs are moderated by the markets. Impacts of changes in
feedgrain supply on the supply of meat, milk, egg and other livestock products in terms
of price increase is substantially less than the initial feedgrain price stock (Reilly et al.,
1994). Bowes and Crosson (1993) demonstrated the importance of feed exports or
imports into a region in determining downstream impacts on livestock and meatpacking
industries. lt was also found that, for developing country, agriculture, livestock are a
better hedge against losses than are crops because animals are better able to survive
extreme weather events such as drought. The relatively lower sensitivity of livestock to
climate change is also documented for the historical case of the U.S. Dust Bowl
experience of the 1930s (Waggoner, 1993).
The impact of climate on pastures and unimproved rangelands may include
deterioration of pasture quality toward poorer quality, subtropical (C 4 ) grasses in
temperate pastoral zones as a result of warmer temperatures and less frost, or
increased invasion of undesirable shrubs, but also potential increase in yield and
possible expansion of area if climate changes is favourable and/or as a direct result of
increasing (C02) (Salinger and Porteus, 1993; Campbell et al., 1995).
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Heat stress has a variety of detrimental effects on livestock (Furquay, 1989),
with significant effects on milk production and reproduction in dairy cows (Orr et al.,
1993). Swine fertility shows seasonal variation due to seasonal climate variability
(Ciaus and Weiler, 1987). Reproductive capabilities of dairy bulls and boars and
conception in cows are affected by heat stress.
Various studies suggest that warming in the tropics and in the subtropics during
warm months affects livestock reproduction and production negatively (e.g. reduced
animal weight, decreased dairy production, and less feed conversion efficiency)
(Kiinedist et al., 1993; Rath et al., 1994). Results are however mixed for impacts in
temperate and cooler regions: forage-fed livestock generally do better (due to more
forage) but more capital intensive operations, like dairy are negatively affected (Baker
et al., 1993; Klinedinst et al., 1993). Warming during the cold periods for temperate
areas may be beneficial to livestock production due to reduced feed requirements,
increased survival of young calves and lower energy costs.
Impacts may be relatively minor for livestock production systems (e.g. confined
beef, dairy, poultry, and swine) because such systems control exposure to climate and
provide opportunity for further controls (e.g. shading, wetting, and increasing air
circulation, air conditioning and alterations of barns and livestock shelters). Livestock
production systems that do not depend primarily on grazing are less dependent on local
feed sources and changes in feed quality can be corrected through feed supplements.
The fact that livestock production is distributed across diverse climatic conditions from
cool temperate to tropical region provides evidence that these systems are adaptable to
different climates.
Many studies of climate and weather impacts on livestock find that the principal
impacts are an increased role for management, adoption of new breeds in some cases
where climate changes are moderate (for example, Brahman cattle and Brahman
crosses are more heat- and insect resistant than breeds now dominant in Texas and
Southern Europe) and introduction of different species in some cases of extreme
weather changes (Rath et al., 1994).

3.9

Adaptations and adjustment for livestock due to climate change

The importance of adaptations and adjustments by livestock producers is often
overlooked when assessing the impact of global warming on agriculture resulting in an
overestimation of the impacts (Easterling et al., 1989), Hahn (1990) pointed to the
importance of animal adaptations and adjustments by livestock producers in
determining the actual impact of global warming. These adjustment and adaptations
can be simple farm-level changes, or they can be broader institutional-level policy
changes. These adaptations are beneficial to the agricultural community as a whole, but
may involve significant dislocation costs (e.g. moving to a cooler location, applying
environmental modification etc.) for certain livestock producers. Milk production
declines, predicted under global warming conditions, may be reduced because of the
effect of possible adaptations by animals and genetic selection for heat tolerant animals
by producers. Systems with significant management intervention via, for instance,
forage and animal germplasm improvement or irrigation will provide opportunities for
adaptation to meet changing environmental conditions. Research is needed to prepare
adaptive strategies to cope with the interactive effects of changes in such conditions. In
order to survive in adverse environment with recurring drought due to climate change
adaptation options such as mobile livestock management, strategies largely determined
by available water resources, replacement of cattle by goats, expansion of arable
farming etc. may be beneficial. In fact agriculturists modify their management practices
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to adapt to changing climate conditions. Strategic options in this case include varying
stocking rates, timing of grazing and genotypes and species of grazers.
Implications for livestock can be enormous regarding changes in climate
patterns in rangeland and arid zones. In view of the fact that livestock breeding plays a
primary role in the economical structure of arid zones, and the fact that frequent
droughts cause considerable losses of animals due to scarcity of fodder, it is virtually
important to supplement pasture amelioration with fodder trees and shrubs. They will
not only supply food for animals during critical periods but also serve as shelter from the
sun and facilitate more homogeneous grazing of the pasture. Fodder trees and shrubs
also create a microclimate more favourable for regrowth of grass spoiled due to dry
conditions.
Pasture management under changing climate is another effective technique
which also includes lowering the livestock grazing pressure on pastures and create
specialized fodder growing farms. Research on amelioration, management and use of
pastures revealed that simple fencing out is capable of increasing pasture grass yields
two folds in three years. Soil and water retention is extremely important. Contour
ploughing on soils of wavelike relief allows one to increase the yield of grass biomass
dramatically. Contour furrows (approximately 60 cm in width, 25 cm in depth cut with an
interval of 8 to 10 m transversing the slope) yield an enormous increase of grass
biomass; controlled pastures should be wire-fenced to protect it from low grazing.

3.10

The socio-economic capability to adapt

While identifying many specific technological adaptation options, Smit (1993)
concluded that necessary research on their cost benefit ratio and difficulties
encountered in adoption had not yet been conducted.
One measure of the potential for adaptation is to consider the historical record
on past adoption of new technologies. Adoption of new or different technologies
depend on many factors: economic incentives, varying resource and climatic conditions,
the existence of infra-structure (e.g. transportation systems and markets), the
availability of information and the economic life of equipment and structures (e.g. dams
and water supply systems) (IPCC, 1996a).
Specific technologies only can provide a successful adaptive response if they
are adopted in appropriate situations. A variety of issues has been considered
including land -use planning, watershed management, disaster assessment, port and
rail adequacy, trade policy and the various programs countries use to encourage or
control production, limit food prices and manage resource inputs to agriculture (Singh,
1994). For example, studies suggest that current agricultural institutions and policies in
the United States may discourage farm management adaptation strategies, such as
altering crop mix, by supporting prices of crops not well suited to a changing climate,
providing disaster payments when crops fail, or prohibiting imports through import
quotas and trade barriers (Lewandrowski and Brazee, 1993).
Existing gaps between maximum yields and the average farm yields remain
unexplained, but many are due in part to socio-economic considerations (Oram and
Hojjati, 1995; Bumb, 1995); this adds considerable uncertainty in estimating potential
for adaptation, particularly in developing countries. For example, Baethgen (1994)
found that a better selection of wheat variety combined with improved fertilizer inputs
could double the yields in Uruguay to 6 T/ha under the current climate with current
management practices. Under the United Kingdom Met Office climate scenario, yields
fell to 5 T/ha - still well above 2.5-3.0 T/ha currently achieved by farmers in the area.
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On the other hand, Singh (1994) concludes that the normal need to plan for storms and
extreme weather events in Pacific island nations creates significant resiliency. Whether
technologies meet the self-described needs of peasant farmers is critical in their
adaptation (Caceres, 1993). Other studies document how individuals cope with
environmental disasters, identifying how strongly political, economic, and ethnic factors
interact to facilitate or prevent coping in cases ranging from the Dust Bowl disaster in
the United States to floods in Bangladesh to famines in the Sudan, Ethiopia, and
Mozambique (McGregor, 1994). These considerations indicate the need for local
capability to develop and evaluate potential adaptations that fit changing conditions
(COSEPUP, 1992). Important strategies for improving the ability of agriculture to
respond to diverse demands and pressures, drawn from past experience to transfer
technology for agricultural development are listed below (IPCC, 1996a):
a)

Improved training and general education of populations dependent on
agriculture, particularly in developing countries where education of rural
workers is currently limited. Agronomic experts can provide guidance on
possible strategies and technologies that may be effective. Farmers
must evaluate and complete these options to find those appropriate to
their needs.

b)

Identification of the present vulnerabilities of agricultural systems, causes
of resource degradation and existing systems that are resilient and
sustainable. Strategies that are effective with current climate variability
and resource degradation, also are likely to increase resilience and
adaptability to future climate change.

c)

Agricultural research centres and experiment stations can examine how
far present farming systems are resilient to extremes of heat, cold, frost,
water shortage, pest damage, and other factors and test the new farming
strategies when they are developed to meet changes in climate,
technology, prices, costs, and other factors.

d)

Interactive communication that brings research results to farmers and
farmers' problems is an essential part of the agricultural research system.

e)

Agricultural research provides a foundation for adaptation. Genetic
variability for most major crops is wide relative to projected climate
change. Preservation and effective use of this genetic material would
provide the basis for new variety development. Continually changing
climate is likely to increase the value of networks of experiment stations
that can share genetic maternal and research results.

f)

Food programs and other social security programs would provide
insurance against local supply changes. International famine and hunger
programs need to be expanded and strengthened.

g)

Transportation, distribution, and market integration provide the
infrastructure to supply food during crop shortfalls that might be induced
in some regions because of climate variability or worsening of agricultural
conditions.

h)

Existing policies may limit efficient response to climate change. Changes
in policies such as crop subsidy schemes, crop insurance, land tenure
systems, water pricing and allocation, could increase the adaptive
capability of agriculture.
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Many of these strategies will be beneficial regardless of how or whether climate
changes. Building the capability to detect change and evaluate possible responses is
fundamental to successful adaptation
3.11

Research Needs

The continuing uncertainty in projections suggests three critical, high-priority research
needs:
•

•

•

Development and broad application of integrated agricultural modeling
efforts particularly applicable at the regional scale, including increased
attention to validation, testing, and comparison of alternative approaches.
Climate effects on soils and plant pests, consideration of other
environmental changes, and adaptation options and economic responses
should be an integrated part of the models rather than treated on an ad hoc
basis or as a separate modeling exercise. Inclusion of these multiple, joint
effects may significantly change our "mean,' estimate of impact. More
careful attention to validation may help to reduce the range of estimates for
specific regions and countries across different methodologies.
Development of the capability to readily simulate agricultural impacts of
multiple transient climate scenarios. Study of the sensitivities of agriculture
to climate change and the impacts of doubled- C02 equilibrium. Scenarios
have not led to the development of methods that readily can be applied to
transient climate scenarios. To deal credibly with the cost of adjustment,
the process of socio-economic adjustment must be modelled to treat key
dynamic issues such as how the expectations of farmers change, whether
farmers can easily detect Climate change against a background of high
natural variability etc. The ability to readily simulate effects under multiple
climate scenarios is necessary to quantify the range of uncertainty.
Evaluation of the effects of variability rather than changes in the "mean"
climate, and the implication of changes in variability on crop yields and
markets. Extreme events have severe effects on crops, livestock, soil
processes and pests. The more serious human consequences of climate
change also are likely to involve extreme events such as drought, flooding,
or storms, where agricultural production is severely affected.

4.

Impact of climate change on fisheries and adaptive strategies

4.1

Introduction

The biological relationships between fisheries and other aquatic biota and the
physiological responses to climatic change are rather complex and are not yet well
understood. One result on which there is unanimity among the scientific community is
like other biotic systems; climatic change is bound to affect aquatic world too.
Regionally, gain or losses in freshwater fisheries will depend on changes in the amount
and timing of precipitation, on temperature and on the ability of species towards
tolerance.
Positive factors associated with greater warming and precipitation at higher
latitudes include faster growth and maturation rates, lower winter mortality rates due to
cold or anoxia and expanded habitats with ice retreat. On the contrary, changes in
temperature, winds, ocean currents, salinity and other physical parameters may affect
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fisheries in the oceans. With warmer water, larger fish tend to move to cooler or more
offshore and higher cooler latitude portions of their habitat (Sharp, 1994).
4.2

Impact of climate change on fisheries and aquaculture

Climate-change effects will interact with stresses on fisheries, including
pervasive overfishing, diminishing nursery areas, and extensive inshore and coastal
pollution. Overfishing stresses fisheries more than climate change today, but if fisheries
management improves and climate changes develop according to IPCC scenarios,
climate change may become the dominant factor by the last half of the next century.
Although marine fisheries production will remain about the same globally,
projections indicate that higher latitude freshwater and aquaculture production will
increase. This assumes, however, that natural climate variability and the structure and
strength of ocean currents remains unchanged. An alteration in either is bound to have
significant impacts on the distribution of major fish stocks, rather than on global
production. Positive effects (e.g., longer growing seasons, lower natural winter
mortality, and faster growth rates in higher latitudes) may be offset by negative factors
such as changes in established reproductive patterns, migration routes, and ecosystem
relationships.
Climate change can be expected to have the greatest impact on the following (in
decreasing order): (i) freshwater fisheries in small rivers and lakes in regions with larger
temperature and precipitation change; (ii) fisheries within exclusive economic zones,
particularly where access regulations artificially reduce the mobility of fisher groups and
fishing fleets, thus their capacity to adjust to fluctuations in stock distribution and
abundance; (iii) fisheries in large rivers and lakes; (iv) fisheries in estuaries, particularly
where there are species without migration or spawn dispersal paths, or estuaries
affected by sea-level rise or decreased river flow; and (v) high-seas fisheries. Where
rapid change occurs due to physical forcing (e.g., changes in currents and natural
variability), production will usually favour smaller, low-priced, opportunistic species that
discharge large numbers of eggs over long periods. Loss of coastal wetlands could
cause a loss of nurseries and have significant adverse effects on fisheries.
If institutional mechanisms do not enable fishers to move across national
boundaries, some national fish industries may suffer negative effects. Subsistence and
other small-scale fishers, often the most dependent on specific fisheries, will suffer
disproportionately from changes. Several adaptation options exist. These include
improved management systems, ecological and institutional research, and expansion of
aquaculture.
Global warming will likely cause collapses of some fisheries and expansions of
others. lt may be one of the most important factors affecting fisheries in future. The
level of impact will vary widely and will depend on the complexity of each ecosystem,
the attributes and adaptability of each species, and the nature of human communities
that depend on them. Defining these contexts is the key of understanding and
preparing for climate changes. If climate change occurs on the scale indicated by
GCMs, we can expect significant effects, both beneficial and destructive on the
distributions and productivity of valuable regional fisheries and the local industries
associated with them (Healey, 1990).
Recent growth in total fisheries production is from aquaculture. Aquaculture has
grown rapidly during the last few decades and accounts for about 10 % of the total
world fish production, mostly of higher value products. Aquaculture contributes to the
resiliency of the fisheries industry, tending to stabilize supply and prices.
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The effects of climate change on aquaculture generally will be positive - through
faster growth, lower winter mortality rates, and reduced energy costs in shore-based
facilities (Smit, 1993). Nearshore warming could result in increased production in
higher-latitude fish farming operations because of the prolonged availability of nearly
optimum air and water temperatures (McCauley and Beitinger, 1992). With expanded
regions of warmer water, the economic incentive to develop cultivation of temperate
and subtropical species could develop.
Major areas with winter ice cover could
become ice-free (Frank et al., 1988). A decrease in ice cover could substantially relax
the geographic limits for commercial operations for species such as salmonids, oysters
and scallops. Winter temperatures could move above the lower lethal limit for salmonids
and allow their aquaculture to expand into Northern Nova Scotia into the Gulf of St.
Lawrence.
Other cultured species may increase in productivity with warmer
temperatures, through greater spawning success and higher growth rates, if salinity
regimes and disease agents do not become limiting (Frank et al., 1990).

4.3

Adaptation Options

Any future adaptations in fish culture must be matched with the concept of an
already highly stressed ecology and the inherent volatility of fisheries. Further,
coincident problems such as pollution, resource degradation, and sea-level rise (or
subsidence) also must be addressed.
There is a danger that if climate-change alterations are slow, inexorable, and
generally irreversible, impacts resulting from climate change may not be recognised in
time. Alternatively, abrupt shifts in climate-influenced factors may be too limiting for fish
species acclamation or management adjustment. Some fisheries involve high capital
investment, and others are very important to whole coastal communities. To minimize
economic and social disruption, the possibility of permanent long-term changes in the
regional availability of traditional fish stocks must be anticipated and new management
philosophies developed. Local fishery managers also need to anticipate and take
advantage of short-lived benefits (Sharp, 1991). As in any stock management planning,
managers must recognise the need for flexible approaches and for greater foresight
when establishing policies.
The faster the rate of climate changes, the more difficult will be adjustments in
human systems. Surprises and divergences from the predicted scenarios are to be
expected and must be anticipated by resource and community managers. Preparation
for the unexpected is important. In general, technological innovations are developed
faster than those of a biological or societal nature. Cultural attitudes, which are critical
for the adoption of institutional innovations, have the greatest inertia.
Fisheries strategies should concentrate on those that are compatible with sound
conservation principles and are beneficial for reasons other than climate change and
make sense in their own right; are economically efficient and cost-effective; serve
multiple purposes and flexible enough to change with new knowledge; are compatible
with sustainable economic growth; and are administratively practical (IPCC, 1990).

4.3.1

Fisheries

Adaptation to existing climate variability may demonstrate ways to deal with
climate change. A Canadian report (Smit, 1993) offers enough insights to this scenario.
In the short term, the timing of fishing and tasks such as trip preparation and
maintenance, are adjusted to match the weather. Most full-time fishing interests also
gear to allow flexibility in the species and locations fished. The vulnerability of
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communities to varying stocks, intense fishing pressure, and inappropriate government
policies is graphically apparent with the current Canadian moratorium on northern cod,
whose stock abundance and distribution may be partly related to water temperature and
salinity (Smit, 1993; Mann and Drinkwater, 1994).
The policy lesson here is that government fisheries managers should not lock
fishing interests into narrow full-time activity within a single fishery. Flexibility in fishing,
plus seasonal shifts to other sectors, will be a valuable approach to minimizing climatechange impacts, as long as fishing capacity is consistent with the resource base.
Climate change increases society's need to quickly adjust labour and capital to
fish productivity. To have efficient fisheries, the capacity to control human inputs should
precede and anticipate the development of technological intensification. This
prescription is a typical of societal response.
Management systems developed when resources were not under intense fishing
or environmental threat have become adapted to resource scarcity. In traditional
systems, resource access was regulated through the social structure of rural
communities. These systems lose their effectiveness as population pressure and
resource uses intensify. They are being supplemented by central legislation, with
attendant lag times in addressing problems.
These formal regulatory systems have also tended to become ineffective as the
need for harvest rationing increases. As resources approach their production limits,
administrators and producers have maintained the status quo even at the cost of
greater economic inefficiency and over fishing. To function most effectively, economic
systems need proper institutions (e.g., a market for pricing, harvest rights etc).
There may be several adaptation strategies as given below:
1.

2.

3.

4.

Develop international agreements for ecosystem research and
management and for stock allocation before stocks of fish move due to
climate changes. The dramatic decadal fluctuations in marine fisheries
yields, considered in light of climatic change concerns should accelerate
the adoption of large marine ecosystems as the appropriate units for
fisheries research and management (Talbot et al., 1994). Some postUnited Nations Conference on Environment and Development (UNCED),
ecosystem-scale research programs are already being implemented
(AAAS, 1993). These programs are designed to couple recent advances
in ecological monitoring, management, and stress mitigation strategies
with needs in developing countries (AAAS, 1991).
Modify and strengthen fisheries management policies and institutions
and associated fish population and catch-monitoring activities. In some
areas, it takes many years to develop and implement changes in
fisheries policies, even after the institutions are established.
In coastal planing and environmental decision-making, a healthy
environment which is a prerequisite for any healthy ecosystems should
be given due weightage.
Preserve and restore wetlands, estuaries, floodplains, and lowlands
which are essential habitats for most fisheries. Co-operate more closely
with forestry, water, and other resource managers because of the close
interaction between land cover and maintenance of adequate fishery
habitat. The adequacy of management practices in all sectors affecting
fisheries (e.g., water resources, coastal management) needs to be
examined to ensure that proper responses are made as climate changes.
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5.

6.
7.

8.

9.
10.

11.

12.

13.

14.

Monitor and ensure that the habitat needs of marine mammals (as they
shift to remain in an optimum environment) are considered from the
standpoints of coastal planning and ocean pollution control.
Promote fisheries conservation and environmental education among
fisherman worldwide.
Be alert to possible increased health problems caused by biotoxins and
the release of pollutants from a rising sea level. In this matter industry
and seafood-safety agencies should take the lead. Take measures to
prevent the introduction of undesirable organisms as climate changes.
Tailor institutional innovations to ecological, technical, economic, and
social features. Large-scale and small-scale production systems, in
particular, require different regulatory arrangements.
There is no
standard institutional solution.
Adapt to fish redistribution with faster vessels, portable processing plants
and other onshore infrastructure and on-board processing.
Construct and maintain appropriate infrastructure for storm forecasting
(which incidentally is already available in a number of countries),
signalling systems and safe refuges for dealing with possible rising sea
level and increased storminess.
Take advantage of reduced need for ice strengthening of vessels and
infrastructures in a warmer climate, except perhaps for areas with
increased icebergs.
Foster interdisciplinary research, with scientists meeting periodically to
exchange information on observations and research results, and meeting
with managers to ensure the proper interpretation of results and the
relevance of research.
In cases of species collapse and obvious ecosystem disequilibrium,
restock with ecologically sound species and strains as habitat changes.
Great care is needed to avoid long-term ecological damage.
Consider, cautiously, the use of hatcheries to enhance natural
recruitment when climate causes stocks to fall below the ecosystem
carrying capacity for a given species. Such enhancement might increase
stock productivity and enable the colonization or recolonization of newer
areas (e.g. Peterman, 199 1). Conversely, injudicious use may alter or
impoverish the biodiversity and genetic pool of resources and possibly
transmit parasites and diseases (Barg, 1992). Research on identifying
warm-water species with wide temperature tolerances also could be
useful.

4.3.2 Aquaculture
Development of aquaculture will make coastal communities better able to deal
with uncertainties of climate change (Smit, 1993). In adapting to climate change,
aquaculturists should consider the following:
•
•
•
•
•

Warming will mean generally longer growing seasons and increased
rates or biological processes and often of production.
Warming will require greater attention to possible oxygen depletion.
In some areas, the species grown may have to shift to those more
tolerant of warmer and perhaps less-oxygenated waters.
Coastal culture facilities may need to consider the impacts of sea-level
rise on facilities and the freeing of contaminants from nearby waste sites.
Precipitation, freshwater flows, and lake levels will likely change. Strong
regional variations are also likely. Warming waters could introduce
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•
•
•

4.4

disease organisms or exotic or undesired species before compensating
mechanisms or intervention strategies have become established.
Less ice cover and thinner ice will generally mean less ice damage to
facilities and a longer season for production and maintenance.
Covering culture tanks, or keeping them indoors under controlled light,
may be needed more often to protect larvae from solar UV-B.
Several of the above and other factors, such as competing demand for
coastal areas, may call for technological intensification in ponds and noncoastal facilities.

Adaptation Constraints

Technology, trade, and industry change rapidly to take advantage of new
situations and adapt to those that are adverse. The success of such strategies derive
from their abilities to adapt rapidly to opportunities and dangers, but those adversely
affected by climate change may not be in a position to take advantage of opportunities.
Changes in fisheries institutions generally result from crises, yet impacts from a
changing climate may be too gradual to trigger needed responses from these
institutions-as evidenced by the failure of most governments to respond to the profound
impact of the 1976-77 climate change event on Pacific fisheries over the last 20 years
(Beamish, 1993). Nations that do not strongly depend on fisheries may react slowly.
Also, negative actions such as polluting and overfishing add stress to fish stocks and
may reduce society's options.

4.5

Research and Monitoring Needs

Information is most valuable if there are institutions and management
mechanisms to use it. Research on improved mechanisms is needed so that fisheries
can operate more efficiently with global warming as well as in the naturally varying
climate of today. Presently there is relatively little research underway on such
mechanisms. While useful inferences can be made about global-change impacts on
fisheries, GCMs are inadequate to forecast changes at the regional scale-and even
more so at the smaller scales of the spawning and nursery areas that are critical in the
relationships between environment and fish populations (Sinclair, 1988).
Knowledge of the reproductive strategies of many species is poor, but interest
has been growing rapidly. Several international, broad-scale research programs are in
place, some of which are aimed at providing a scientific basis and linkage to ecosystem
sustainability programs (Wu and Qiu, 1993). The growing interaction between funding
agencies, marine ecologists, and socio-economic interests marks an important step
toward realization of the UNCED declaration aimed at reversing the declining condition
of coastal ecosystems and enhancing the long-term sustainability of marine resources.
The following lists focus on items needed specifically because of climate change.
Other types of research, which are prerequisites for dealing with such concerns but
which support the day-to-day needs of fisheries managers or relate more to
understanding how ecosystems function, are not included.
•

Determine how fish adapt to natural extreme environmental changes or
latitudinal transitions, how fishing affects their ability to survive
unfavourable conditions and how reproduction strategies and
environments are linked. Link fishery ecology and regional climate
models to enable broader projections of climate change impacts and
improve fishery management strategies. At present both of these model
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•

•
•

•
•

types are in their infancy for application to fisheries and require
considerable additional specificity in addition to linking with other models.
Inter-mix regional and multinational systems to detect and monitor
climate change and its impacts - building and integrating existing
research programs. Fish can be indicators of climate change and
ecological status and trends (Sharp, 1991 ). Assemble baseline data now
so comparisons can be made later (Sharp, 1989}.
Develop ecological models to assess multiple impacts of human activities.
Separate appraisal of individual impacts is no longer sufficient.
Assess the effect of accrued global changes by compiling and analysing
regional data sources-globally containing information on fisheries
distributions and the associated environment, to detect consistent trends
over the last century and determine how societies have been dealing
with these changes.
Determine the fisheries most likely to be impacted and develop
adaptation strategies.
Assess the potential leaching of toxic chemicals, viruses, and bacteria
due to sea-level rise and how they might affect both fish and the seafood
supply.

5.

Climate change impacts on forests and adaptation strategies

5.1

Introduction

Global wood supplies during the next century may become increasingly
inadequate to meet projected consumption due to both climatic and non-climatic factors.
Assuming constant per capita wood use, analysis of changing human populations
suggests that the annual need for timber will exceed the current annual growth
increment of 2 % by the year 2050. However, growth could increase slightly from
warming and enhanced atmospheric C02 concentrations, or decrease greatly from
declines and mortality of forest ecosystems brought on both by climate change and
human intervention.
Tropical forest product availability appears limited more by changes in land use
than by climate change. Projections indicate that growing stock will decline by about
half due to non-climatic reasons related to human activities. This projected decline
holds up even after calculating changes in climate and atmospheric composition during
this period, which could increase forest productivity and the areas where tropical forests
can potentially grow. Communities that depend on tropical forests for fuel-wood,
nutrition, medicines, and livelihood will most feel the effects of decline in forested area,
standing stock, and bio-diversity.
Temperate-zone requirements for forest products could be met for at least the
next century. This conclusion emerges from projected climate and land-use changes
that leave temperate forest covering about as much land in the middle of next century
as today. lt further assumes that current forest harvests increase only slightly, that the
annual growth increment remains constant, and that imports from outside increasingly
meet the temperate zone's need for forest products. Although it is not yet clear if this
assumption can be met given production projections in other zones.
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5.2

Climate change and forests

Climate change affects forests on spatial scales ranging from leaves to the
canopy and on temporal scales from minutes to centuries. The relevant climatic
changes occur at all levels from short-term weather fluctuations creating disturbances
(such as frosts) to longer-term changes in average climatic conditions (such as
moisture availability or the length of the growing season). Current climate models
(GCMs) do not fully match these levels, since they are best at simulating average
conditions at a relatively coarse spatial resolution and are usually not yet run for longer
than a century. Most transient changes in the structure of forests, such as the decline
of certain tree species are driven by a combination of climatic changes and are modified
by local, biological interactions acting on temporal scales ranging from months to
centuries. lt is currently very difficult therefore, to assess the likely rates of climate
driven transient changes in forests.
Boreal forests are likely to undergo irregular and large-scale losses of living
trees because of the impacts of projected climate change. Such losses could initially
generate additional wood supply from salvage harvests, but could severely reduce
standing stocks and wood-product availability over the long term. The exact timing and
extent of this pattern is uncertain. Current and future needs for boreal forest products
are largely determined outside the zone by importers; future requirements for forest
products may exceed the availability of boreal industrial round-wood during the 21st
century, given the projections for temperate- and tropical-zone forest standing stocks
and requirements.
5.2.1

Sensitivities to expected climate change

Forests are highly dependent on climate in their function (e.g., growth} and
structure (e.g., species composition). Distribution of forest cover is generally limited by
either water availability or temperature. The ratio of actual evapotranspiration (the
amount allowed by available precipitation) to potential evapotranspiration (the amount
the atmosphere would take up if soil moisture were not limiting) determines the
maximum leaf area index that can be supported (Woodward, 1987). Forests are also
usually absent where the mean temperature of the warmest month falls below 10°C
(Koppen, 1936) or where the temperature sum i.e. day degree above a 5°C threshold is
less than 350 degree-days (Prentice et al., 1992).
The survival of many tree species depends critically on temperature thresholds
ranging from + 12° C to -60° C (Prentice et al., 1992). Many species have narrow
temperature niches for growth and reproduction. A sustained increase in mean annual
temperature of 1°C may cause significant changes in the species composition of stands
and hence the distribution of many tree species (Davis and Botkin, 1985). Trees are
also sensitive to changes in water availability during the season, and leaf area indices,
volume growth, and the range boundaries of most tree species are strongly related to
water availability (Austin et al., 1990; Stephenson, 1990).
In addition to thresholds for growth, reproduction, and survival at a given site,
there are limitations to the rate at which species can migrate. Current projected rates of
climatic change may exceed these thresholds. Climatic warming and associated lower
humidities and increase in the frequency and severity of droughts would increase the
incidence and severity of wildfires, especially in the boreal region. Changes in fire and
storm frequencies are likely to have major impacts on the cover, composition, agedistribution and biomass of forests.
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5.3

Forests in a changing climate

For a detailed assessment of the effects of a changing climate on forest
ecosystems, it is necessary to investigate this response to the simultaneous changes in
several climatic variables (e.g., temperature, moisture availability and ambient C02
concentrations). At the ecophysiological level, plant organs like stomata and leaves
respond almost instantaneously to their environment. This mainly affects forest
functions, such as net primary productivity. Such structural aspects as leaf area may
respond over a number of years, whereas others, such as species composition, may
take centuries to respond to altered conditions. Typically, each species or plant
functional type (PFT) is affected differently by climatic change: Some species or PFTs
will remain unaffected, some will become more and others less competitive (Smith et al.,
1993).
Landscape-scale processes such as the lateral interactions between
neighbouring patches (e.g., migration or fire) play an important role for possible
changes in the local to regional pattern of many forest ecosystems. However, they
become less relevant when aggregated to national and continental assessments. At
the global level, it is currently possible to investigate only how climatic change might
affect the potential geographic equilibrium distribution of biomass i.e. biogeographic
regions (Prentice et al. 1992), or to study the major fluxes of trace gases into and out of
these biomass (Melillo et al., 1993; Plochl and Cramer, 1995).
The current models can be used with climatic inputs generated by general
circulation models (GCMs) for future climate scenarios, including regionally
differentiated, high-resolution scenarios (Gyalistras et al., 1994). However, current
understanding of the physical and biological interactions between environment and
organisms is still rather limited, so these techniques enable us only to project future
responses and scenarios and not to make precise forecast.

5.4

Adaptation

Forests themselves may to some extent acclimate or adapt to new climatic
conditions, as evidenced by the ability of some species to thrive outside their natural
ranges. Also, elevated CO, levels may enable plants to use water and nutrients more
efficiently (Luo et al., 1994). Nevertheless the speed and magnitude of climate change
are likely to be too great to avoid some forest decline by the time of a C02 doubling.
Consideration may therefore be given to human actions that minimize
undesirable impacts. Special attention may be given to specialists, species with small
populations, endemic species with a restricted range, peripheral species, those that are
genetically impoverished, or those that have important ecosystem functions (Davis and
Zabinski, 1992; Franklin et al., 1992). These species may be assisted by providing
natural migration corridors (e.g., by erecting reserves of a north-south orientation), but
many may eventually require assisted migration to keep up with the speed with which
their suitable habitats move with climate change. Some mature forests may be assisted
by setting aside reserves at the pole-ward border of their range, especially if they
encompass diverse altitudes, and water and nutrient regimes (Peters, 1992; Myers,
1993), or by lessening pollutant stresses and land-use changes that result in forest
degradation (Vitousek, 1994; Daily, 1995).
Effective options for adapting to and ameliorating potential global wood supply
shortages include the following:
•

In the tropics, adaptation should include developing practices and policies that
reduce social pressures driving land conversion (e.g., by increasing crop and
livestock productivity) and by developing large plantations.
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•

•

5.4.1

In temperate areas, application of modern forestry practices to reduce harvest
damage to ecosystems combined with the substitution of non-timber products,
could reduce significantly the effect of climate on wood availability.
In boreal regions, adaptation to potential climate induced, large-scale
disturbances-such as by rapid reforestation with warmth-adapted seeds-appears
to be most useful. Increased prices for forestry products seem certain to lead to
adaptation measures that will reduce demand, increase harvest and make - tree
plantations more economically feasible.

Adaptation to gradual change

As forests become scarcer, increasing amounts of fuel-wood may be derived
from trees planted on private land. Countries that face fuel-food or charcoal shortages
and cannot afford or do not want to switch to imported fossil fuels could develop smallscale projects to test the feasibility of new biomass conversion and production
techniques. Adaptation will be especially necessary in areas with low land availability
or low growth potential like in arid and semi-arid regions. Biofuel supply from trees,
shrubs, grass or crop residues can be increased or maintained by the following means.
•
•

•

•

5.4.2

Better management of natural resources by giving local populations a stake in
sustainably grown forests (Bertrand, 1993)
Planting more trees on agricultural land and establishing better prices for
biofuels derived from these plantations to provide rural incomes and incentives
to grow more biomass.
Carrying out research to identify higher yielding species, preferably trees and
shrubs, that are easy to propagate and are better adapted to extreme conditions
like droughts and acidic or saline soils (Riedacker et al., 1994).
Increasing the productivity of agricultural land.

Adaptation and Coping Options

In the short term, timber supplies from all zones can be readily assured in
intensively managed forests. The use of forest plantations to mitigate increasing
atmospheric C02 and to generate fuels from biomass is a subject of immense interest.
Unfortunately, past intensive management, especially fire suppression and tree
selection at species and intra-specific levels, has created forests that now may be more
vulnerable to fire, pests, and pathogens (Schowalter and Filip, 1993), although others
dispute this conclusion. Given the current degree of uncertainty over future climates
and the subsequent response of forest ecosystems, adaptation strategies (those
enacted to minimize forest damage from changing environment) entail greater degrees
of risk than do mitigation measures (those enacted to reduce the rate or magnitude of
the environmental changes) (IPCC, 1996a).

5.4.2.1 Harvest Options
Certain standard harvest options appropriate for ameliorating effects of climate change
are suggested (IPCC, 1996a):
•

Sanitation Harvests - Increased timber losses are expected from pests,
diseases, and fire because the trees themselves may be stressed by
warmer conditions and the large moisture deficits expected to accompany
warming and land clearance for tropical agriculture. Extensive sanitary
felling can produce large volumes of timber reducing revenue per unit of
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•

•

•

wood and reducing incentives for intensive management, while disrupting
future timber availability.
Changing HaNesting Method - Harvesting and even site preparation are
quite dependent on cold winters in northern regions where forests occur
on predominantly swamp lands that can only be accessed when frozen
(Pollard, 1987). Use of ecosystem protection approaches (Ciark and
Stankey, 1991) can be particularly useful in light of multiple-use needs in
temperate and boreal regions and the need for mixes of species and ages
in all zones to prepare for several different outcomes of environmental
change.
Shortening Rotations - Reduction of rotation age is a simple method for
reducing exposure of maturing timber stocks to deteriorating conditions,
as well as increasing opportunities for modifying the genetic make up of
the forest. Gains may be offset by diminished timber quality, lower mean
annual increment and impacts on other values such as certain game
species and aesthetic qualities. Short-rotation plantations in tropical
regions are an important option in meeting local fuel wood needs,
coincidentally relieving pressure to harvest more pristine forests.
Increased Thinning - The stimulation of tree vigour following stand thinning
has special application under increasing moisture deficits.
The
modification of forest microclimate by thinning offers considerable potential
for the management of pests (Paine and Baker, 1993).

5.4.2.2 Establishment Options

Establishment options that can be quite effective in reducing effects of climate
change are selected from common silvicultural practices:
•

Choice of Species in Anticipatory Planting - Mixed species for current
planting should be considered wherever possible, as a means to increase
diversity and flexibility in adaptive management. Critical non-timber values
such as snow retention, soil stability, water quality, and carbon storage
should be taken into account.

•

Vulnerability of Young Stands in Anticipatory Planting - The planting of
species and varieties better adapted to future conditions may well increase
vulnerability of the resulting stands during their early establishment.
Selection of provenance offers an important tactic to reduce the
vulnerability.

•

Assisting Natural Migrations in Protected Areas • Protected areas are the
richest sources of genetic materials and warrant expansion into
comprehensive systems. To be effective they must function in landscapes
where ecological integrity is sufficient to permit the movement of living
organisms; there must be a comprehensive approach to both commodity
and reserved lands (Franklin et al., 1990).

•

Assisting Natural Migration by Transplanting Species - Large number of
seedlings raised in nurseries many hundreds of kilometers from planting
sites can be planted in the millions (Franum, 1992). Optimism must be
tempered by experience, however.
Forest managers have been
attempting to reforest Iceland for the past 50 years without much apparent
success (Loftsson, 1993).
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•

5.5

Gene Pool Conservation - Specialist species (indicated by restricted
geographic ranges} will be most at risk, and their only chance of surviving
may be through conservation in forest reserves, arboreta, and
conventional seed banks and cryogenic storage.

Research Needs

New research products needed to conduct an accurate assessment of socioeconomic impacts of forest responses to climate change have perhaps become obvious
from the foregoing analysis. The assessments are based on quantitative scenarios of
changing availability of and need for forest products and amenities. Validity of
scenarios is critical if they are to function as descriptions of the implications of current
knowledge for future conditions. In all regions, scenarios were found inadequate
because the effects of increasing C02 and forest dieback could not be quantified. In
tropical regions, the scenarios are deemed inadequate because they probably
underestimated the regional and local importance of land use on timber availability. In
temperate regions, the scenarios were incapable of quantifying the buffering effects on
timber needs, offered by shifting technology aimed at product substitution and on
availability by intense mechanical management of forests. In boreal regions, the
scenarios excluded transient responses of timber availability to environmental change
and extra regional responses of timber needs by economic processes, which replace
local forest products demand there. All regions probably will undergo changes that
could not be expected only from the variables considered in this assessment. Thus,
research required for an adequate assessment includes both environmental monitoring
and data collection, and development of models to project future impacts.
Our capability to assess the likely fate of the world's forests under altered
climatic conditions has been limited because the conceptual modeling framework for
such an assessment is still in an early stage of development. lt needs to be refined to
improve the understanding of climate change impacts at the following three levels: (1}
the ecophysiological responses of trees to changing climate and C02 concentrations,
(2} the relationship between tree growth and transient forest dynamics, and (3) the
influence of changing forest characteristics on the global carbon balance and hence
their feedback to the greenhouse effect. The predictive power of current modeling
approaches decreases from (1) to (3) above. A consistent research strategy to
overcome these limitations needs to be accompanied by a monitoring program that can
provide appropriate databases for initialization, calibration, validation, and application of
the models (IPCC, 1996a).

6.

Economic feasibility of Adaptation measures

6.1

Introduction

There are options which, if put into operations, can reduce net carbon emissions
and increase sequestration. Carbon emissions and capture in agriculture can be
brought into balance, but agriculture always remains a net source of N20 and CH 4.
Practices are described here that would reduce these emissions but not eliminate them
altogether. In the case of N20, these practices include changes in the timing and
placement of fertilizer and use of nitrification inhibition and fertilizers that slow down the
release of N. In the case of CH4, these practices include shortening the time during
which paddy plants in field are inundated, altering feeding and animal husbandry
practices to diminish emissions from animal products, and utilizing animal wastes for
biogas production.
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Implementation of these practices will require decisions at different levels. For
example, development of a biofuel industry will require changes in infrastructure, and
national policies. At a different scale and level of decision-making, the rancher can help
reduce CH 4 emissions by providing animals with feed additives. Even the nomadic
herder can do this by providing urea-containing blocks for grazing animals to lick.
lt seems reasonable that the world's farmers, ranchers, and pastoralists will not
volunteer to implement practices proposed to mitigate greenhouse-forced climate
change. This will happen only if the producer is convinced that profitability will increase
if these practices are implemented. Incentives such as subsidies can be created to
encourage their adoption, and penalties for non-adoption can also be imposed.

6.2

Proper pricing of water in Agriculture

Under-pricing of water in agriculture leads to inefficiency in water use, excessive
expenditure on irrigation and a variety of local environmental and social costs, including
soil water-logging and salinization and the degradation of riverrine and estuarine
environments. Irrigation charges in a sample of six developing countries covered only
1-23% of storage and conveyance costs during the 1980s. Charges for federally
supplied irrigation water in the U.S. cover only 5-20% of these costs (Repetto, 1986).
These charges fail to reflect the cost of water in urban and industrial uses, which is
typically an order of magnitude higher than its value in agriculture. When irrigation
water is under-priced, farmers grow more water incentive crops like rice than they
otherwise would have done. These practices in turn increase methane emissions
(Ranganathan et al., 1994). Proper pricing for water could well generate global benefits
as well as significant domestic grains.

6.3

Policies affecting adaptation

The net adverse effects of climate change will depend not only on the extent of
climate change, but also on the extent to which economies are able to successfully
adapt to any future changes. Some of the existing policies and practices may mitigate
against adaptation or increase the vulnerability of some sectors of the economy to
climate change. For example, subsidized drought or flood insurance may encourage
investment in high-risk areas and reduce incentives for self-reliance. Similarly, some
agricultural policies might discourage farmers from shifting to enterprises and
production systems better suited to an altered climate.

6.4

Adaptation policies from economic point of view

lt is important to draw a clear distinction between the costs and benefits of
actions taken to reduce the impacts of climate change and the costs and benefits of
actions taken to reduce emissions. The first reduces the potential damage caused by
climate change directly, whereas the second has the effect of reducing emissions of
greenhouse gases now, which, in turn, will have an impact on future climate. Examples
of adaptation include such actions as increasing irrigation water availability in regions
where the climate has become drier, improving refrigeration to offset the effects of a
warmer climate and relocating economic activities away from the coast where sea
levels has been recently rising. Measuring the cost of adaptation is somewhat
problematic, given that both ecosystems and economic systems are changing all the
time and will, to some extent, adapt autonomously to climate change.
The term "adaptation" may appear confusing because actions falling into this
category could be counted as a cost of climate change. To see why adaptation can
yield a net benefit, consider the problem of estimating the costs of climate change. An
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estimate might be based on the assumption that there will be no adaptation - that is, if
sea level rises by say 50 cm, then all shoreline property less than 50 cm above sea
level will be lost. Alternatively, it might be assumed that there would be some
adaptation - that dikes might be built, for example. The latter response is indeed a cost
of climate change. lt would not need to be taken in the absence of climate change.
However, the response may reduce the damage associated with climate change. If the
reduction in such damage exceeds the costs of adapting, the adaptation should be
undertaken (Frankhauser, 1993).
Unlike the case of abatement of greenhouse gases, adaptation typically involves
private goods. If the climate were to become drier, a demand would be created for
drought-resistant crop varieties, and the firms that developed them would be rewarded
by the market. If climate were to become more variable, then individuals would seek to
insure themselves against such changes. Such responses belong to the realm of the
private sector. However, even when dealing with strictly private goods, there may be a
role for the state. Dasgupta (1993), for example, argues that some assistance should
be given to the assetless in developing countries that are not able to command
sufficient purchasing power to convert their potential labour power into actual labour
power. Such assistance, perhaps in the form of agrarian reform, not only redistributes
income but also results in an increase in the rate of growth of aggregate incomes.
Although such policies are already needed in some countries, the need for them may
be increased in the event of climate change.
However, the principal role for government in the context of adaptation is in
supplying public goods. Public infrastructure projects such as building dikes or funding
resettlement programs are cases in point, as is the funding of public research and
development of carbon-free technologies where there would otherwise be strong freeriding incentives. Furthermore, if there are risks of increased environmental hazards
(drought, flood, fire, famine, and pests) then greater hazard insurance is an appropriate
defensive action.
Any adaptation policies should be designed in concert with mitigation policies.
Both types of policies are aimed at minimising the expected damage from climate
change. Adaptation should be undertaken up to the point where the damage avoided
by an incremental increase in adaptation equals the associated incremental cost.
Abatement should be undertaken up to the point where the reduction in damage
effected by an incremental unit of abatement equals the incremental cost. However,
the two types of policies are not entirely equivalent or complementary. First, the
benefits of adaptation are likely to be felt much more quickly than the benefits of
mitigation and secondly, some types of adaptation policies will not be subject to the
same problems of free-riding as abatement. For example, if a country defends its
shoreline by building seawalls, its own population, in most cases, will receive all the
benefits. This is not true of unilateral abatement.
Recent climate research indicates that local changes in climate may depend not
only on global phenomena such as the increase in atmospheric concentrations of
greenhouse gases but also on local phenomena such as emissions of sulphates. lt
might be argued that sulphate emissions should be reduced to prevent damage from
acid rain, and that policy on sulphate emissions should not be linked to global climate
change policy. However, where local climate can be influenced by local policy, it seems
that such linkages may nevertheless be made, not least because local climate
modifications may be less costly and may not suffer from free-riding problems. To date,
research has not considered the economic and policy implications of local climate
modification.
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6.4.1

Economic feasibility of mitigation efforts
The following are the examples of mitigation efforts:

•

No-till agriculture that increases C storage in the soil is one example of a CHGmitigating practice that meets the criteria for successful, unforced adaptation.
No-till practices are used increasingly in the United States in the production of
corn, soybeans and wheat. No-till accounted for about 10-14% of the total
acreage of these crops in 1992, double what it had been 5 years earlier.

•

Nutrient management practices that result in lower N application should reduce
emission of N2 0. Soil testing, fertilizer placement, timing, class of fertilizer, and
inhibitors arc practices that supply nutrients in better accordance with plant
physiologic demands. These practices are more likely to be economically
feasible on crops that have high N demands (e.g., corn, cotton, and wheat).
Because these practices are already being adopted to some extent, only
minimal programs may be needed to significantly increase their level of use.

•

Reducing the number of days that rice fields are flooded will require large tract
of land and water resource investments to provide extra storage to change time
of flooding. Economic feasibility will be dependent on characteristics of the site.
Such cost estimates will be needed to address financing and repayment of any
structural developments and how such developments change hydrology of water
systems and impact other users. As there are no obvious on-farm benefits, and
there are adoption costs for this practice, institutional intervention to provide
economic incentives requiring the practices would be needed.

•

Increasing quality in livestock feeds is recommended as a means of reducing cH 4
emission of animal product. In developed economics, where there is a high
consumption of red meats and dairy products, most livestock animals already
are fed higher quality roughage and concentrates.
Producers have the
knowledge and technical expertise to improve the quality of feed if it can he
shown to increase their profits. In developing or underdeveloped countries, land
needed for higher-quality roughage production often competes with the food
needs of humans. Livestock rely on crop residue and other coarse roughage
produced on land not suited for more intensive uses. To add concentrates to
feed and to supplement pastures and ranges with improved crop species adds
to production costs. Moreover, land resources may not he able to support
improved species. Whether the benefits generated exceed these costs can best
be evaluated through cost/benefit studies. Local production relationships, input
prices, and local markets will affect long-term economic feasibility.

In general, practices that recover investment cost and generate a profit in the
short run are preferred over practices with long-term gestation periods to recover
investment costs (Rahm and Huffman, 1984). Practices that have a high probability
associated with expected profits are desired over practices that have less certainty
about their returns. When human resource constraints or knowledge of the practice
prevent adoption, public education programs can improve the knowledge and skills of
the work force to help advance adoption. Crop insurance or other programs to share
the risk of failure due to natural disasters can aid the adoption of practices that increase
productivity or expected returns.
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6.5

Uncertainties and Future Research Needs

Uncertainties in our present assessment stem from two main sources. Both of
these sources point to future research needed for improving our assessment of
mitigation options. One source is the inherent unpredictability of future conditions that
are controlled primarily by social, economic, and political forces. These conditions
include such things as future trends in fossil fuel usage and the degree to which various
mitigation strategies will be implemented - decisions that hinge on factors such as
economic conditions, environmental awareness, and political will. The most effective
way of dealing with these uncertainties is by developing analytical tools that can
incorporate socio-economic factors as potential scenarios. Currently, such tools for
agricultural systems on a global basis do not exist (IPCC, 1996a).
The second source of uncertainty involves deficiencies in our scientific
understanding of GHG processes, as well as inadequacies in the information base
needed to apply the knowledge that we do presently have.
Gaps in basic
understanding can only be addressed through basic research; however, our current
ability to assess GHG mitigation in agricultural systems is probably more constrained by
a lack of baseline data, in an organized and usable format.
•

Carbon Sequestration in Agricultural Systems - The assessment of
potentials to increase C stocks in soils could be improved by using a structured,
model-based analysis with global coverage. Suitable models for such a task
currently exist and have been used for regional-level analyses. The elements
lacking are: (1) spatial databases linking climate, soils, and land use and
management, which are needed as model inputs; and (2) reliable experimental
data to calibrate and/or verify model predictions. A compilation of agricultural
land-use information to develop a classification and mapping of
agroecological/management zones for the world is urgently needed. Existing
long-term agricultural experiments can provide information to evaluate model
predictions for different management systems, and soil and climatic conditions.
Efforts are underway to establish networks of long-term experiment sites and
data (Paul et al., 1995), but they are still at an early stage.

•

Bioenergy Production from Agricultural Lands - Research needed to
improve assessments of C02 , mitigation potential through increased use of
biofuels includes better technical knowledge of biofuel production and energy
conversion efficiencies, as well as information on socio-economic factors
affecting the utilization of biofuels.
These needs include: (1) improved
information on the actual C feedstock values of forest, agroforestry and
agricultural management systems; (2) better data on energy inputs for the
production of wooden goods and tree-derived chemicals and their substitutes;
(3) better data on land availability including cultural, social, and political factors
that may preclude some lands from use for C offset projects; and (4) better data,
including economic analyses, for the use and efficiency of biofuels, particularly
where that usage is conducted outside markets.

•

CH 4 and N20 Emissions from Agricultural Systems - Research needed to
improve assessment of cH4 and N20 mitigation options includes improved
synthesis and coordination of existing information and additional field
measurements:

(i)

Available field emission/consumption data need to be carefully assimilated
so that comparisons of data sets can be made on a uniform basis. Those
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(ii)

(iii)

data sets that were collected over an insufficient period of time, used
inadequate methodology, or are from non-representative systems, should be
omitted.
Existing data need to be applied to validate and calibrate process-based
models. Model estimates of gas fluxes should incorporate soil, cropping
system, climate and fertilizer management influences.
Field data on gas fluxes are still woefully inadequate. Research needs
include year-round field flux measurements in a variety of soils, climates,
and cropping systems to compare impact of management on gas fluxes and
to determine the trade-offs between cH4 and N20 flux when management
options are exercised. Assessments of entire cropping sequences (e.g. ricewheat-rice) are needed. The combined use of different flux measurement
techniques is needed to evaluate systems over time and space.

Efforts to improve national, regional and global estimates of gas fluxes are best
accomplished through combined efforts. Unfortunately, other than for organizational
exercises, little national or international funding has become available to conduct the
needed research.
If the importance of the interdependencies linking energy use, agriculture and
the environment to population, income and welfare is recognized, there is a chance that
new policies for climate change will emerge. Given the uncertainty surrounding the
physical and social processes relating to climate change, it would be sensible to
establish a schedule for reviewing and updating these policies on a regular basis. A
necessary step in this process is to realize that the sustainability of economic systems
in the future will require changes in both industrialized and developing nations. Rich
countries must become less extravagant in the use of resources such as fuels, and
poor countries must introduce policies to limit the growth of population. These two
steps are essential components of a viable policy to deal with climate change and the
growing divergence of incomes between rich and poor countries.

7.

Conclusions and Recommendations

7.1

Conclusions

Global climate change, if it occurs, will definitely affect agriculture. Most
mechanisms, and two-way interactions between agriculture and climate, are known,
even if not always well understood.
lt is evident that the relationship between climate change and agriculture is still
very much a matter of conjecture with many uncertainties (Rosenzweig and Hillel,
1993); it remains largely a conundrum.
Major uncertainties affect both the Global Circulation Models (GCMs) and the
response of agriculture, as illustrated by differences among models (GCMs) especially
as regards effects at the national and sub regional levels. In addition, many of the
models do not take into consideration C02 fertilization and improved water-use
efficiency, the effect of cloud cover (on both climate and photosynthesis), or the
transient nature of climate change.
lt should be emphasized that at many points agricultural practice is very
dynamic, and will respond to changed conditions by adaptation (Mckenny et al., 1992).
Crop and cultivar choice will, in most instances and in the most productive areas,
change over time and gradually incorporate the traits necessary for the adapted

103
performance, or change to better adapted species. A rising temperature will for most
current cultivars, for instance, accelerate crop development. This would in itself lead to
a reduced water use over the shortened growth period, but also to a loss of potential
yield. One may argue that farmers will repair such a loss of production potential by a
proper choice of adapted cultivars or crop species, unless temperatures exceed the
appropriate temperature window (Behl et al., 1993).
These developments require, however, that new technologies and genetic
resources be practically and economically accessible for all farmers, a situation that is
not reached at present for farmers in arid and semi-arid regions in developing countries
where the risks but probably also opportunities for agricultural production may be
greatest.
The effects of changes in climate on crop yields are likely to vary greatly from
region across the globe. The results of the scenarios tested in many studies indicate
that the effects of crop yields in mid- and high-latitude regions appear to be positive or
less adverse than those in low-latitude regions, provided the potentially beneficial direct
physiological effects of C02 on crop growth can be fully realized. From a development
perspective, the most serious concern relates to the apparent difference in incremental
yield impacts between developed and developing countries. The scenario results
suggest that if climatic change were to retard economic development beyond the direct
effects on agriculture in the poorer regions, especially in Africa, then overall impacts
could be sizeable.
lt must be realized, however, that the ability to estimate climate change yield
impact on world food supply, demand and trade is surrounded by large uncertainties
regarding important elements, such as the magnitude and spatial characteristics of
climate change, the range and efficiency of adaptation possibilities, the long-term
aspects of technological change and agricultural productivity, and even future
demographic trends. Also, the adoption of efficient adaptation techniques is far from
certain. In developing countries there may be social, economic or technical constraints,
and adaptive measures may not necessarily result in sustainable production over long
time-frames.
Determining how countries, particularly developing countries, can and will
respond to reduced yields and increased costs of food is a critical research need arising
from this study. Will such countries be able to import large amounts of food? Will the
burden for adaptation be passed on to the poorest? From a political and social
standpoint, the results of the study indicate the potential for a decrease in food security
in developing countries. The study suggests that the worst situation arises from a
scenario of severe climate change, low economic growth, continuing large population
increases, and little farm-level adaptation. In order to minimize possible adverse
consequences, like production losses, food price increases, environmental stresses,
and an increase in the number of people at risk of hunger, the way forward is to
encourage the agricultural sector to continue to develop crop breeding and
management programmes for heat and drought conditions, in combination with
measures taken to preserve the environment, to use resources more efficiently, and to
slow the growth of the human population of the world. The latter step would also be
consistent with efforts to slow emissions of greenhouse gases, and thus the rate and
eventual magnitude of global climate change.
In the face of these uncertainties, both national and international organizations
should encourage the development of new approaches likely to be effective in
preparing for climate change. Agricultural research would benefit from increased
attention to both macroclimate and microclimate in all experiments and variety trials.
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Another climate change impact potentially significant for future agricultural production is
soil organic matter loss due to soil warming. Considering the vulnerability of agricultural
production to the occurrence of climate extremes, research should be directed to
determine what are the heat-tolerance limits of currently grown and of alternative crops
and varieties. At what threshold values of air or soil temperature do severe problems
begin? What agronomic methods are the best to moderate the thermal regime affecting
crop growth?
To the extent that the progressive greenhouse effect cannot be prevented in
practice, policies should be devised to facilitate the adjustment of agriculture to the
likelihood of environmental change. Such adjustments may include modification of
agronomic practices; adoption of crops known to be heat-resistant and droughtresistant, increased efficiency of irrigation and water conservation, and improved pest
management. Such adjustments are worthy of being implemented in any case, be it
with or without climatic change.
Although some countries in the temperate zone may reap some benefits from
climate change, many countries in the tropical and subtropical zones appear to be more
vulnerable. Particular hazards are the possibly increased flooding of low-lying areas,
the increased frequency and severity of droughts in semi-arid areas, and potential
decreases in attainable crop yields. lt happens that the latter countries tend to be the
poorest and the least able to make the necessary economic adjustments. Much of the
expected change in global climate is due to past and present activities of the industrial
countries; so it is their responsibility to commit themselves to, and to play an active role
in, a comprehensive international effort to prepare for the likely consequences.

7.2

Recommendations
1.

Greater efforts are needed to ensure the provision of baseline climate
data at the scales of climate variability and change for inventory,
evaluation, planning and management in order to increase still further
agricultural productivity. Every effort should be made to increase the
involvement of the national agricultural and meteorological services in
collection, application and availability of data.

2.

As more is learned about the effects of anticipated climate changes on
crops, more efforts should be directed to exploring biological adaptations
and management systems for reducing these impacts on agriculture and
humanity. Watch has to be kept whether regional climates become drier or
wetter with global warming.

3.

Under changing climate conditions management practices such as
changing planting date, or, selection of other cultivars should be planned
accordingly so as to help to prevent some of the potential reductions in
yield. Plant breeder may have to adapt combinations of temperature
tolerance and photoperiod responses into new germplasm. In situations
where non-structural carbohydrates accumulate as a C02 fertilization
effect response, new germplasm needs to be developed that can make
better use of the photoassimilate source.

4.

Agronomist need to work closely with climatologists at a regional level to
provide a sound basis for optimising crop, soil and water management
under the changing conditions of climate. This should be accompanied by
concerted projects on plant breeding by conventional technique and by
using genetic engineering and selection for stress-resistant genotype.
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5.

The long-term effects of elevated C02 on the uptake of nutrients (e.g.,
nitrogen, phosphorus etc.) are unknown and studies on the subject should
start soon. Nitrogen balances should be linked to plant-soil-water balance,
and the impact of elevated C02 on biological nitrogen fixation and
phosphorus uptake need to be quantified for various crops under field
conditions.

6.

As worldwide climate change may exacerbate the differences between
water -rich and water-poor areas; provision may be made for increased
storage in water critical regions for agricultural development and
sustainability.

7.

The possible effects of climate change should be incorporated in the
design and management of water resources systems, considering their
long construction times and subsequent lifetimes.

8.

Special water resource design criteria taking into account climate change
should be developed particularly for vulnerable areas of the world. The
design should consider both extremes from the past and scenarios from
the GCMs in order to achieve the necessary flexibility to accommodate
possible future changes.

9.

The rate at which tree species and forest ecosystem are affected by
climate change needs to be studied as there is a lack of basic knowledge
on this aspect.

10. Scientific and technical solutions to many of the problems of adoption of
agricultural system to climate change and climate variability should be
explored (if already does not exist). Greater emphasis should be given to
training programmes, agricultural extension services and strengthening of
institution in country if the gap in adaptive capacity of developed versus
developing countries is to be reduced.
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1.

Introduction

1.1

Changes in terrestrial ecosystems

Terrestrial ecosystems and climate are closely linked. Changes in climate and
the carbon dioxide concentration of the atmosphere cause changes in the structure and
function of terrestrial ecosystems. In turn, changes in the structure and function of
terrestrial ecosystems influence the climatic system through biogeochemical processes
that involve the land-atmosphere exchanges of radiatively active gases such as carbon
dioxide, methane and nitrous oxide, and changes in biogeophysical processes that
involve water and energy exchanges (Melillo et al., 1995b).

1.2

Effects, Feedback, and Uncertainties

The combined consequences of the effects and feedbacks are essential for the
evaluation on the future state of the atmosphere or of terrestrial ecosystems. The
future role of the terrestrial biosphere in controlling atmospheric C0 2 concentrations is
difficult to predict because we do not know which of these processes will dominate.
Further uncertainties arise because changes in climate and atmospheric C02 over the
next decades to a century are likely to produce changes in the structure of natural and
managed ecosystems.

1.3

Structural Change of Ecosystem

Structural changes include changes in the local abundance of species and
genetic sub-groups (genotypes), and in the global geographic distributions of
assemblages of species (biomes). There will be transient effects, varying according to
the rate of climate change. With slow change, shifts in competitive balance among
species might occur subtly with minor effects on terrestrial carbon storage. With rapid
change, direct impacts on the growth and survival of particular types of plants could
cause die back and carbon loss before better-adapted types become established.

1.4

Agriculture and Greenhouse gases

The conversion afforests and other ecosystems (e.g., wetlands) to pastures and
arable lands have increased the atmospheric concentrations of C02 and other
greenhouse gases (Houghton et al., 1996). This increase in GHG concentrations alters
the radiative balance of the atmosphere by absorbing and re-emitting some of the
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infrared radiation emitted from the earth's surface. The result is that less heat is "lost" to
space than in the absence of GHGs and, consequently, the earth's surface is becoming
warmer.

1.5

Local environment change and GHGs

Land-use-related GHG emissions (e.g., nitrous oxide from soils or methane from
agricultural activities) greatly depend on "local" environmental conditions and human
activities (Turner et al., 1995). Scientifically speaking, this is an exciting era, in which
large-scale global environmental change is pushing the advancement of both basic and
applied research on smaller scales. lt is necessary to integrate the knowledge from cell
to leaf to plant to plot to ecosystem, and on to region and the world. The relatively
small-scale physiological and ecological processes in the biosphere play an important
role in this respect (Leemans, 1997).

1.6

Effects of Agriculture on Climate Change

Agricultural ecosystems are part of terrestrial ecosystems where human
activities have been intensively made in order to meet food and fibre demands. Along
with the industrial progress during the past centuries, the expansion of intensive
agriculture gave more pronounced influences on the earth's surface. This report intends
to review potential impacts of various agricultural activities on local/global scale climate
change in terms of the disturbances in energy and water as well as source/sink of
greenhouse gases (GHGs).

2.

Land Surface Characteristics and Climate Change

2.1

Effects on Land-surface Parameters

2.1.1

Albedo

Vegetation mediates the exchange of water and energy between the land
surface and the atmosphere (Hostetler et al., 1994). The main land-surface parameters
influenced by vegetation structure are surface albedo (normal and snow-covered),
roughness length (affecting boundary-layer conductance), canopy conductance and
rooting depth. Snow-free surface albedo for total short-wave radiation ranges from
-0.15 in closed forests to 0.4-0.5 in hot deserts {Henderson-Sellers and McGuffie,
1987). The largest effect of snow cover is on low vegetation types such as grasslands
and tundra, where the snow-covered albedo can be up to 0.8.

2.1.2

Canopy Conductance

Roughness length increases with vegetation height: tall forests therefore present
a boundary-layer conductance that is much larger than short grasslands, Canopy
conductance is influenced by foliage density, plant nitrogen content, atmospheric C02
content and drought stress (Schulze, 1994). At present ambient C02 , most natural
vegetation types have a maximum stomatal conductance of 3-6mm/s while field crops
have a higher conductance, up to 12 mm/s (Kelliher et al., 1993). Canopy conductance
increases asymptotically with leaf area index, towards a value of about 3-4 times
stomatal conductance for a closed canopy. Stomatal closure under midday conditions
of high evaporative demand acts to restrict canopy conductance. This closure occurs
sooner as soil moisture supply is reduced and vapour pressure deficit increases.
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2.2

Effects of Land-Surface Changes on Climate

2.2.1

Precipitation

The sensitivity of climate to changes in these different land-surface properties
varies regionally. For example, albedo effects are important in controlling precipitation
in climatic regimes where precipitation is controlled by large-scale dynamics or
convection; canopy conductance and rooting depth are important in regimes where a
large proportion of precipitation arises by recycling of evapotranspiration from the land
surface.
Through raising albedo and/or lowering evapotranspiration, large-scale
deforestation tends to reduce moisture convergence and precipitation. The potential
area of tropical rain forests and seasonal forests is therefore reduced. More generally,
albedo exerts a strong control over evapotranspiration and precipitation in the tropics
and subtropics (Mylne and Rowntree, 1992).
Albedo changes in the high latitudes can also have major effects. Bonan et al.

(1992) examined the sensitivity of global climate to boreal deforestation (replacement of
the boreal forests by tundra). The large increase in snow-covered albedo resulted in
colder winters and a longer snow season. Such sensitivity studies suggest that large
biogeophysical effects of vegetation structure on climate could be brought into play by
land-use change.

2.2.2

Evapotranspiration

Halving of surface conductance, with no change in leaf area, would lead to
reduced evapotranspiration rates, increased surface air warming about 0.5 oc averaged
over terrestrial areas, compared with 1.1 to 2.5 oc which is predicted for the combined
effects of radiative forcing and aerosols, and in some regions increase soil moisture
storage (Pollard and Thompson, 1995). The net physiological effect of C02 on climate
would be to reduce evapotranspiration and increase soil moisture, relative to the
scenarios based on radiative forcing alone. Such studies underline the sensitivity of the
simulated hydrological cycle to land-surface properties that are determined by
ecosystem, in terms of functional and structural responses to climate and C02. The
vertical structure of the planetary boundary layer may limit the effect of changes in
stomatal conductance on evapotranspiration (Monteith, 1995).

2.2.3

Physiological Processes

The rates of basic physiological and ecosystem processes are influenced by
temperature, moisture, and nutrient availability. The latter is mostly a soil property but is
altered by decomposition processes and management, such as adding fertilizer.
Climate change will be different according to region and alters photosynthetic,
respiration, and soil decomposition rates accordingly. Furthermore, enhanced C02
concentrations lead to C02 fertilization and improved WUE (Eamus, 1992). Here, plant
type (C3 , C4 , CAM; annual or perennial; herb, shrub, or tree) and the ecosystem
structure highly determine the response (Korner, 1993).
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2.2.4

C Cycle

The total flux between the terrestrial C cycle and the atmosphere represents the
logical outcome of these local fluxes. NPP is partitioned over different plant parts (e.g.,
leaf, branches, trunks, and roots), each with a specific longevity. With time, C will enter
to the C pool of the soil and subsequently be decomposed. Decomposition resulted in a
C flux to the atmosphere. The Net Ecosystems Productivity (NEP) was thus a function
of NPP and the soil decomposition rate. Both are strongly influenced by complex
environmental factors. Each land-cover type (cf. Ecosystem) had a characteristic NPP,
which was adjusted for local climatic and soil conditions, and global atmospheric
conditions. The C fertilization effects and changes in WUE. The impacts of these effects
are important but that the actual outcome depends on plant type, temperature, altitude,
nutrients, and moisture availability.

3.

Feedback of AgroEcosystem to Climate

Global environmental change links a diversity of human activities to the
changing atmospheric composition, climate, and land cover. These linkages become
apparent in the fluxes of energy, water, and substances between the different
components (atmosphere, biosphere, and oceans).
3.1

Net Primary Production and GHGs

3.1.1

Net Primary Production

Currently, humans use approximately 3.2% of the global net primary production
(NPP; Vitousek et al., 1986) of ecosystems for food and fodder. However, total NPP
used directly (e.g., food, fuelwood, and fibre), indirectly (e.g., land clearing), or lost as a
consequence of human activities is much higher (ea. 38.8% of terrestrial NPP; Vitousek
et al., 1986). Furthermore 11 and 25% of the natural land cover have been converted to
cropland and pastures, respectively, whereas only 6% is protected in its natural state
(Morris, 1995).
3.1.2

GHGs and Environmental Changes

Increases in atmospheric GHG concentrations and climate change are followed
by rises in sea level, changes in hydrology, and impacts on ecosystems and society.
The complex processes leading to emissions of GHGs, the impacts of these changes
and feedback, and interactions between them, are collectively known as "global
environmental change." Global environmental change incorporates both the systemic
earth system components, such as atmospheric chemistry and the climate system, and
many other heterogeneous regional and local components. These smaller-scale
components become globally significant through their cumulative aspects (Turner et al.,

1990).
3.1.3

Land-use shifts and GHGs

An adequate description of land cover is needed to determine the global fluxes
of Greenhouse Gases (GHGs) between the terrestrial biosphere and the atmosphere.
Humans nowadays control large shifts in land use that modify or change the current
land cover.
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Land use shifts involve processes such as changing forest cover to crop and range
lands; loss and degradation of productive crop and range lands through overgrazing,
drought and other (natural and anthropogenic) factors; conversion of wetlands,
urbanization, etc. Land-use shifts are also caused by natural processes such as
vegetation dynamics, response to environmental change and disturbances, such as
storms, fire and flooding (Leemans and van den Born, 1994).

3.1.4

Land Cover Conversions

Recent research indicates that human-induced conversions (e.g., changing land
use management such as fertilizer use and irrigation practices) of land cover have
significance for the functioning of the earth system. The influences of these land cover
and land use changes become globally significant through their accumulative effects.
Most recent land cover and land use modification and conversion is clearly driven by
human use, rather than natural changes (CLUE, 1999).

3.1.5 International Concerns
Concerns on global environmental change have led to important international
multidisciplinary research programs (IGBP, IUDP), assessments of current scientific
understanding (IPCC), and international treaties (FCCC, Biodiversity Convention and
Agenda 21 ). The development of plausible future scenarios for global environmental
change is a special requirement for the adequate implementation of such international
conventions.

3.2

Biogeochemical aspect

3.2.1

Global Carbon Budget

Land ecosystems of the Earth contain about 2,200 GtC; an estimated 600 GtC
in vegetation and 1600 GtC in soils. These land carbon stocks are changing now and
are likely to continue to change in the future in response to changes in any or all of the
following factors; area of agricultural land, age structure of forests, climate, and
chemistry of atmosphere and precipitation.
Analyses based on atmospheric C02 and 13 C02 measurements suggest that
the terrestrial biosphere is currently a net carbon sink. Such analyses quantify the
strength of this sink as 0.5-1.9 Gt!yr during the 1980s, and as high as 2.6 GtC/yr during
1992-3; they also suggest that the tropics have been a net carbon source, implying
even greater rates of carbon storage in mid- to high latitudes. Direct observations to
establish the processes responsible for this carbon storage are, however, lacking.
Possibilities include post-harvest regrowth of mid- and high latitude forests (0.5-0.9
GtC/yr according to IPCC WGII(1995), Chapter 24), enhanced vegetation growth due to
physiological effects of increasing C02 (0.5-2.0 GtC/yr) and nitrogen deposition (0.5-1.0
GtC/yr), and probably, a substantial range (0-2.0 GtC/yr) of interannual variation due to
climatic anomalies (Melillo et al., 1995a).

3.2.2 CH4 and C02 releases
Methane is produced in flooded organic soils as a result of the metabolic
activities of microorganism in the absence of oxygen. Methane emissions from natural
wetlands contribute about 20% to the global emissions of this gas to the atmosphere.
Methane flux from wetlands could either increase due to rising temperatures and C02 ,
or decrease due to drying of the soils. If high latitude wetlands dry out, however, there
will be a release of stored carbon as C02 • The rate of C02 release with drying is
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uncertain, but potentially large since as much as 450 CgC may be stored in high
latitude wetlands (Melillo et al., 1995b).
Methane is produced in flooded organic soils as a result of anaerobic respiration
(methanogenesis), and CH4 emissions from natural wetlands are estimated to
contribute about 20% to the global emissions of this gas to the atmosphere (Prather et
al., 1995). Factors increasing CH 4 flux would include northward spread of peat-forming
areas into the high latitudes (enhanced by increased precipitation) and faster carbon
turnover due to warmer temperatures (Christensen and Cox, 1995). Factors decreasing
CH 4 flux would include drier conditions (lower water table) in extant peatlands, and
drying-out and/or permafrost melting leading to loss of peat-forming areas in the
continental interiors (Gorham, 1995).
However, if CH 4 flux declines in some regions due to drying, this would imply an
additional flux of C02 to the atmosphere due to enhanced aerobic respiration and,
perhaps, large-scale oxidation of the peat by erosion and fire (Hogg et al., 1992). This is
of concern because as much as 450 GtC may be stored in high latitude peats(Botch et
al., 1995). Like the possible carbon "spike" due to transient vegetation changes, this
possible source of carbon to the atmosphere represents a potential positive feedback
that has not been adequately quantified (Nisbet and lngham, 1995).

3.2.3

N2 0 budget

The major N20-producing process is denitrification. Denitrification is promoted
by high nitrate supply and low soil oxygen concentration. Warmer soils promote more
rapid nitrogen cycling and often more nitrate, while wetter soils lead to low soil oxygen
levels. Where soils become warmer and wetter, the production of N2 0 will increase, but
the global magnitude of this increase has not been estimated (Melillo et al., 1995a).
The nitrous oxide budget is largely controlled by microbial processes in soils.
Today, the warm, moist soils of the tropical forests are probably the single most
important source of N20. Land-use and the intensification of agriculture in the tropics
appear to be increasing the size of the N20 source from this region. The microbial
process responsible for the production of most of the N20 is denitrification - the
assimilatory reduction of oxides of nitrogen that produces N2 as well as N20. The rate of
denitrification is controlled by oxygen (02 ), nitrate (N03} and carbon. Moisture has an
indirect effect on denitrification by influencing 0 2 content of soil. If other conditions are
appropriate, then temperature becomes an important controller of denitrification.
Denitrifiers in natural environments are capable of producing either N20 or N2 as
end products. Numerous factors have been reported to affect the proportion of N20
relative to N2 • Perhaps most important are the relative supplies of nitrate and carbon.
The dominant product of denitrification may be N20 in systems where, at least for a
time, nitrate supply is high and carbon supply is low, but not excessively so. Probably
due to a combination of more extensive wetland areas and increased rates of nitrogen
cycling in terrestrial ecosystems under warmer and/or moister climates, atmospheric
N20 concentration increased from -200 ppbv to -270 ppbv (Leuenburger and
Siegenthaler, 1992). A wetter climate may lead to increased N20 production, although
this potential positive feedback has not been adequately quantified.
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Database management
6
Statistical computation
9
Geographical Information Systems (GISs) and
Land Information Systems (LISs) 2
Remote sensing methods
3
Simulation methods
6

2 Methods of dissemination of agrometeorological information i
Radio
6
TV
6
Newspapers
5
Computer-based
1
Internet
1
Special brochures
8
3 Most important topics of the agrometeorological research
1) Forecasting of crop and grassland products
2) Assessment of agroclimatic resources
3) The utilization of agromet data in assessing irrigation requirements
4) The utilization of agromet data in hydrological studies
5) The utilization of agromet data in all agricultural activities
6) Rational use of grassland resource
7) Estimation and mapping of soil droughts and moisture provision of crops
8) Estimation of evapotranspiration
9) Estimation of global radiation
10) Application of GIS in agrometeorology
11) Crop-water requirement
12) Crop weather relationships
13) Simulation of crop growth and development
14) Pest disease warning system
15) Crop harvest for various varieties
4 Major types of training and education of experts
1) National universities
2) Post graduate courses (M.Sc. and Ph.D courses)
3) International training courses
4) On-job or field training
5) Remote training by computer-based technologies and internet
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4 Agrometeorological information for forestry?
Yes 4
No
6
Most important activities:
1) Prediction of periods of probable forest fire
2) Onset of rainy season and plantation activity
3) Analysis of present and future weather

5 Agrometeorological information for fisheries?
Yes 2
No
8
Most important activities:
1) Early warning on state of sea, strong wind and storms
2) Recommendations on weather impact for fish farming

6 Agrometeorological information for pest and disease management ?
Yes 5
No
5
Most important activities:
1) Information on impacted area by pest and disease
2) Prediction of onset of pest and disease on crops and animals
3) Agromet forecasts regarding pest and disease management opertion
4) Agroclimatic data

PART Ill AGROMETEOROLOGY AND SUSTAINABLE DEVELOPMENT
1 Agrometeorological information for agriculture (rainfed, partially irrigated,
fully irrigated cropping systems)?
Good
3
Satisfactory 6
Not useful
1

2 Major methods of application of agrometeorological information in
national development and planning documents.
1) Agroclimatic data and natural disaster prone areas are as principle
background in national development and planning documents
2) Selection of dates for crop sowing and harvesting
3) Estimates of food situation
4) Zoometeorological and Weather information used for grassland management
and shipment of animals
5) Agroclimatic data used for combating with desertification

PART IV METHODOLOGICAL ISSUES OF AGROMETEOROLOGY
1 Methodologies used in agrometeorological operations
Data management
Data processing methods
Quality control

8
8
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9) Farmer's advisory reports
10) Weekly and ten-day rainfall analysis
11) Advisory for animal husbandry

PART 11 AGROMETEOROLOGY APPLICATIONS
1 Agrometeorological information for agriculture (rainfed, partially irrigated,
fully irrigated cropping systems)?
Yes 9
No 1
Most important activities:
1) Recommendations on sowing and crop yield maturing dates, and agricultural
field activities.
2) Warnings from hazardous weather phenomena for crops
3) Forecasts of crop yields and assessment of crop condition
4) Thermal and moisture provision of crops
5) Agrometeorological conditions of winter crops
6) Warning on the outbreak of pest and disease relevant to weather
7) Advice general techniques to prevent and reduce impact
8) Monitoring and publishing soil moisture resources in rainfed areas
9) Probabilities of precipitation and estimation of reference crop
evapotranspiration
10) Time and amount of supplementary irrigation in partially irrigated plain
11) Irrigation scheduling as per crop water requirement in irrigated areas
12)Analysis of past rainfall data
13) Forecasts of rainy seasons ahead

2 Agrometeorological information for grassland vegetation ?
Yes 6
No 4
Most important activities:
1) Quantitative prediction of precipitation over grass lands
2) Onset/Offset of dry spells
3) Forecast of impending weather
4) Agroclimatic data

3 Agrometeorological information for pastoral and/or transhuman livestock?
Yes
No

5
5

Most important activities:
1) Information on vegetation condition
2) Seasonal report on the livestock breeding
3} Daily weather forecasts
4) Agroclimatic data
5) Zoometeorological recommendation
6) Grassland yield forecast and forage resources
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APPENDIX
SUMMARY OF THE ANSWERS TO QUESTIONNAIRE ON THE PRIORITY
LIST OF ACTIVITIES IN AGRICULTURAL METEOROLOGY

PART I ROLE OF AGRICULTURAL METEOROLOGY
1

NMS/NHMSs giving an agrometeorological information for users
Yes 11
No
1(Hong Kong)

Most important activities:
1) Information for central government organization
2) Special agrometeorological information at request
3) Crop yield forecast
4) Agrometeorological Bulletin(weekly, ten-day, monthly, seasonal)
5) Operative grassland condition map
6) Measuring and providing weather condition (air temperature, relative
humidity, wind speed and direction, evaporation and vapour pressure)
7) Soil moisture resources forecast
8) Forecast of date of crop yield maturing or ripening
9) Recommendation on crop planting and harvesting
10) Review of agrometeorological condition of crop survive the winter season
11) Issue weekly weather forecasts in agricultural aspect
12) Issue statistical agroclimatological data
13) Provide raw and analytical data, including advisory guidance
14) Support the cooperative technical programmes
15) Spraying pesticides on crops
16) Medium range weather forecasts during sowing and harvesting
17) Recommendation on market transportation of agricultural commodities
18) Forecast for occurrence of frost and heat waves
19) Crop water requirement
20) Drought-incidence and persistence
21) Weekly and decade rainfall analysis
22) Advice on agrometeorological observation practices
2

Role of the agrometeorological service among other information provided
by the NMS/NMHSs.
4
Very important
Important
6
Sometimes important
1
Not so important
1

3

Main products of the agrometeorological services
1) Agrometeorological bulletin(daily, 5-day, 10-day, monthly, seasonal)
2) Special reports on agricultural activities
3) Weather forecasts in agricultural aspects
4) Agrometeorological forecasts
5) Statistical agrometeorological data (references, normals, guidelines, etc.)
6) Collect data from experimental farms
7) Reports at request
8) Ten-day water requirement for upland crops
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SECTION Ill
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2. 7

Agrometeorological Activities in Pest and Disease
•
•
•

2.8

Information on impacted area by pest and disease
Prediction of onset of pest and disease on crops and animals
Agrometeorological forecasts regarding pest and disease management
operation

Research Activities in Agrometeorology
• Forecasting of crop and grassland products
• Assessment of agroclimatic and zoo-climatic resources
• Utilization of agrometeorological data in assessing irrigation requirements
• Utilization of agrometeorological data in hydrological studies
• Utilization of agrometeorological data in all agricultural activities
• Rational use of grassland resource
• Estimation and mapping of soil droughts and moisture provision of crops
• Estimation of evapotranspiration
• Estimation of global radiation
• Application of GIS in agrometeorology
• Application of Remote Sensing Method in agrometeorology
• Impact and adaptation assessment of climate change on agriculture sector
• Crop-water requirement
• "Soil-Crop-weather' systems interrelationship
• Simulation of crop growth and development
• Pest disease warning system
• Crop harvest for various varieties
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•

2.2

Education and training of national experts on agrometeorology

Activities in Agrometeorology (Cropping)
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

2.3

Crop yield forecasts and assessment of crop condition
Forecast of crop sowing and yield maturing dates
Recommendation on weather condition of crop sowing and harvesting Period
Forecast for occurrence of frost and heat waves
Recommendation on spraying pesticides on crops
Field to market transportation of agricultural commodities
Analysis of crop water requirement and rainfall data
Warnings from hazardous weather phenomena for crops
Agrometeorological conditions of winter crops
Warning on the outbreak of pest and disease relevant to weather
Monitoring and forecasting soil moisture resources in rainfed areas
Probabilities of precipitation and estimation of reference crop evapotranspiration
Time and amount of supplementary irrigation in partially irrigated plain
Irrigation scheduling as per crop water requirement in irrigated areas
Forecasts of rainy seasons ahead

Activities in Grassland Agrometeorology
•
•
•
•
•

2.4

Operative grassland condition map
Forecast of grassland yields
Quantitative prediction of precipitation over grass lands
Onset/Offset of dry spells
Forecast of impending weather

Activities in Animal Husbandry Meteorology
•
•
•
•
•
•

2.5

Information on vegetation condition
Seasonal report on the livestock breeding
Weather forecasts for herdsmen
Zoo-climatic data
Recommendations for Animal Husbandry
Grassland yield forecast and forage resources

Activities in Forestry Meteorology
•
•
•

Prediction of periods of probable forest fire
Onset of rainy season and plantation activity
Analysis of present and future weather

Agrometeorological Activities in Fisheries

2.6
•
•

Early warning on state of sea, strong wind and storms
Recommendations on weather impact for fish farming
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PRIORITY LIST OF ACTIVITIES
IN AGRICULTURAL METEOROLOGY (INCLUDING
DESERTIFICATION) FOR THE REGION
D. Dagyadorj
National Agency for Meteorology, Hydrology and Environment
Ulaanbaatar 210046, MONGOLIA

1.

Introduction

Regional association 11 (Temperate Asia) of WMO includes totally 34 WMO
member countries. Geographical location of these countries and its climate condition as
well as level of socio-economic developments, economic structure, and life styles are
quite different. Due to these specific features, scope of activities of National
Meteorologicai/Hydrometeorological service is very important, but in some of them
agrometeorological service is not so important or is not applicable. Therefore,
establishment of a priority list of activities in agrometeorology in the region was not so
easy task.
However, in order to obtain more detailed information on activities in
agrometeorology in the region, a Questionnaire on this issue was distributed to the RA
11 member countries through the WMO Secretariat. Unfortunately, only 10 countries in
the region are responded to this questionnaire. lt is not enough to establish a
comprehensive list of priority activities in agrometeorology in the region. Summary of
the answers to the questionnaire on the agrometeorological activities in the RA 11
member countries is given in the Appendix. Based on this summary, a preliminary
priority list of activities in agrometeorology in the region was prepared.

2.

Priority list of activities in agrometeorology

2.1

Activities in General Agrometeorology
•

•
•
•
•
•
•
•
•
•

•

Measuring and providing weather characteristics (air and soil temperature,
relative humidity, wind speed and direction, evaporation and vapour pressure,
etc.)
Issue of Agrometeorological Bulletins and Reports (Ten day, monthly, seasonal)
Providing Central and Local Government Organizations with Agrometeorological
Information
Issue of special agrometeorological information at request
Advices on agrometeorological observation practices
Issue of weather forecasts in agricultural aspect (daily, weekly, monthly and
seasonal) , including advisory guidance
Issue of statistical agroclimatic (raw and analytical) data
Supporting the cooperative technical programmes & projects
Drought-incidence and persistence
Issue of Agrometeorological information for agriculture sector management and
planning
Advices on pmgiammes and pmjects to combat with desertification
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g) Improving the -productivity of existing arable land should be given priority over
the cultivation of virgin soils in order to reduce the net carbon dioxide release
from agriculture. Furthermore, marginal farmland in the less populated areas of
the world could be set aside for either range land or forest use.
h) Generally speaking adaptation of agriculture to climate change can be
summarized in the following two stages:
The first stage in adaptation of agriculture to climate change is to determine
whether new cultivars, crops and management practices can be developed that can
thrive under the new conditions.
The second stage in adaptation is whether farmers will adopt the new cultivars
or management practices.

Reference
Bouwman, A. E. (ed), 1990. Soils and the greenhouse effect. John wiley and sons.
Toronto.
Jackson, R. B, 1992. On estimating agriculture's net contribution to atmospheric carbon
water air and soil pollution. 64: PP.121-137.
Scharpenseel, H. W. and Beeker Heidmann, P., 1990. Overview of the Greenhouse
Effect. In: Soils on a warmer earth. Scharpenseel, H. W, Schonraker, m. and
Ayoub, A. (eds). Developments in soil science. 20 Eisevier. Amsterdam.
Wang, Y. P., 1988. Crown structure, radiation absorption, photosynthesis and
transpiration, Ph. D. thesis, University of Edinburgh, Edinburgh.
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d) Afforestation ·
The potential for afforestation in boreal, temperate and tropical biomes is
uncertain. However, the current estimates for afforestation are 50-150 million ha in
boreal, 50-125 million ha in temperate and 400-750 million ha in tropical zones {200300 million ha is dry tropical areas).
5.6

Evaluation the effects of climate change on crop production

In spite of uncertainties in climate change especially in regional level, the effect
of probable changes on crop production must be studied through climate change
scenarios and model, especially on strategic crops.
Results of crop yield assessments using several crop growth model and GCMs
in some countries are as follows:
The CERES-wheat model, based on DSSAT assessed the adaptation of wheat
in Kazakhstan (1996). The conclusions were:
a) GCM outputs can be used to create climate change scenarios for vulnerability
and adaptation assessment of Kazakhstan
b) Climate change will have a significant determined effect on wheat yield. CCC
and GFDL R - 30 scenarios are rather unfavourable.
c) Any adoptive measure for this country will be preferable to purchase of wheat
abroad.
d) The DSSAT gives affirmative results but its functions and opportunities have not
been applied in this study. The use of OSSATwill be expanded.
5. 7

Some advisable result of climate change studies in countries of the region
a) lt is reasonable to expect that numerous changes in land use (e. g. in farmed
area, crop type and crop location) and changes in management (e. g. changes
in the use of irrigation and fertilizers in the form of crop) would be adopted over
time as the effects of climate change are observed.
b) lt is clear that any adaptive measure at the regional level is not one of the
climate change abatement, but rather one of optional adjustment to climate
change.
c) Results obtained so far for crop yields have been encouraging because the
scientific community is beginning to determine the importance of changes in
climate variability in the region.
d) Further research should help to refine knowledge of the effects of variability in
climate. lt would be useful if technological advances in irrigation efficiency and
crop drought resistance continue, as well as improvements in a number of cropspecific characteristic, including harvest index, photosynthetic efficiency and
pest management.
e) The adverse effects of dry environments on drought-tolerant cultivars would be
significantly less than these on drought-susceptible ones. Hence droughttolerant cultivars can be selected through plant breeding and selection
programs and should be introduced to the growers for infilling, replanting, and
new planting.
f) lt is advisable for decision makers to plan in such a way that purchasing
strategic crops be replaced by adoptive measure.
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b)

c)

d)

e)
f)

5.5

chemical properties and farm management practices are also available in many
countries. While these data are not readily usable to calculate greenhouse gas
emissions, process-based research should permit conversion of these
databases to predict greenhouse gas emission (Jackson, 1992}.
In order to acquire the necessary data for process-based research, it is
necessary to have a parallel long-term monitoring network at sites
representative network at sites representative of the most important
ecosystems.
In order to overcome limited computer power and conceptual and
methodological problems, a framework to quantify sources and sinks of
greenhouse gases as a function of climate change has been developed in
Canada by government and university scientists across from the country (Chilar,
et al., 1993). The research strategy first aims at agriculture, forest and wetland
ecosystems and consists of the following:
Characterization of the present spatial patterns of vegetation and biosphere
carbon pools across Canada's landscape and monitoring of their annual
changes.
Identification and study of the key biophysical and biochemical processes at the
relevant spatial and temporal scales for the development of models.
Integration of the ecophysiological responses up to the biome scale.

Forestry and climate change

Forest clearing in the tropical and subtropical areas of the world continues to be
the major source of net carbon dioxide release from agricultural activities. Additionally,
the cultivation of virgin land, whether in tropical or temperate agricultural areas, results
in gradual carbon losses.
One concern that has been given particular attention since the 1990 report is the
rate of deforestation globally and in individual countries. FAO estimates of rates of
global deforestation for the 1980's in closed forests (about 14 million ha/year) and in
closed and open forests (about 17 million ha/year) are much higher for the late 1970's,
by 90% and 50%, respectively. In this regard the following options were identified:
a) Slowing down currently ongoing deforestation and forest degradation:
In tropical regions, it is necessary to involve local people in sustainable
silvicultural practices. In temperate and boreal zones, this refers especially to the new
type of forest decline attributed to man-made air pollution, logging, and to the potential
effects of climate change itself. Slowing deforestation and forest degradation bears a
significant potential to keep carbon stored in biomass, retards desertification and is a
requirement for further action.
b) Increasing forest biomass
There is generally a significant potential for increasing the biomass in forests,
especially young, understocked, overlogged and misused forests. However, the costs
and time-frame are uncertain.
c) Improved use of wood
Industrialised countries have possibilities for improved use of wood, such as the
recycling of paper and paperboard, and the replacement of more fossil energy intensive raw materials by wood. Use of wood as a source of energy offers important
opportunities for reducing greenhouse gases emissions by substituting fossil fuels.
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5.3 Effects of agricultural practices on net emissions of greenhouse gases.
Understanding the role of agroecosystems in the greenhouse gas budget must
include an analysis of carbon dioxide (C02), methane (CH 4 ) and nitrous oxide (N 20)
fluxes that are known to be affected by land use change and climate conditions.
Present estimates suggest that agricultural activities around the world account for
This
approximately 14 percent of C02 equivalent greenhouse gas emissions.
contribution is in the following forms:
a) Carbon dioxide through the use of fossil fuels powering farm equipment and
biomass burning contributes about 3 percent.
Atmospheric carbon dioxide has increased by more than 25 percent since 1850.
An estimated 30 percent of the present annual increase is attributed to soil carbon loss
associated with deforestation and land use. lt is estimated that the land biota and soils
hold 550 and 1,500 gigatonne carbon (GTC), respectively, and that the atmosphere
contains 750 Gt. The degree of destruction of soil aggregation the primary factor in
determining the carbon loss by C02 reduction from agricultural soils (Bouwman, 1990).
Observations have shown that soil decreases by 40 to 60 percent in the first
meter during conversion from forest to cropland, and by 25 to 40 percent when
converting grassland to cropland.
b) Methane from rice cultivation, ruminants (enteric fermentation in herbivores),
animal waste and biomass burning contributes about 8 percent. lt has been
reported that the concentration of C02 has doubled since 1850.
The atmosphere currently holds 4,90 Tg (4.9 Gt) of methane. Agricultural
activities account for approximately 45 percent of the sources. lt has been suggested
that methane emissions could be reduced by 10 to 30 percent by an integrated
management approach to irrigation, fertilizer application, and cultivar selection in rice
production, lt is also considered feasible to reduce C02 emissions from livestock
systems by 25 to 75 percent through better management practices (IPCC, 1990).
c) Nitrous oxide from cultivation, fossil fuel and biomass burning and fertilizer use
contributes about 3 percent.
The atmosphere contains about 1,500 Tg N in the form of N20. This gas is
presently accumulating in the atmosphere at a rate of 3-4 Tg N/yr. On the contrary to
the other greenhouse gases, it has been increasing rapidly only since the 1940s.
Byrnes (1990) has estimated that over 90 percent of the total global emissions are due
to nitrification and denitrification processes in soil. Heavy nitrogen inputs from fertilizer
and high inputs of nitrogen through precipitation may have increased the capacity of
terrestrial ecosystems to produce N20. Global warming trends have also been noted
as a likely influence on denitrification rates by a direct temperature effect (Scharpenseel
and Beeker-Heikmann, 1990). lt is difficult to quantify these sources because of the
lack of measurements as a function of environmental conditions.

5.4 Some strategies to quantify sources and sinks of greenhouse gases in
relation to agro-ecosystems
a) In the case of ago-ecosystems, readily available data consist of crop yields,
animal types and population, land area in crops, land area in pasture, irrigated
land area and fertilized land area, beside data affecting the soil carbon pools'
such as climate, amount and composition of organic matter, soil physical and
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Reported CH 4 emissions from rice fields in various countries are shown in Table 5-1.

Table 5.1 Methane emission from rice paddy fields in various countries of the
region IT
Daily
average
(glm2
day)

Floading
Period
(days)

China (Hangzhou)
Single rice
Early rice
Late rice

0.19
0.69
0.44

75-95
80-140
120-150

China (Tuzu)

1.39

120

0.04-0.46

60

Location

India

Seasona
I
Total
(g!m2)

Wang et al. 1990
14-18
55-97

Khallil et al. (1991)
2-28

Parashav et al. 1991
Yagi and Minami 1990b,
1992)

Japan
Ryugosaki (Peat
0.39
soil)
Ryugasaki (Giey
0.07-0.37
soil)
Tsukuba (Andosol) <0.01-.10
Philippines (IRRI)
(dry season)
Thailand
Supban Buri
Khlong luang
Chai Nat

5.2.1

Literature

115

45

110

8-43

130

<1-13

0.07

115

8

0.47-0.77
0.09
0.04

97-109
83
94

51-75

IRRI (1993)

Yagi et al. (1992)

7
4

Conclusions and Recommendations:

The complex interaction between methane formation, methane oxidation, rice
growth and cultivation and methane emission in different rice growing environments
require more integrated and interdisciplinary baseline research to decrease the high
uncertainties about regional and global methane emission rates from rice fields. The
required increase of rice production to 760 million tons in the next 30 years (IRRI, 1991)
will increase methane emissions from rice fields if current technologies are kept.
Feasible mitigation technologies are required that are in accord are with higher rice
production and higher productivity. There is a great potential to develop "noregret"
options without dramatically changing traditional technologies. Promising mitigation
candidates are modified water and soil managements, combining fertilizer with methane
inhibitors, minimizing inputs of easily degradable carbon sources, reducing the intensity
and frequency of soil disturbances, and selecting and breeding rice varieties with lower
emission potentials.
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Figure 5.1 The predicted daily net C02 uptake at three atmospheric C02
concentrations (C8 ). The simulations are for canopies with a leaf area index of 3
and for three location; latitude 75°N with a maximum temperature (Tmax) and
minimum temperature (Tmin) of 10 "C and 0 "C; latitude 52 °N with Tmax 22.5 "C and
Tmax 12.5 'C and latitude 35 °N with T max 35 "C and T max 25 "C (from Long, 1991)
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Figure 5.2 Methane production, oxidation, emission and leaching
Temporal and spatial variation of CH 4 emission from flooded rice fields are
caused by variations of CH 4 production, oxidation and leaching to ground water and
transport to the atmosphere.
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atmospheric C02 concentration causes stomata to partially close, reducing the
conductance to C02 into the leaf in photosynthesis and water vapour out of the leaf in
transpiration. The effects of both a decline in transpiration and an increase in
photosynthesis as a direct response to atmospheric C02 concentration are marked
increases in water use efficiency (WUE), where WUE is the ratio of the weight of dry
matter produced to the a~ount of water transpired (Eamus, 1991).
This would be expected to lengthen the growing season and increase yield for
crops where moisture availability limits growth but increased leaf area as a result of
higher photosynthetic rates could negate the advantage on a ground area basis. Both
the direct effects of C02 on photosynthesis and WUE show marked temperature
interactions. Long (1991) has modelled canopy photosynthesis for a C3 crop and
shown that at high latitudes with a mean daily temperature of 5 OC there is title
stimulation by an increase in atmospheric C02 concentration from 350 to 680 ppmv, but
at lower latitudes, with a daily temperature of 30°C canopy photosynthesis was almost
doubled for the same increase in atmospheric C02 concentration (Figure 5.1 ).
The results of these simulations, which are based on understanding of the
interaction of temperature and C02 on the process of photosynthesis, predicts that the
interactions of these two variable with climate change will invalidate conclusions which
have been based on their individual effects.
The predicted responses of productivity to temperature are not only altered in
scale by the interaction with elevated C02 but the direction of the response can also
change. Lang (1991) pointed out that only two models developed for assessment of
crop and ecosystem production in relation to climate change have attempted to utilize
this information.
These are BIOMASS (Me Murtie and Wang, 1993) and MAESTRO (Wang,
1988). The other model predictions, which usually only consider responses to
temperature and rainfall or water availability, may be serious in error.

5.2

Methane emission in the atmosphere

The 144 million ha of worldwide annually harvested rice paddies are considered
an important source of atmospheric methane. Five processes (diffusion, oxidation,
mass flow into ground water, ebullition, plant mediated transport) mainly govern the
release of CH 4 produced in the soil to the atmosphere (Figure 5.2). Between 60 and
90% the CH 4 produced during a cropping season is oxidized when diffusing into the rice
rhizosphere or into the aerobic flood water- soil interface (Sass et al., 1991).
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5.

Change and Agriculture

The atmospheric concentration of radiatively active gases such as C02 , CH 4 and
N20 are presently increasing at the rate of about 0.4, 1.0 and 0.3 percent per year,
respectively.
The agriculture and forest ecosystems are important sources and sinks of
greenhouse gases. They accounted for approximately 23 percent of total C02
equivalent greenhouse gas emissions in the 1980s.
White (1990) quoted that their contribution ranks third behind fossil fuel
combustion and CFC release. These ecosystems, which are major storehouses of
organic carbon, particularly in the soil, also have an important role in influencing
greenhouse gas concentration in the atmosphere.
Since human decision can directly affect both the contribution and response of
agriculture and forest ecosystems to climate change, there is considerable urgency to
develop management strategies that minimize greenhouse gas emissions. (IPCC,
1992) has states that agriculture and forest options together can potentially offset 5-25
percent of many nations' greenhouse gas emissions.

5.1

C02 emission in the atmosphere

lt is predicted that the atmospheric C02 concentration will rise from 354 ppmv in
1990 to 530 ppmv in 2050 and will exceed 700 ppmv by 2100 (IPCC, 1990). Carbon
dioxide is the substrata for photosynthesis for all higher plants. The vast majority of
crop plants have either C3 or C4 photosynthesis where the first products of C02
assimilation are 3-carbon or 4-carbon compounds, respectively.
In C3 plants, growing in adequate light, photosynthesis requires 800-1 ,000 ppmv
C02 for saturation whereas photosynthesis of C4 plants in adequate light is almost
saturated at current atmospheric C0 2 concentration. As a consequence, increasing
atmospheric C02 concentration will directly increase the rate of photosynthesis and dry
matter production of C3 plants substantially but will have little effect on C4 plants.
Among the wide range of C3 crops that have been examined, all show significant
increase in photosynthesis and dry matter production in response to increase in
atmospheric C02 concentration to between 500 and 1,000 ppmv. Atmospheric C02
concentration also has another direct effect on both C3 and C4 plants. Increasing
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Although there· is no uniform methodology for crop forecasts in the country but
during the past decade use of complicated crop simulation models has been receiving
more attention especially in universities. Several of these models have been calibrated
for Iran conditions.
For example Arian and Sepaskhah (1991) and Honar and Sepaskhah (1996)
have calibrated CRPSM model for wheat and corn, respectively. The modified wheat
model was named CRPSM 1. Results showed that use of CRPSMI in estimation corn
grain for surface irrigation is advisable (r 0.993)

=

Khalili and Mellaart (1987) have evaluated WOFOST model
climate in Iran.

0/.

4.1) for Karaj

The Ministry of Agriculture has started a joint research plan with ITC university in
Netherlands for crop yield forecasting. Preliminary predicts have been put forward for
Razan Region in Hamadon province.
Use of any of these models and methods requires accurate edaphic and climatic
data which are not readily available.

4.4 Recommendations
In using models and presenting the outputs the following notes can be suggested:
a) The establishment of an integrated system of yield forecasting calls for a very
accurate definition of the identification of users and their needs.
b) Monitoring and risk situation should be very closely related to the region where
they are occurring.
c) Too general and vague information must be avoided in of presentation data.
d) Use of satellite data and GIS in crop forecasting methods has become an
important source of information.
e) Greater international and regional effort should be applied to new remote
sensing and GIS capacities. The main limiting factors are the cost of acquiring
adequate imageries, need for large computers and skilled man power.
f) Establishment and maintenance of reliable geographic data bases, combined
with the establishment of environmental monitoring systems are essential
requirements to cope with challenge of food production.
g) Accurate measurement of required parameters for model running is essential,
otherwise use of models would be misleading.
h) As the first step, region's countries should be aware of using sophisticated
models which require too many parameters with high degree of accuracy.
i) The application of econometric models for crop yield forecasting is still at an
initial phase. Their establishment requires considerable preliminary work
including identification of required data and preparing them in a suitable format.
j) 10- Extension of GIS and remote sensing techniques requires educational
services, financial aids from international organizations, then workshops and
training courses should be held in the region's countries.
References:
G.F.PoPov, 1990, Agrometeorological crop monitoring and yield forecasting, In: A. P.
Budgen (ed), Using meteorological Information and products, Proceedings of
symposium held at Shinfield park, U. K.
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Iran
Wheat is an important crop all over the world and also in Iran. The main limiting
factor of wheat production in Iran is shortage of water. Fully one third of irrigated wheat
area in Iran does in Iran does not receive adequate water.
Lamas (1971) conducted a special study to assess the possibility of predicting
wheat yields from rainfall data and the present rainfall/wheat yield relationships in such
a manner that they would provide an objective assessment of wheat potential of main
growing areas. He found from a linear simple regression analysis using verified 1972
data from 18 experimental sites that 52 percent of the variations in wheat yields could
be explained by annual rainfall. The use of Thiessen polygon method in calculating
area rainfall helped to explain only an additional 4% of the yield variations as compared
whth the use of "spot" values of rainfall data. Lamas concluded that this method of
analysis could now be used as an objective method to analysis probable wheat
production in north west of Iran.
Hashemi (1973) re-analysed by three different methods the experimental data
used by Lamas to see if the correlations between yield and precipitation could be
improved. Simple linear correlation regressions seemed to fit the data best. Highest
correlation coefficients were obtained when yield was related to the precipitation during
the growing season (r 0.78). Effective precipitation, i.e. allowing for surface run-off
and deep percolation, was not better that actual precipitation in correlation with the
wheat yields. Moisture balance, i.e. the accumulated difference between monthly
precipitation (P) and consumptive water use of the wheat crop (ET), even reduced the
correlation coefficient considerably (r = 0.55). Hashemi ascribed this failure to the
underestimation of PE by the Penman method under the arid conditions in Iran.

=

Regional wheat production figures, including both irrigated and non-irrigated
yield data, of the Ministry of Agriculture for a five-years period were used to determine
the response of total wheat output to changes in September - June precipitation.
Greatest yield response, roughly ten percent per 10 mm change in precipitation, was
found in regions where the total September- June precipitation was only 50 mm. Most
of the wheat in this area is produced with the aid of irrigation. Regions having more
than 400 mm respond negatively to increases in precipitation.
Wheat harvesting in Iran begins during the period from early June in the warm
regions and extends through July in the cold regions. Early forecasting of non-irrigated
wheat yields (Y) is possible using November- April precipitation (P) as follows:
Y

=375P -16.5 ( r=0.78)

A forecast of the expected wheat yield is possible from the equation with the
same accuracy but is available two months earlier than when the September- June
precipitation is used. No improvement in the correlation coefficients was found if the
moisture balance (P - ET) for the November - April period was used instead of total
precipitation.
Hashemi concludes that the total wheat output of Iran can be forecasted
accurately before the wheat is ready for harvest over practically all over Iran by using
September - May precipitation as basis for the weather-based prediction. Such preharvest estimates were made in 1971-72 resulting in much more realistic national
production figures (approximately four million tons) than an unofficiai estimate based on
field surveys (over five million tons).
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Application of econometric models for crop forecasting was first attempted in

1973 when a forecast model for wheat using a production function approach and
multiple linear regression was used. Another model was developed in 1986.
The relationship of yield rate was given by:
Y = f (N, P, R, W, Max Temp, Min Temp)
Where:
Y = Yield rate
N = amount of nitrogen fertilizer in kg applied per hectare.
P = amount of phosphate fertilizer applied
R = effective rainfall (Oct- Jan, Oct- Feb, Oct- Mar)
W = total irrigation water availability at farmgate
Max Temp & Min Temp = average temperatures for months of February, March,
April.
The result of the yield forecast for the years 1986-89 show that the value generated
compared reasonably well with actual values.

Thailand
Thailand conducts a number of crop area and production surveys and they
include the rice survey, other field crops survey, tree crops and food crop survey,
vegetable survey and general farm survey. Two sampling farmers are used for rice
survey, a list of frame and an area of frame. For the list frame, rice growing villages are
stratified and the survey is conducted twice a year in about 700 villages in 43 provinces.
In this country, the objective yield survey is conducted in the fields and plots of
the crops concerned which are randomly selected; the measurement of certain
characteristics which are deemed to be related with the final yield of the crop are
recorded during the growing period until it is harvested.
Thailand has more than 15 years experience in utillizing remote sensing
technique in classification and estimation of crop acreage. However, most of the crops
under investigation were done in a very small area. The only national scale ever
conducted was the estimation of dry season paddy. In general the result of this
technique as compared with other estimation, was satisfactory.
The Office of Agricultural Economics (OAE) will, on the experimental basis, use
NOAA satellite data such as Normalized Vegetation Index (NVI) combined with climatic
variable such as YMI to predict crop yield as follows:
Y; = f(NVIit, YMI;t)
Where:
Y; = Yield per unit area of the crop under study in the i1h location
NVTit = Normalized Vegetation Index of the crop under study at the i1h location
YMT;1 =Yield Moisture Index of the ith location during the ith month
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Also, India has· developed crop forecasting models based on multiple regression
technique using crop weather relationships. The model developed for forecasting rice
yield is given below:

Where:
Ynni = rice yield in kgs per hectare in the ilh meteorological sub-division
Ri Jul = rainfall index July
Ri Aug = rainfall index August
Ri Sep = rainfall index September
W ctr = ration of wet days to total days in south west monsoon
T =Technological trend, e. g. use of fertilizer, as reflected by time
In utilizing remote sensing technique, currently efforts are being made to
construct a vegetation index using satellite imageries which, when fully developed, will
be utilized in conjunction with rainfall indices and other parameters.

Bangladesh
Bangladesh has developed a weather crop yield model to forecast rice
production. The model was developed based on the these assumptions:
a- Functional relationships exist between averages of climatic variables and final
rice yield.
b- The relationship could be identified using crop yield and weather data
c- Weather was a major factor affecting rice yields.
Based on data of 1960 to 1980 a liner model has been specified.
Y = 2.2367-0.1769 NSOL 8-0.1236 NSOL 9+0. 04091 DEF 11 +0.3957 EQET 17
N = 16, R2 = 0.74
Where:
DEF = moisture deficiet (rainfall- evaporation)
NSOL = net solar radiation
EQET = equilibrium evaporation
Each variable was indexed with a number to which it was referred.

Pakistan
In the assessment of crop size in Pakistan, traditional methods of personal
assessment by revenue and extension officers as well as sampling techniques are
applied. The number of advance and final estimates depends on the importance of the
crop.
Pakistan is one of the countries which has accepted Yield Moisture index (YMI)
developed by US- NOAA, AIS (U.S.A). This index is a crop coefficient that weights
rainfall during the growing season according to related water requirements.
This technique was not considered technically sound and adequate, especially
because of the country's dependence on irrigation systems.
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But, what is a crop-weather or agrometeorological model?
A crop-growth simulation model may be defined as a simplified representation of
the physical, chemical and physiological mechanism underlying plant and crop growth
processes. If the basic plant processes - production and distribution of dry matter and
water relations- are properly understood and modelled, the entire response of the plant
to environmental conditions can be simulated. Therefore, there is no need to
differentiate between climatic regions, since the simulation model itself will show the
limiting factors for growth
In an arid and hot climate it will show the greatest response to the distribution
and total amount of precipitation.
Simulation model provides an insight into crop-weather relationships and
explains why some factors are more important for yield than others.

4.3

Examples of methods used in some developing countries of Asia

The methods used for crop yield forecasting in the developing countries of Asia
vary to a great extent depending on the national practices. However, considering the
subjective or objective nature of measurement, the different methods can be broadly
classified under:
a) Forecasts prepared by crop reporters;
b) Forecasts based on analysis of agrometeorological data such as rainfall,
temperature etc, obtained prior to date of forecast.
c) Forecast based on observations and physical measurements at key periods of
the growing crop singly or jointly with meteorological climatic data.

India
In India, crop forecasts are prepared according to a uniform methodology in all
states of the country. The State Agriculture Statistics Authorities (SASA) collects crop
statistics through revenue agencies. In all 42 crops are covered, usually 2-3 forecasts
are issued in respect of each major. The first forecast is prepared and issued generally
a month after the sowing has been completed.
Besides of simple relation and reports, area and production weighted rainfall
index numbers have constructed for each major crop.
The formula used for
construction is as below (FAO, 1990):

X

100

Where:

=

Rii rainfall index number of Jlh crop in ith districts
Ai actual rainfall in i1h districts
Ni = normal rainfall in i1h districts
Wu =area I production weight of ith districts for ith crop

=
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Rain water harvesting.

International Technology

4.

Crop Yield Forecasting:

4.1

Existing and potential methods in region's countries

The evolution of crop production over the past 30 years has shown striking
progress in most developed countries, both in yield and in global production, although
this increase has been counteracted somewhat by a reduction in areas under cultivation.
In developing countries, however, increase in production has been much slower,
and most of them population has grown rapidly.
In addition, climatic variability has produced some extreme periods of droughts.
As a result of this evolution, it has become increasingly necessary to forecast
the quantity and quality of harvest - particularly for cereal crops - which remain the
staple source of food in most parts of the world. Forecasts are very important in helping
the producing countries know in advance what percentage of the harvest can be
exported. They are also very important for food importing countries (like most of the
region's countries) in order to predict in advance the size of their national harvest.
In the last 30 years good progresses have been made towards this goal,
through the use of agrometeorological information and models.

4.2

Agrometeorological models

Over the past decades, research into crop-weather relationships has received
considerable attention by scientists working in a variety of disciplines. Even a survey of
the reviews available on these topics would fill many pages. In 1950s and 1960s the
development of crop assessment methods was slow, which may have been due to the
crop production policies which existed in the major grain exporting countries and to the
large grain surplus at that time in these countries as well as on the market. Under
those conditions there seemed to be no need for monitoring the effects of weather on
crop yields from meteorological data on real-time basis.
In early 1970's this situation changed drastically because of poor yields and
rising demands for food. Adverse weather conditions affected cereal production in
several sub-continents simultaneously: the U.S.S.R, China. India, Australia Sahelian
Africa and South East Asia. The world output of cereals (wheat, rice and coarse grain)
was declined by a large amount (33 million tones) for the first time in more than 20
Years.
lt has been demonstrated that crop-weather models can be useful research
tools for the interpretations of climatic fluctuations in terms of their impact on crop
production over large areas (Williams, 1974 ).
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g) Although different kinds of water harvesting systems have been used since
many years ago in the region, but some of the countries are still at the
beginning stages of development. So, information exchange between countries
in conferences and workshops would be very useful.
h) Interactions of water harvesting projects and their effects on reducing or
accelerating erosion process must be seriously considered. Since the main
purpose of water collection is to meet water-requirements of agriculture sector
and agriculture without suitable soil is impossible. Erosion is one of the major
potential factors of destroying natural resources.
i) A set of information centres and educational institute's, linked together, must be
established in capitals of region's countries. These centres facilitate information
exchange and quick access to the data.
j) Involving women in training activities where it is customary for them to
participate in contraction, operation and management.
k) Revival of the devastated pastures and forests has direct links with the use of
efficient rain water catchment systems. Ecologically speaking, forests in the
region's countries are going to experience a difficult devastating stage for which
Rain water catchment systems, once
the man himself is responsible.
established will assist man in cultivation.
I) With respect to possible occurrence of climate change which leads to increase
of temperature and evaporation from water resources, extension of artificial
recharge systems is strictly recommended. Governments should plan in such a
way that use of flood water be placed in the list of main agricultural policies.

References

Abdallah, Arar, 1993, Optimization of water use in arid areas, In: Proceedings of expert
consultation on water harvesting for improved agriculture production, Cairo,
Egypt.
Ali - Labadi and Ali, M. 1993. Water Harvesting in Jordan: Existing and potential
systems.
In: Proceedings of expert consultation on water harvesting for
improved agriculture production, Cairo, Egypt.
Dhruva Narayana, V.V., 1993. Soil and water conservation in India. IBH publishing,
New Delhi.
Faiser, G., 1993. Water harvesting I Run off systems, London.
Glenn, E. and Rily James, 1996. Sea water irrigation of Halophytes for animal feed In:
Hamdy, A, Malcom, C (ed) Halophytes and Biosaline agriculture.
Jouden, Omar, 1993. Integration of water harvesting in agriculture production In:
Proceedings of expert consultation on water harvesting for improved agriculture
production, Cairo, Egypt.
Kadkhoda, R. et al. 1996. "Project of range management in lnche Shorezar. Forest
and range land organization national resources office of Gorgan. (in Farsi).
Koocheki, Avaz., 1991. Water storages in Iran, Proc. of fifth conference on rain water
catchment systems, Taiwan.

221

1985

1989

1991

1993

Figure 3.2 Number of wells.
3. 7

Recommendations

According to the above mentioned subjects, it is necessary to develop a
comprehensive program for optimum use of limited water resources in arid regions of
the Asia. OtheiWise the rate of aridity and desertification will grow rapidly.
The following recommendations are proposed to assist the decision-makers in
the region's countries.
a) Extension of the concept of water harvesting and conserving - even in
microscale - should be considered as the first step and aim in program
planning. This can be achieved only by transferring the useful results of rain
water harvesting operations to the people of rural areas close to the deserts
and arid regions. Farmers should understand that the development of water
harvesting for their use is not an obligation but rather a service for them to
which they must reciprocate.
b) Development of traditional systems of collecting rain water such as Ghanat and
pitting, as efficient tools which have simple technology, should be accepted and
advised.
c) Farmers and rural people should be involved in all stages of planning and
execution of water harvesting projects. This increases their knowledge and
cooperation.
d) Experienced technicians must be trained and sent to the areas which have
potential for water harvesting projects.
e) Accurate design and execution of each of these projects, especially more
complicated ones like check dams, require complete hydrological information of
the study region. Lack of the data or wrong information would be misleading
and lead to project failure. Therefore, the establishment of complete and
efficient network of raingauge stations is strictly recommended.
f) More researches must be carried out to introduce new varieties of Xyrophytes
and Hallophytes which can be grown in climatic and edaphic conditions of the
region.
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The utilization of the runoff and flood spreading are also used in the
management of water resources in rangelands. Flush flood irrigation system is a
simple method of irrigation in these pastures. In this method floods are deviated
vertically from its natural route and will be distributed on the smooth vicinity lands. In
this way the wet plains are used for cultivation. By performing of flood spreading in an
experiment in Australia, it showed that the capacity of feeding at a 80 hectares pasture
has increased from 0.18 unit of animal in a hectare to 2.66 unit (about 15 times).
Hence this method especially in arid and semiarid regions decreases the pressure on
pastures and contributes seriously to water protection.
In this connection, the setting up of projects like the establishment of pitting,
furrows and bank head are immediate actions that should be taken. lt is shown that
performing these actions has increased soil water capacity. The cost of providing these
types of activities is very low in comparison to the positive effect of the available
moisture in the increase of the vegetation and the cost of animal products. These
activities are one of the most profitable actions that can be performed in pastures and
obtaining water for land rehabilitation.
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Figure 3.1 Trend of falling of aquifer in Iran.
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3.6

Aquifer balance in Iran and water table falling

Extraction of the underground water is still a vital function like in the past in the
water balance of the country, especially in central and some parts of the eastern region
as the main source of water supply for urban, agricultural and industrial consumptions.
The present water balance of the aquifers is negative and the rate of excess pumping
reaches to 7.182 billion m3 in a year. The main factor of the disturbance of this balance
is the rate of the unauthorized extractions of the wells. However the most wise way for
providing the balance between extraction and artificial recharge of the under ground
waters is to decrease the number of wells, to restrict authorized pumping and to control
the infiltration of water spreading (Table 3.3). The survey of the condition of wells and
Ghanats in Iran in different times shows that the increasing trend of the number of wells
does not fit to their exploitation. This matter tends to decrease the efficiency of every
unit of well and Ghanats, so that the efficiency of the well is 27.1 percent while the
efficiency of the Ghanat has decreased to 17.3 percent.

Table 3.3 water balance in alluvial aquifers.
Milliard
m3

Pumping

Milliard
m3

Recharge

%

Volume

Type of pumping

%

Volume

Type of recharge

7.1

4.025

Evaporation from the
aquifer

34.3

17.455

Lateral infiltration
from mountains

1.7

0.955

Extend ground water
flow from the country

15.8

8.057

Infiltration from
plain

10.6

6.008

Drainage

20

10.151

Infiltration from
overland flows

80.6

47.079

Wells and Ghanats

29.9

15.222

Infiltration from
consumptions

100

58.067

Sum

100

50.885

sum

Based on the comprehensive study undertaken in our country with regards to
the basins, 25 out of 37 basins have a negative balance. This negative effect varies
from one million m 3 to maximum 711 millions m 3 •
According to the report by the Ministry of Power, about one-third of the areas,
including most parts of north, west and south of the country do not have the problem of
falling level of the underground water table, whereas the other parts of the country face
serious problems because of low rainfall. This condition tends to decrease the water
table and eventually to dry the aquifers. In Zarand plain in Kerman, for example, during
a 20 years period (1969-1989) the decrease of water table was 27 meters. The falling
of water table in desert basin of Sirjan was 30 cm and in Shahr Babak was 35 cm
annually. Such conditions will result in a deposit on the ground of about 10 cm annual
average in the mentioned areas. These situations tend to establish desert condition.
Considering the fact that the balance of underground water in the country is
negative, utilization of the rain water catchment systems and artificial recharge are very
important. lt should be noted that the authorized rate of exploitation of 'Nater resources
will be determined by the natural susceptibility to the recharge of the aquifer in the
region, but not by the need of human being for water.
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supplying urban areas. New appreciations of soil science and plant physiology and
new irrigation techniques show that with careful management saline water can be used
to grow a variety of crops especially "Halophytes", which play a major role in sand dune
fixation, use of Halophytes has a long historical background in Iran and many research
programmes have been done in central and southern parts of Iran.
In Abu Dhabi, United Arab Emirates, more than 10,000 ha of plantations have
been established using saline ground water (up to 10 g/lit of salts) to irrigate mainly
forest trees on deep sandy soils of undulating and sometimes steep slope. This was
made possible by introduction of the drip irrigation method.
Generally, desert lands along the sea coasts are one of the suitable areas for
planting Halophytes. The estimated area of coat deserts is a bout 295 million ha, from
which about 50 million ha are practically useable, based on slope and sea water supply.
Persian Gulf coast is one of these areas.

3.5

Underground water recharge

There is growing interests in artificial recharging of ground water because it
provides ready-made storage reservoirs free from evaporation and protected from
pollution. In arid areas rain usually comes in sudden storms and flows down naturally
occurring river channels. These channels invariably have an impermeable layer at
about 30cm below the river bed, which prevents any water from reaching an aquifer that
may lie beneath it. lt has been estimated that about 80% of run off in a typical storm is
lost because of high evaporation. The critical operation then is to divert as much as
possible of the available water to underground aquifer as quickly as possible.
lt is expected that cheap but efficient projects like flood spreading can solve the
problem of poverty in arid areas.
This method has high efficiency. Operational volume and environmental
impacts are very low. Positive and continuous multi-aspect effects of these projects
affect on all aspect of peoples' life in arid areas. lt reduces desertification, increases
cultivated lands, reduces migration and its undesirable effects, provides new
perspective and culture for village communities and improves the sense of co-operation.
In project areas, employment and income have increased.
Based on data that are published by the Ministry of Energy of I.R.Iran, total
annual average of harvestable water for a period of 25 years (till 1992) is about 125.277
billion cubic meter or 30.32% of total country precipitation. So 7% of the precipitation is
lost as evapotranspiration from remainder, 25.512 billion m3 directly infiltrate in to the
soil and reach the ground water. Investigations in Iran show that if the flood water is
spread on 14 million ha of rangelands, the irrigated farming area may be increased by
6-8 million ha. Now, the present project which is carrying out in this country is a
research work at 200,000 ha.
Finally, from the total surface flows, 32.517 billion m3 are captured and used.
Remainder enters the internal lakes, depression storages, and evaporate. This part of
surface flows are about 57.23% of total surface flows of country which is a significant
amount.
At present available per-capita water for each of Iranians is about 1/4 of global
average. Based on U. N.'s prediction until summer 2025, Iran will be added to the list of
countries with water deficiency or water stress problem.

217
runoff. Another simple method is to construct contour ditches to collect runoff from
before it reaches natural channels and is lost.
An elaborate form of cleared soil catchments is used in western Australia, This
is called "roaded catchments". Where the soil is graded into a series of parallel
roadways or gently sloping ridges about 24 feet wide.
The ridges drain into the ditches, separating them and the ditches discharge into
a collecting drain. Several thousand acres of these catchments have been installed in
areas where average annual rainfall is between 300 and 350 mm.
Vegetation management: Changes in vegetation type or modification of cover on
a water-shed also result in a corresponding change in the hydrological regime. These
changes may be beneficial or disastrous depending on the circumstances and
objectives. Water yield from many watersheds can be improved by vegetation
managements. A summary of studies conducted throughout the world indicates that, on
the average, runoff from areas with precipitation in excess of 300 mm annually can be
increased by vegetation management.
Chemical treatments: Treating soil surfaces with chemicals that prevent water
from soaking into the soil is an intriguing approach to build low cost catchments. Runoff
from bare soil can often be increased by dispersing its aggregated particles with sodium
salts to reduce permeability. In Arizona, it was possible to increase rainfall runoff by
treating cleared and smoothed sandy loam and clay loam soils with sodium carbonate.
However, erosion was excessive and the treatment effectiveness was lost in about one
year. In other studies at the University of Arizona sodium chloride has been used on
uncleared land. Initial observation indicated an increase in runoff with little or no
erosion. The use of sodium salts to increase runoff is very promising because of the
low initial cost.

Highly encouraging results have
been obtained recently by spraying the soil surface with sodium methyl silanolate, a
material used to waterproof concrete. The silicon chemically reacts with the soil to form
the inert, water repellent resin which is supposedly not biodegradable and is unaffected
by temperatures up to 93 ·c.
Ground covers: Impermeable pavements can be constructed with asphalt. The
lowest cost pavement is one already in existence for some other purpose, such as a
highway. Asphalt pavements have been built on non-swelling soils by spraying asphalt
compound on the soil surface. In the USA, six operational catchments built in this way
are in good condition after 4 to 6 years' exposure to freezing and thawing and high solar
radiation.

Another type of asphalt catchment is made by placing a layer of fibreglass mats
on the soil and coating it with asphalt compounds. This type of catchment is
advantageous in that it is more durable than the regular asphalt treatment, and it can be
placed on almost any type of soil. Research is now under way to develop spray coating
to protect the asphalt against degradation.

3.4

Use of brackish water

Beneath many of the world's deserts there are huge reserves of brackish water.
If saline water could be used for irrigation more desert land could be cultivated, and
non-saline water now used agriculture could be released for human consumption. This
would also reduce the need for expensive desalination schemes now contemplated for

216
areas, such as Iran and Middle East. Such methods can be listed under two main
headings, namely:
a) Water development and management practices.
b) Water conservation measures
Among the first group, water harvesting and, from the second ones, flood
spreading has great importance.

3.3.1

History of water harvesting

The first water-harvesting facility was in all likelihood nothing more than a
depression in a rock surface that trapped rainwater. The collected water served as a
drinking water supply for man and animals. These water depression storages are still
found in many parts of the world and serve as a drinking water supply for many forms of
wildlife. lt is highly probable than the first constructed water-harvesting facility was
simply an excavated pit or other water storage container placed at the outfall of a rocky
ledge to catch runoff water during a rainstorm. The next evolutionary step might have
been to construct a rock diversion wall or gutter to provide a larger collection area.
Researchers have found signs of early water harvesting structures believed to have
been constructed over 9,000 years ago in the Edom mountain in southern Jordan.
There is evidence in Iraq that simple forms of water harvesting were practised in the Ur
area in 4,500 BC. Along desert roads, from the Persian Gulf to Mecca there still exist
water-harvesting systems that were constructed to supply water for trade caravans.
One of the earliest documented complete runoff farming installation is located in
the Negev Desert of Israel. These installations, believed to having been built about
4,000 years ago, were described and partially reconstructed by Evanari and his
colleagues. The runoff areas for these systems were the upland hillsides that were
cleared of vegetation and the soil smoothed to increase precipitation runoff. Contour
ditches conveyed the collected water for irrigation to lower-lying fields. These systems
provided an irrigated agriculture to an area that today has an average annual
precipitation of approximately 100 mm. There is also evidence that similar systems
were used 500 years ago by the native Americans in the Southwestern region of the
U.S.A. Evidences of other ancient water-harvesting systems have been uncovered in
Northern Africa. There is an uncertainty as to why most of these systems were
abandoned. Maybe the conveyance systems became clogged with silt or possibly the
soils in the crop growing areas became infertile due to increased salinity. Others have
speculated that some form of political instability or maybe a climate change in the areas
forced the abandonment of the systems.

3.3.2

Potential advantageous of rain water harvesting

Harvesting rain water can provide water for regions where other sources are too
distant or too costly, or where wells are not practical because of unfavourable geology
or excessive drilling costs. The livestock-carrying capacity of many arid rangelands is
limited more by a lack of drinking water than by lack of feed, thus water harvesting can
play a major role in this regard.

3.3.3

Methods and materials used for water harvesting

Land alteration: One of the simplest methods of water harvesting is to clear the
vegetation from the land and collect the runoff from natural drainage. Smoothing and
compacting the soil after the vegetation has been removed will usually further increase
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Table 3.2 Extent of aridity in countries listed below (Abdulah, 1993).
Amount of Rainfall
Region or
Country
North Africa

Total area
(1000 km 2)

A
Less than 100 mm
Area
%
1000 km 2

A+B
%of
total

8
100-400 mm
Area

%

1

5751

4864

85

653

11

96

NearEast 2

3705

3033

79

589

16

95

3

3100

548

18

2132

69

87

Sudan

2625

764

29

500

19

48

Somalia

637

170

27

300

47

74

15818

9379

60

4174

26

86

Middle East

1. Algeria, Egypt, Libya, Morocco and Tunisia.
2. Bahrain, Cyprus, Iraq, Kuwait, Oman, Qatar, Saudi Arabia, UAE and Yemen.
3. Afghanistan, Iran, Pakistan.
Although combating desertification and aridity is not easy, but man could control
his actions with respect to the hydrological cycle so that a given amount of water would
serve his needs without undesirable side effects such as desertification. Since it can be
transported, stored, directed and recycled, water is the most manageable natural
resources. But interference with the hydrological cycle involves more than hydrology
and engineering; it also includes ecological fundamentals and forces beginning at the
time a raindrop strikes the earth's surface and ending when it re-enters the atmosphere,

3.2

Country's action programmes in the field of water supply in arid regions

Until the end of the World War 11, the expansion rate of land and water
development in the region were very low. A rapid development started in 1950s and
gained development plans in which the agricultural sector was allocated with top priority.
At present great efforts are being made in the region to make additional water available.
In all large river basins, major surface storage reservoirs have been built or are under
construction (Indus, Euphrates, Tigris, Nile, Karron, Karkheh, etc). Also great projects
of ground water recharge and flood spreading are planned.
Harvested waters are transported to arid areas by means of new water
conveyance systems. System management has an important role the success of
projects. In many countries of the region manifestations of water logging and salinity of
irrigated lands are major problems due to poor management of Irrigation systems,
which lead to desertification. Also increasing use of underground water and falling
water tables due to over pumping are another serious problems. Therefore, there is an
urgent need for developing accurate programs in water harvesting.

3.3

Some techniques for increasing available water supply in arid regions

Fmm the above discussion it becomes evident that there is an urgent need to
introduce appropriate technologies that will increase water supply in arid and semiarid
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The main features of arid areas are:
a)
b)
c)
d)
e)

Rainfall is low, unpredictable and highly variable.
Extended droughts are more the rule than the exception.
Average amount of ET is greater than average amount of rainfall.
Lack of water is the main constraint to agricultural production.
Spatial and temporal large variations of in temperature and dryness exist.

Table 3.1 Climatic sub-regions of Arid & Semi Arid areas
(UNESCO 1977, World Bank 1988)

Region

HyperArid

Arid
80-150 Winter

Annual
Rainfall

Near to 0

Annual
Variation

Semi Arid

Sub Humid

200-500 Winter
500-800

200-350 Summer

300-800
summer

Up to 100%

50-100%

25-50%

Less than 25%

.E.

Less than 0. 03

0.03-0.2

0.2-0.5

0.75-0.5

Vegetation

Almost Without
cover

Sparce

Land use

Without
Rainfed land

Nomads and
Agriculture by.
WH.*

ET

NonContinuous
Steps
Rainfed
Agriculture
Nomads

Step-Savana
Agriculture,
Animal
Husbandry

*Water Harvesting

Exact determination of climatic boundaries of these regions is not possible
because different definitions and methods have been presented for climatic
regionalization.
As can be seen in Table 3.1, the rainfall amount in arid areas is less than 300
mm, but evaporation amounts can reach to a few meters. For example, annual average
of evaporation in Tabas in Iran has been reported 4075 mm.
This reveals the urgent need for optimised use of precipitation, surface and
underground sources of water. In Iran a large part of central areas is covered with
deserts. (such as Kavir-e-Loot or Kavir-e-Namak).
Based on available data, the main isohytes of regions are 100, 150 mm, which
in some areas is reduced to 50 or even to 25 mm.
Evaporation amount is very high and it is estimated to be around 2500 mm. Any
production and development is dependent on water supply.
Aridity is a major problem in many countries of Middle East and Africa (Table
3.2).
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2.6

Preventing from soil destruction and desertification.
Developing suitable industries
Promoting technical skills
Sustainable development of water and soil resources and attracting the people's
partnership on infrastructure programs.
Carbon stabilizing by providing plant coverage.

Recommendations
a) Exerting a single management in arid lands with the cooperation of other
ministries and related organizations in order to prevent desertification by
providing National Action Program.
b) Recognizing the potentials and abilities of arid areas and suitable programming
fro these regions.
c) Creating a situation background for an active people's partnership, especially
for women and attracting the people's investment in the form of cession the
desertified lands.
d) Promoting people's understanding who are living in arid lands or in marginal
regions.
e) Recognizing and reviving native knowledge of people living in arid regions and
using the knowledge to make sustainable development in these regions.
f) To Emphasize on family planning measures, especially in rural and nomad
setting regions.
g) To prioritise the allocation of financial resources to accomplish the goals of
National Action Program.
h) Improve energy efficiency in desertified land areas to put an end to the undue
collection of fuelwood and destruction of vegetation.
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3.

Water harvesting and optimum use of water in arid areas

3.1

Arid and desert areas

As a general definition, arid areas are those in which, potential
evapotranspiration is more than precipitation. These areas are divided into two
subareas called desert and step, respectively. (Table 3.1)
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pasture 90

inactive sandy
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other arid lands
31.74 million
hectare

Figure 2.4 Area of natural resources (million hectare).

2)
-

National projects:
Providing combat desertification projects
Preparing and executing projects for management of forests of Haloxylon
Preparing and executing projects of seed gathering

3)

People's partnership projects:

With regards to the extent of activities which have taken place during the last 35
years and the expansion of arid lands, and taking into account the trend of
desertification in Iran, and considering the commitments to international treaty, it is not
expected that present activities and governmental resources permit the rehabilitation of
degraded lands. In order to enhance the level of executive activities and people
partnership for reviving these regions, and making necessary motivation for more
intensive cooperation of people, the law of lands cession was approved in 1995.

4)

International joint projects:

These projects are conducted by the cooperation of international organizations
such as iFAD, UNDP and FAO in order to obtain the following goals.
-

Creating job and income for refugees and local inhabitant.
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2)

Degradation of pastures
-

Cutting of bushes
Over-grazing and grazing in wrong season
Changing pastures to dry farming agriculture
Cessation of pastures
Military barracks

3)

Degradation of agricultural fields

4)

Expanding cities and villages

5)

Irregular exploitation of underground water resources.

6)

Mines

For the time being, there are 43.74 millions hectare of arid land in Iran, and the
percent of desertification in Iran is various in different situations, which is shown in
Figure 2.3: 4.5 million hectare of 43.74 million hectare are as active sandy place and
7.5 million hectare as inactive sandy areas.

2.5.1

The executive projects of the technical office for desertification

These projects include four parts:

1)
-

Provincial projects:
Planting of seedlings
Mulching
Seeding
Gathering of seed

e:xpb:ilatbn of
unde:tground

26%

degradatbn 11%

ro:restdeg:mdatbn

10%

pasture degradatbn

46%

Figure 2.3 Percentage of Annual desertification in resources.
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affected countries and world community, U.N. decided to discus this issue in the United
Nations Conference on Environment and Development. In the statement of this
conference, which was named Agenda 21, the chapter 12 was allocated to combating
desertification. In this chapter the United Nations was requested to propose a
comprehensive plan of action for solving the problem of drought and desertification.
The United Nations approved the statement No. 47/719 in the meeting of public in
which the establishment of an Intergovernmental Negotiations Committee (INC) was
considered. INC aimed at preparing the International Convention on Combating
Desertification (CCD) and drought effects in the countries that are facing dryness and
desertification problems, especially in Africa.
Finally, after INC's negotiation the final text was prepared and approved in 1994.
This convention was opened in October 14-15 1994 for approval and signing by the
countries and became formal after approving by 50 countries in 26 December 1996. In
this convention which includes 40 articles and 4 annexations, all countries whether are
under the effect of desertification or not, are convinced to have a serious action against
this problem by their cooperation. The affected countries, especially, were requested to
prepare a long-term plan named National Action Program (NAP) for combating
desertification and specify the methods and criteria which are suitable for their social
and economical conditions.
Most countries have now initiated their NAP processes with support from UNSO
and other donors, and are facing several key challenges. With the entry into force of
the CCD in December 1996, all affected country parties are expected to embark on a
full scale implementation.
Therefore, it is important to take a closer look at NAP experiences to date in
order to help countries with ongoing NAP processes meet the challenges posed and
support other affected countries in launching their NAP processes on an sound footing.
In this regard UNEP published a note and draw lessons from experiences
gained by UNDP/UNSO in support of more than 35 African and Latin American
countries since 1995.

2.5

Combating desertification in Iran

Noting that Iran is situated in the world's dry belt, consecutive droughts, rapid
increase in population and people's requirements exert severe pressure on this fragile
ecosystem and intensify desertification. Generally the impacts of desertification have
appeared as the movement of running sands and losses for economical and social
resources.
Government has conducted widespread activities to fix the running sands. The
major problems caused by degradation of natural resources and increasing
desertification in Iran are as follow:

1)
-

Forest degradation
Cutting the trees
Grazing cattle in forest
Forest fire
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a) Forest reclamation by women

Nursery of Keloudeh is one the largest and modern nursery of Iranian Forests
and Ranges Organization. The purpose of its establishment is to propagate and
cultivate every varieties of conifer and hardwood trees in Mazandaran province.
Women are· responsible for major parts of activities such as maintaining, planting and
harvesting. Sixty-one % of this nursery's personnel are women.
b) Establishment of construction groups

Construction groups consist of volunteer people who are gathered together in
order to make and develop country according to societal needs and moral motivations.
One of these groups in Yazd province is "Kowsar'' group. All members of this group are
women and their major activity is combating desertification.
c) Distribution of liquid gas

Distribution of liquid gas within nomads has been implemented by related
organization. Nomads are scattered in more than 4/5 of area of country. Regarding
their needs, they use forest and range resources and because of no compensation
effort, the environment becomes destroyed.
Census results have shown that more than 80% of migrating nomads use
firewood and charcoal as their fuel. Over 7% of them use animal wastes as major fuel.
In case they don't use this wastes, it can be useful to strengthen soil of forests,
pastures or their lands.
If the approximate volumetric weight of wood of bushes and shrubs be 800kg,
volumetric consumption of nomads of Iran will be about 121 ,500-81 ,000 cubic metre of
fuel annually. Using liquid gas or fossil fuel has caused the promotion of living
standards of nomads, the reduction of women's hard works and the promotion of advice
level of tribes with regard to the importance of natural resource protection.

2.4

International Desertification Treaty

After the extended and severe drought and famine in Africa in the late 1960s
and the early 1970s, desert and combating desertification problem was propounded as
a universal problem. After propounding this problem by some countries, especially
African countries, in the United Nations public council in May 1974, U.N. approved the
statement No. 1878, by which the world community was asked to pay more attention to
this problem. UNEP immediately began effective actions which were including plan
preparation and execution of desertification control programs and water and soil
conservation projects by the aid of developed countries. Finally in 1977, United Nations
held the first special conference on combating desertification in Nairobi, in which a plan
was approved that its execution responsibility was left to UNEP. Then, UNEP made a
project named DC/PAC in 1987 and opened a special account gathering and
distributing international financial aids. From that time, desertification combating
activities has been carried out in some developing countries by the use of foreign
facilities and UNEP controls the execution of these projects. By the way, subsequent
assessments in 1991 showed that these actions has not been proportioned to the world
community's need, especially those who are suffering form evil effects of desertification
and are living in developing countries.
During these years, desertification issue has been propounded several times in
the United Nations, but because of the lack of adequate attention to this problem by the
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2.3.2 Using countries' experiences

Excessive use of firewood for fuel leads to desertification. Some of countries
have carried out successful programmes as follows:

Kenya
Green Belt Programme of North Africa was established in low level of society.
Its major work has been tree planting. This project was designed in a region of 10-75
Km wide and 1,000 Km length from Tunisia to Morocco with the following objectives:
a)
b)
c)
d)
e)
f)
g)
h)
i)

Conservation of agricultural lands against desertification.
Management and improvement of land use and sustainable development.
Afforestation.
Rural development.
Increasing food production and combat against food deficit in the region.
Providing fuel needed (firewood).
Providing beneficial activity for women.
Encouragement of self-occupied activities.
Encouragement of youth participation in environment protection activities.

Women as the users of fuel were selected as one of target groups in this project.
This activity not only provides family for fuel for future but also can be an income for
women. Green Belt Programme was designed by National Committee of Women in
Kenya and agroforestry project has been used. Women earn money by selling firewood
and seed. Green Belt Programme members receive salary as an appreciation at the
end of each month, but these payments are not given regularly. This program has been
initiating desert combating, environment protection and increased income for women
and it has been developed in many African countries with little problems.

Ethiopia
Addis Ababba, Ethiopia capital, depends on firewood fuels that provide 80% of
consuming energy. Many women and children (40,000-60,000) depended on firewood
in order to earn their livelihood.
International Labour Organization (ILO) has
implemented a research project for women as firewood carrier in Addis Ababba since
1988 that made clear for finding a solution for economic, social and environmental
problems by women's participation in self-assistance groups and finding other
employments. The people relied on this project and formed 4 groups of 140 women.
These groups began their work by soap making, mat weaving and other beneficial
activities. This project has been successful in making balance between essential need
of firewood carrier women, sustainable management of forest resources and firewood
demand in urban regions.

Iran
Iran has implemented many activities related to combating desertification and
environment protection, such as training activities for about 4,536 women, forest
reclamation by women, establishment of construction groups for producing seedling
and distribution of liquid gas in order to protect pastures. Some examples of these
activities are as follows:
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Figure 2.2 Estimates of income and population by region. (Source: World
Population Data Sheet 1991, Population Reference Bureau, Inc.)
2.3.1 Women as farmers and food producers
Rural women participate in all cultivation activities, for instance, 50% of women
are responsible for planting and harvesting wheat in Pakistan.
In India, men are responsible for ploughing, land preparation and irrigation,
while the activities such as seeding, harvesting and weeding are done by women. In
Iran, over 60% of agricultural activities, nearly 63% of animal husbandry and gardening
activities are charged by women. Also, they are directly related to the changing of
forests and pastures to farm. Many studies have shown that rural and tribes women
have an important role in agricultural economy as a producer and a user.
In spite of their roles in animal husbandry, agriculture and handicrafts production,
their activities are not completely reflected in national statistics. Often women as
farmers and producers use traditional and unmechanized methods which decrease the
environment ruining. Traditional use of natural resources has guaranteed the abilities
of future uses. This group of society is often born worst results of industrial cutting of
trees, commercial fishing and other activities that affected the stability of resources, but
in spite of this imposition, they have no role to prevent or care. Furthermore, women
activities can destroy the environment due to the over-grazing of pastures. Rural
women take their animal to pastures around the village and near their house, because
of security. This can damage plants, which leads to desertification. One of the effects
of desertification on women is lack of fuel which they gather form far and near distances.
lt is necessary to provide energy for cooking, heat, light, etc. In the third world
countries most of the home, energy is maintained by firewood. In India, the data of
energy consumption show that firewood provides 68.5% of energy in rural regions,
12.7% of this amount is puichased, 64.2% collected and 23.1% is made in houses.
Population growth causes increasing pressure on natural resources such as firewood
and poor women will be faced with its effects.
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2.3 Rural women and desertification
Half of the world population are women. Rural and tribes women are in close
contact with nature due to their activities. In this regard, they are seriously dependent
on the renewal of natural resources in order to maintain food, fuel, water and shelter.
They are searching for food, herb drugs, forage, manure and building material, around
their environment, in order to get money. One of the women's roles is that they are
playing as cultural pillars and children training in a way that is useful for future
generation to teach the value of environment.
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In some African countries more than half of the population are living in cities.
For example in Zambia 52%, in Jibuty 81% of people is urbanist.
Apparently, it may be supposed of desirable situation by decreasing pressure on
lands from some point of view, but the fact is different.
Most of these urbanists who have no real occupation, need water, food, fuel and
clothes, hence a continuous flow of food, wood, fuel, coal, and raw materials from
agricultural and natural resources exists towards cities and finally return to sewages
and disposal places. These rapid and continuous transports of fertile material from rural
to urban regions are not replaced.
Published projections imply that the current population of 5374 million will
increase to 8645 million by 2025 (see Figure 2.1 ). The rate off growth of population is
much higher in poorer regions, such as Africa, than in rich regions such as Europe (see
Figure 2.2). Figure 2.2 also shows the dramatic contrast between the regional
distributions of income and population in 1991. Comparing the projections of population
between the years 2010 and 2050, Europe is the only region showing a decline, and
the average annual population growth for Africa is still 2.4% for this period. This is
double the corresponding rate of growth for total world population, which is still three
quarters of the current rate of 1.7% per year.
A common assumption is that higher levels of economic growth will
automatically result in lower rates of population growth. However, the population
problem is important enough to warrant more direct policies, particularly given recent
scientific advances in methods of birth control. Better education about family planning
and a general improvement in the status of women throughout the world are required to
ensure success.

WORLD POPULATION-1991 (Total:5.4 billion)

59%
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management and exploitation of natural resources in arid lands are still of great
importance.
Some of human activities that can make desertification which is the result of
poverty and undevelopment are:
a) Cultivation of sensitive and unstable soils which are exposed to water and wind
erosion and tillage in direction of slope.
b) Decreasing the fallow period, which reduces mineral and organic matters.
c) Over grazing of pastures.
d) Deforestation by using wood resource as fuel.
e) Intentional Fire of forest in order to renew the pastures or clean the farmlands
or by the means of settling the human-being communities.
The signs of five above mentioned factors which are the result of poverty and
underdevelopment are as follow:
a) Hunger or dystrophy
b) Inconvenience of financial credibility which results in limitation of investment,
equipment availability and seed and fertilizer application.
c) Opportunity limitation to theoretical and technical education.
d) Searching in order to access to the short-term possibilities for living (Such as
seasonal and annual migrations).
e) Lack of a general framework for supporting rural communities that are relying
upon technical knowledge, fundamental activities, a primary energy access,
education also presence of suitable formations in order to exchange goods.
f) Absence of basic security.
Some of the human activities that cause desertification and are the result of the
adoption of development patterns without consideration of the fundamentals of
sustainable development are as follows:
1) Agricultural activities, especially application of unsuitable machinery and
equipments which cause a deterioration of soil structure.
2) Execution of agricultural operations which cause to diminish the soil nutrients
and its fertility.
3) To change the path of the rivers in order to develop irrigation programs and
irrigate the lands which are prone to salinization, alkalisation or moorish.
The signs of the above activities are as follows:
a) Searching for quick opportunity by increasing the production.
b) International challenge on irrational turning of primary productions {Which are
generally agricultural) to industrial productions.
c) Application of new technology with evil effects on nature and the lack of enough
knowledge in using traditional systems that are a major part of sustainable
development especially in agricultural section.

2.2

Population increase as one of the major factors affecting desertification

Most of developing countries which are facing desertification, not only have a
population growth rate, of more than 3% - 3.5% per year, but also the growth of
urbanization is sometimes more than 8% - 10% per year. In some Latin American
countries, 75% of population are living in urban areas. In many of Asian countries, the
rate of urbanization is increasing.
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Arid lands
There are different definitions for arid lands depending on various concepts
about dryness and its standard measures. The definition of arid lands in desertification
is based on the definition of dryness according to UNEP (1991):
Arid regions are areas where the proportion of the annual mean of precipitation
(P) to mean annual potential evapotranspiration (PE) in a statistical period is less than
65%. lt should be mentioned that calculation of PE has been done by Thoronthwaite's
formulation.
We can separate arid lands into hyperarid, arid, semiarid and dry subhumid classes.

Table 2.1 Definiton of Arid Lands

Climate extent

PIPE

Global
covering%

hyperarid

<0.05

7.5

aird

0.05-0.20

12.5

semi arid

0.21-0.50

17.5

dry subhumid

0.51-0.65

9.9

Climate changes
In general, climate change includes two groups of conversions that occur in
climate circumstances.
a) Permanent and expansive climate changes:
This kind of changes may be resulted from natural factors or human activities.
b) Short-term climate changes:
Basically the rate of precipitation is varying from one year to another.
Sometimes these changes take place in relatively specified periods that result in
dry and wet
spells.
Occurring of this phenomenon, and repetition of dry and wet spells can have
negative significant effects, provided that ecological consideration in planning be
ignored.

Human activities
In primary definitions of desertification, the role of human activities has been
considered as an exclusive factor for creating the circumstances of desertification.
Although in recent definitions there are some indications of the effects of climate
changes, due to the impact of human activities which may play on the climate change
and intensification of these effects on arid lands, human activities and the way of
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2.

Desertification

Desertification means: Land degradation in arid, semiarid and dry subhumid
areas, resulting from various factors including climate changes and human activities.
(Chapter 12 of Agenda 21 of the United Nations Convention of Environment and
Development).
According to the above definition, desertification may occur by climate changes
or human activities, and this means that each one of above mentioned factors may
affect independently or reciprocally on this phenomenon.
Having a clear and explicit concept of desert within this definition, there is a
need to define clear and exact conception of some terms such as: Land degradation,
arid land, climate change and human activities.

2.1

Definitions

Land degradation
Land degradation in arid regions consists of biological disturbance, shrinkage of
dry land ecosystems, including pastures, dry farming lands and irrigated lands, resulting
from unexpected changes in physical, chemical or hydrological processes.
Land degradation may result from water or wind erosion, soil salinization,
increase of salts in underground water and/or surface streams, quality decrease
together with quantitative diminution of biological diversity and decrease in the soil
moisture which is the main factor of plant growth.

201
1. 7

Recommendations
a) Drought monitoring systems should be established in member countries of the
region by using of satellite images and meteorological data. High priority
studies should be carried out in order to implement required information and
soft wares.
b) Recent studies show that ENSO events are associated with drought in northern
China, northern Africa, Australia, and India. Greater attention needs to be
focused on these relationships in future.
c) Research should be conducted on various crops and forage grasses with due
attention to various climatic characteristics of different regions, in order to
determine the most suitable varieties from an environmental point of view.
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Correlation between the ENSO and the rainfall in Africa has been examined in recent
studies (Nicholson Entekhapi, 1987). In the sub-Saharan zone, several extremely dry
years were coincided with the occurrence of ENSO during the period of 1985-1987.
Twenty two of the 58 ENSO events in the south eastern Africa were accompanied by
below normal rainfall. In addition, 12 of the 22 driest years for this period were ENSO
years.
An inter-relationship has been shown to exist between droughts in north-eastern
Brazil and Chile and floods in Peru and Ecuador on the one hand, and the
characteristics of ENSO events on the other hand. Comparative studies of the two
strongest ENSO events of 1877-78 and 1982-83 have been performed. The studies
found that both events were associated with drought conditions in Indonesia, India,
southern Africa, much of Australia, north-eastern Brazil and Hawaii.
Studies about the relationship between the ENSO and mid-latitude rainfall have
been conducted by Ropelewski and Halpert( 1986) and some other researchers. They
investigated the typical north American precipitation and temperature patterns
associated with the ENSOs. The analysis suggested that, for the areas of the
southeast United States and north Mexico, above normal precipitation is associated
with ENSO in 18 out of the 22 cases for the season starting with October of the ENSO
year to March of the following year. In China, also did many studies concerning the
importance of ENSO to climate in China (Wang and Zhao, 1981; Li et al., 1990). These
studies suggested that the summer precipitation in the eastern China is very sensitive
to sea surface temperature in the Eastern Equatorial Pacific. Li and Wang ( 1988)
analysed the precipitation fluctuations from 1951-1987 over semiarid region in northern
China, then featured the consistency of the variation of precipitation anomaly and their
close association with ENSO. The data show some notable precipitation deficiency
years that correspond to the ENSO years. They have also examined the 1879-1979
dryness/wetness index of 13 stations in the semiarid regions. The results suggested
that 19 of the 29 ENSO events during the last 100 years were accompanied by largescale rainfall deficiency in this region.

1.6

Effects ofthe 1997/1998 El Nino on drought occurrence

The global temperature in 1998 was the warmest since reliable instrument
records began 139 years ago. A persistent El Nino in the first half of the year and the
unprecedented warmth of the western and central Indian Ocean contributed to this
record warm year. Compared to climatological standard normals from the years 19611990 which was itself a warm era, the average temperature near the surface of the
earth in 1998 was 0.5TC above normal. Very dry conditions in the South-East Asia
prevailed in early 1998.
Devastating fires resulted in serious pollution and respiratory illnesses in
Indonesia and Fiji. Drought in New Zealand, estimated as having one in 50-year return
period, resulted in significant agricultural loss estimated at US$ 227 million. Papua New
Guinea suffered a 100-year return period drought. In Fiji, the lowest-ever rainfall totals
were recorded from February to October 1998. Other dry areas included Brazil, which
experienced rare tropical rainforest fires in the first part of the year, and the Central
America. April to June was the driest period on record in the South-eastern USA,
where dry condition, combined with excess ground cover resulting from abundant
January to March rainfall, contributed to numerous uncontrolled wildfires in June and
early July. Canada reported one of the 10 driest years since records began. Summer
heat and dryness plagued Ukraine and Kazakhstan, and led to extensive fires in the
Eastern Russian Federation.
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that a drought results· in a decrease in the photosynthetic capacity of vegetation, and
this can be detected and quantified with satellite data.
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1.4.2 Monitoring of farm soil moisture
For the dry land in the North china, soil moisture is one of the critical factors
affecting crop growth and production. During the growing season, drought damage
occurs now and then. Every year millions of ha of winter wheat suffer from drought
damage. So drought relief and preservation of soil moisture are the major tasks
throughout the year. So information about soil moisture is very important.
lt is well known that in the METEOSAT images the moist soil appears in dark
colour, while dry soil in bright colour. The research of ground spectrum shows that the
smaller the soil moisture, the larger its reflectance in visible and near-infrared band,
vice versa. Under the conditions with different moisture, the reflectance of bare soil in
the visible and near-infrared portion of the spectrum shows a straight line, which was
also named as soil brightness line and is at vertical with greenness line which reflects
the spectral characteristic vector of the green vegetation on the ground surface.
Historical data show that in the winter wheat growing area in the North china,
drought usually happens in Fall, Winter and Spring when winter wheat is in the stage
from seeding to turning green. At this period, the green biomass is little and soil
coverage is not so sufficient. So the above method is proper to be used to measure soil
moisture. After regionalization of soil quality, the correlation between moisture index
and brightness is determined so that the quantitative monitoring of the soil moisture and
drought distribution was given, through satellite data.

1.5

Effect of ENSO on drought occurrences

Relationships between the ENSO and the rainfall in India have been studied by
many researchers. lt has been suggested that the period of 3 to 6 years recurrence of
large-scale drought might be linked to the ENSO phenomena. A poor monsoon year
was usually associated with positive sea surface temperature anomaly in the Eastern
Tropical Pacific Ocean. The June-September rainfall was found to be below the
median value in 21 of the 25 warm episode years.
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combination with drought forecast can provide decision makers with information needed
for disaster management and also provide a scientific rational for government,
agricultural, water conservancy and other sectors to make decisions.

1.4

Application of remote sensing to drought monitoring

The prime objective of remote sensing technology is to deal with the problem of what is
on the surface of the earth by the study of quality, quantity and orientation through data
acquisition, processing and analysis.

1.4.1

Estimation of photosynthetic capacity

Field spectral measurement about large quantity of vegetation and crop resulted
diverse field spectral reflectance curves. From the standard spectral reflectance curve,
it can be seen that the curves of different vegetation and crop share a common law.
That is two "low reflectance" occurred in the visible region at 0.45 11 m (blue band) and
0.65 11 m(red band). At 0.55 11 m the curve has a high reflectance from visible to nearinfrared wavelength (0.75-2.50 11 m). In this range from 1.3 11 m the curve drops a lot
and again two obvious "low reflectance" appears.
The main factors effecting crop spectral reflectance are chlorophyll content,
internal structure and water content in the leaves. In the visible wavelength, two "low
reflectance" are formed because chlorophyll in the leaf absorbs blue and red light. The
middle is the green reflectance peak. That is why vegetation leaf looks green. The
chlorophyll content of the same crop at different stages of growth varies, and the
chlorophyll content of different crop at the same growing stage is not absolutely the
same. So the "reflectance peak" in the green band and the "low absorption" in the blue
and red band of the visible region are also different. In the 1.3-2.5 11 m region, the
spectral reflectance curve of crop is dominated by water absorption band.
When the leaf suffers from drought, disease and insect pests or immaturity, it
will lose most of its water and chlorophyll content. The photosynthetic capacity will
become weak, then the absorption of blue and red light by chlorophyll will also drop.
The "low reflectance" in the blue and red band gradually becomes smooth. The
decrease of water content and withering of leaf texture leads to the drop of "reflectance
peak" in infrared region. These are the basis of detecting crop growth, identifying crop
types and measuring degree of crop disease and insects. This explains the significant
difference in the spectral reflectance curves for the same crop with different growing
and healthy conditions.
The definitions of drought vary, but they usually involve a deficiency of
precipitation and diminished plant growth and development. Although many definitions
of drought exist, it can be defined as a period of reduced plant growth, vis-a-vis the
historical average, caused by reduced precipitation. Satellite remote sensing can be
used to quantify the photosynthetic capacity of the terrestrial surface. The ability to use
satellite data to detect drought conditions is based on the spectral manifestation of
reduced photosynthetic capacity that is associated with precipitation shortfalls.
By analysing several years of satellite data that quantify the photosynthetic
capacity of plant canopies, we can make comparisons between or among years in
terms of the satellite-measured estimates of photosynthetic capacity. Reductions from
aveiage conditions pmvide the means to substantiate the occurrence of drought. The
methodology for identifying and quantifying drought is thus based on the assumption
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criteria as a basis for the establishment of the Australian Drought watch system.
Essentially, a severe deficiency exists at a location if the rainfall for a period of three or
more months does not exceed the fifth percentile value for that period. A serious
deficiency exists if the rainfall total lies between the fifth percentile and tenth percentile
(first decile}. Rainfall is considered to be average if it exceeds the third decile and is
less than the seventh decile.

1.2.3 The Australian Drought watch system
This system relies on the existence of a data set of monthly rainfall totals for
about 600 observing stations that record and report their rainfall totals each day. Much
of the analysis is computerized but a key working tool is a set of tables of the decile
values for one-month to twelve-months totals, starting any month for each station and
district derived from historical records.
The drought watch consists of two phases. The first phase involves an
examination around the middle of the month of the district totals to date and on
assessment to identify those areas with the potential for serious or severe deficiency by
the end of the month. Second phase starts after the end of the month using individual
station data. Rainfall deficiency periods, once established over a period of three
months, can be delineated over well-defined areas, which are then monitored as the
deficiency extend to four, five, or more months.
The Australian Drought Watch System is a simple approach and relies on
rainfall alone as an indicator of drought. lt is an effective tool for alerting the nation to
incipient drought conditions and monitoring the course of extended drought.
Furthermore, the principles involved have provided several spin-offs, which have
enabled past droughts to be objectively catalogued and probabilities of future droughts
to be estimated.

1.3

Drought monitoring in India

The onset persistence and termination of a drought are usually gradual
processes. These features of drought have made monitoring drought conditions rather
a difficult task. The dominant factors that have tendency to reduce Indian summer
monsoon rainfall leading to large-scale droughts over the country are Warming phase of
the ENSO, more equator-ward position of 500 hPa April ridge position along 75°E and
Eurasian snow accumulation during Dec. - March, etc. The current stage of research
in India or in the developed countries in the world is that no known method exists to
reliably predict the occurrence, continuation, cessation or recurrence of drought,
although experimental forecasts are being issued by some services. Surface
observations and satellite or remote sensing networks are capable of monitoring critical
elements associated with drought.
The National Agricultural Drought Assessment and Monitoring System
(NADAMS), developed at the Department of Space/National Remote Sensing Agency,
for the Department of Agriculture and Co-operation, Government of India, utilizes NOAA
Satellite data to issue biweekly drought during June-December period for the ten states
of India. Such bulletins are being issued since 1989, which provide districtwise drought
assessment. The user community has encouragingly responded to NADAMS bulletin,
by projecting higher level of information requirements.
Detailed drought impact assessment in terms of smaller area units and impacts
on surface and subsurface water supply and assessment of drought impact of crop
yield were identified as some of the key requirements. This information used in
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and Stewart, 1938). They are usually associated with the supply and demand of some
economic good.

1.2

Drought monitoring

In order to monitor the drought and its occurrence probability several methods or
indices should be introduced. Surface observations and satellite or remote sensing
networks are capable of monitoring critical elements associated with drought.
One of the best-known efforts to systematically portray drought as a simple
index for domestic use began in the early 1960s by W.C. Palmer (1965a). His basic
idea was to develop a series of equations that would describe the soil moisture
available for plants to use during the course of the growing season. Palmer looked
upon drought as an accounting problem: "The amount of precipitation required for the
near-normal agricultural operation of the established economy of an area during some
stated period is dependent on the average climate of the area and on the prevailing
meteorological conditions both during and preceding the month or period in question".
His initial effort resulted in the Palmer Drought Index (PDI) and later the companion
Crop Moisture Index (CMI). These indexes have now been published weekly or
monthly during the summer season in the Weekly Weather and Crop Bulletin (WWCB)
since the mid-1960s. The WWCB, with some variation, has been published since 1872
and is JAWF's (Joint Agricultural Weather Facility) most visible public product for use in
the United States and around the world. lt has also been used as a prototype by many
nations developing their own indexes.

1.2.1

Drought watch system in Australia

The Australian Bureau of Meteorology has for the past twenty years maintained
a routine nationwide drought watch system based on a simple index of rainfall
deficiency as a primary indicator of water shortage. This terminology was adopted as
an acknowledgment that there are more factors to be considered in declaring an area
drought stricken than a shortage of rainfall.

1.2.2 Deciles as drought indicators
The most widely recognized measure of central tendency, an essential start for
determining any significant shortfall, is the mean. In the case of a Gaussian or normal
frequency distribution, the mean and the standard deviation as a measure of dispersion
are sufficient to describe the distribution completely and to calculate the probability of
occurrence of values within a given range. lt is common, however, for frequency
distributions of rainfall totals not to be normally distributed, particularly in semiarid areas.
In such cases one has to resort to using third-order statistics, a transformation of the
data, or a different type of theoretical distribution altogether.
An alternative approach is to use some form of non-parametric method to
describe the distribution of rainfall totals. Gibbs and Maher (1967) advocated a system
that uses the limits of percentiles, or more specifically the limits of the decile values
derived from the cumulative frequency curve. Thus the first decile sets the limit of
rainfall 'for a specified period that has not been exceeded by 10% of the observed totals
over previous periods with the same start and end dates. The fifth decile, or median, is
the 50% limit; the expectation is that the ninth decile will only be exceeded at a
particular location on 10% of all occasions, and so on.
Based on a comparison with a comprehensive catalogue of past droughts in
Australia prepared by Foley (1957), Gibbs and Maher (1967) decided the following
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ADVISING THE PRESIDENT OF RA 11
ON ALL MATTERS CONCERNING AGRICULTURAL
METEOROLOGY INCLUDING DESERTIFICATION
Noohi, K.
J.R. of Iran Meteorological Organization
Tehran, IRAN

1.

Drought

1.1

Definitions

Drought occurs in high as well as low rainfall areas. lt is a condition that is
relative to some long-term average condition of balance between rainfall and
evapotranspiration in particular area, which is often perceived as "normal". Yet average
rainfall does not provide an adequate statistical measure to rainfall characteristics in a
given region, especially in drier areas.
Drought is a "creeping phenomenon", making an accurate prediction of either its
onset or end is a difficult task.
Drought definition might be categorized into four types-meteorological,
agricultural, hydrological and socio-economic.
Meteorological Drought

Meteorological definitions of drought are the most prevalent. They often define
drought solely on the basis of the degree of dryness and the duration of the dry period.
Meteorological drought definitions are also often site specific, and the threshold used to
distinguish drought from non-drought periods are seldom spelled out.
Agricultural Drought

Agricultural drought definitions link various characteristics of meteorological
drought to agricultural impacts, focusing, for example, on precipitation shortage
(Rosenberg, 1980), departures from normal (World Book Encyclopedia, 1975), or
numerous meteorological factors such as evapotranspiration (Laikhtman and Rusin,
1957).
Hydrological Drought

Definitions of hydrological drought are concerned with the effects of dry spells
on surface or subsurface hydrology, rather than with the meteorological explanation of
the event. For example, Linsly et al. (1975) considered hydrological drought as "Period
during which stream flows are inadequate to supply established uses under a given
water management system".
Socio-Economic Drought

Definitions that express feature of the socio-economic effects of drought can
also incorporate features of meteorological, agricultural, and hydrological drought (Kifer
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stations and with the· help of mathematical models of the formation of snow cover
makes it possible to achieve a more accurate determination of snow accumulation in
the mountains for a large number of basins and to give more accurate forecasts of
expected low water levels of rivers.
Work need to be improved on establishing an observation network for dry
atmospheric precipitation (quantity and quality), on studying transport of salt in the Aral
Sea region and in areas prone to dust storms in Bukhara region. Here new results are
expected by using digital satellite data.
An active means of combating desertification is phytomelioration of pstures,
which enables highly productive year-round artificial ecosystems to be produced. A
major contribution to better phytomelioration has been made by scientists at the desert
institute of the Academy of Sciences of Turknemista, the botanical institute of the Uzbek
Academy of Sciences and the Uzbek Institute for Research on Karakul Breeding
through the development of theoretical bases and practical recommendations for the
radical reconstruction of desert and semi-desert pasturelands.
Measures to improve natural pastures are being carried out on the basis of
climatic and weather conditions.
Agroclimatic zoning of land is being used for phytomelioration purposes with
application of the agrotechnical measures recommended for each zone.
In recommending phytomelioration as a means of combating desertification, it
must be noted that successful implementation of measures to improve pastureland
have not only economic but also ecological effects and preserve natural pastures from
degradation.
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(April to September), since 80% of the water resources of Uzbekistan is determined by
snowfall in the mountains in winter; when high air temperature coupled with low
precipitation in Aprii-May considerably reduces the yield of cereals grown on unirrigated
land and lowers fodder stocks on pastureland; and when very high air temperatures
(above 39 C) in July during the flowering and formation of fruiting elements in the cotton
plant causes their collapse.
The most difficult task is to forecast temperatures and precipitation well ahead of
time. SANIGMI have developed methods of long range forecasting (mean monthly
temperature and monthly and ten-day total precipitation) for a week, month and up to
five months ahead. There are methods for forecasting air temperatures throughout the
year and for forecasting precipitation during October to May. Accuracy in the case of
temperature is between 70% and 75% and in the case of precipitation is between 63%
and 65%.
The methods developed for forecasting air temperatures and precipitation for a
two-month period, although more successful than climate forecasting, is still not as
accurate as could be wished. Unfortunately, the same applies to the accuracy of longterm forecasts of air temperature and precipitation in world practice for continental
areas.
The second major approach in forecasting drought is long-term forecasting of
river flow during the growing period of plants (April to September) and for each month.
The main methods are to use mathematical models of the formation of the flow
of mountain rivers that have been developed at SANIGMI under the direction of
Professor Y.M. Denisov. These models have been produced in the form of an
automated information system for hydrological forecasting, under which forecasts have
been produced for most rivers in Uzbekistan.
In addition to standard network observations of meteorological and hydrological
phenomena, work has been done and is still on-going on remote methods for
monitoring various desertification phenomena and processes.

As early as the 1960s, photometric surveys of desert and semi-desert
pastureland carried out by aircraft made it possible not only to evaluate current fodder
stocks but also to collect unique material on pasture dynamics and on the growth of
areas of desertification.
In recent years satellite data has come to replace aircraft sounding and this has
opened up new prospects for monitoring desertification. The basis of the information for
evaluation of soil and plant targets is digital satellite information provided by the NOAA
system and received by Glavgidromet Uzbekistan.
The methods used to assess the condition of the environment from satellite data
are based on the dependence of the condition of the gargets on their level of brightness
in various spectral ranges (Rachkulik V.l., Sintnikova, M.B., 1981). These methods
have been adapted to automated processing of digital satellite data and are used to
identify overgrazed pastures and follow the growth of cotton plants, water stocks in the
lakes of the Amudarya delta, the enlargement of dried up areas of the bottom of the
Aral Seas, and their growth.
This satellite information also helps considerably in forecasting runoff. Tracking
the changing area of snow cover on river basins in the period from winter to spring and
the altitude of the seasonal snow line, together with data from surface meteorological
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increase in deflation and transport of salt and dust; increased mineralization of surface
and underground water; submerging of irrigated land; salinization of soil; etc.
The landing areas of the Sea have now shrunk from 66 000 km 2 to 32 000 km 2 ;
over 3.5 million hectares of the sea bottom has been laid bare; the salinity of water in
the Sea has increased from between 10% and 11% to between 38% and 40%.
This area has become a principal expanding focus of active deflation and
transport of salt and dust. Here, over the surface area of 3.5 million hectares, the
volume of salt contained in the upper one-metre layer is estimated at 1.5 hundred
thousand tonnes. The adverse effects of the drying of the Aral Sea is manifested not
only in the drift of moving sand onto the sea bottom but also by an increase in the
transport of salt and dust from the dried sea bottom to economically active areas.
The strategic aim of State policy is to provide and maintain at an optimal level of
environment favourable to human beings and based on sustainable economic
development. In order to reach this aim the system for managing natural resources will
have to be improved. Effective management will require an environmental monitoring
system.
The principal task in monitoring desertification is to evaluate the ecological
condition of the natural environment and of the land in economic use, and includes the
detection of processes leading to degradation of land and possible economic damage.
The United Nations Convention to Combat Desertification states that one part of
a national action programme is to "strengthen and/or establish information, evaluation
and follow up and early warning systems in regions prone to desertification and drought,
taking account of climatological, meteorological, hydrological, biological and other
relevant factors".
Thus, the tasks decided by the national hydrometeorological services and, in
particular Glavgidromet Uzbekistan and its research organization, have been given
special priority. This means that Glavgidromet Uzbekistan will establish an observer
network to monitor meteorological, agrometeorological, hydrological and environmental
factors.
The results of observation will be analysed and summarized by the research
departments of the Central Asian Institute for Hydrometeorological Research
(SANIGMI) attached to Glavgidromet.
Among the studies associated with the task of combating desertification and
drought, mention must first be made to the investigation of climate change and
variability and the related changes in agroclimatic and water resources together with
preparation of recommendations for the best use of resources.
These studies, in particular the major task of providing early warning of drought,
make up a large part of the work of SAN IGM I.
Drought is understood, under the Convention, to mean "the naturally occurring
phenomenon that exists when precipitation has been significantly belw normal recorded
levels, causing serious hydrological imbalances that adversely affect land resource
production systems".
A threat of drought appears: when low total precipitation in the winter period
(October to March) causes a reduction in river flow during the period of plant growth
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A major role in- the build-up of the desertification process is also played by social
factors. The inadequately centralized supply of various types of fuel (coal, gas, etc.) to
those living in semi-desert and more particularly in desert regions leads them to lay in
stocks of firewood from the surrounding countryside. This leads to large-scale
destruction not only of desert trees and shrubs but also of semi-shrubs (artemisia).
Often the collection of fuel is carried out by such barbarous methods as uprooting
bushes with tractors. The destruction of desert trees and shrubs that have a soilprotection function leads to deflation and the progressive desiccation of the area. The
flora loses many plants living as a community with the trees and shrubs, which also
leads to loss of biological diversity in deserts.
In past decades the military factor has been a major anthropogenic cause of
desertification. Military training and manoeuvres by land-based forces, the testing of
nuclear and strategic weapons and military operations in arid countries have played
important roles in the onset of technogenic erosion of soil by wind and water,
destruction of humus layer, extension of area covered by technogenic landscapes and
reduction of biological diversity in deserts.

Desertification is not a phenomenon confined to desert areas
Mud-related phenomena have a considerable effect on desertification.
Catastrophic flooding originating in high mountain areas casuses the formation of muds
that have enormous destructive force. In their passage sludge and stone-carrying muds
destroy forests and plant cover in river valleys. The mud exiting from valley covers
farming land with a thick deposit. Sediment-carrying muds cause flooding of farmland
which may lead to loss of that year's harvest and require work to restore the fertility of
the land flooded.
Sloped land in unirrigated areas, because of the very hilly nature of natural
woodland, lost or unregenerated grass cover and overgrazing, has been subject to
intensive water erosion, land creep and mud slides and the washing away and deflation
of soil cover.
The activation of some desertification processes is a key problem that has led to
the definition of deficit and decline in the quality of water resources.
A broad range of desertification problems is associated with the drying up of the
Aral Sea.
The economy currently makes full use of alllthe resources of the Aral Sea basin.
From the mid-1960s the water used to expand the irrigated area in many States of the
region was taken at the expense of the outflow to the Sea from the major Amudarya
and Syrdarya rivers.
By the early 1980s the amount of water taken to meet the needs of the
developing economies of the States of the region had reached 117-118 km 3 a year with
the virtual cessation of any outflow of water into the Aral Sea. The mid-1960s saw the
start of the drying up of the Sea and the onset of desertification over large areas of the
region bordering it.
At the present time the area bordering the Aral Seas is undergoing all the main
processes of desertification: the uncovering of soil saturated with salt and the drying up
of the sea bottom; salinization of soil; loss of woodland, bottom land vegetation and
plant cover; the drying up of lakes and other obdies of water; degradation of the soil;
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injudicious methods for developing and exploiting arid land. Much damage has been
done to deserts by improperly organized prospecting and extraction of minerals.
In sandy and stony deserts, disorganized movement through areas under
geological exploration severely breaks down the upper layers of the ground over
considerable areas, which has an adverse effect on retention of soil cover. This triggers
the processes of deflation and water erosion of soils, and is the starting point for the
destruction of already thin humus layer. The working of mineral deposits promotes the
spread of technogenic landscapes containing industrial plant, population centres and a
network of transport arteries (various roads, pipelines and electric power lines).
Advanced technology and motor transport lead to foci or soil erosion. For a
considerable area around industrial complexes and population centres desert
landscapes are polluted by industrial emissions and discharges and domestic wastes.
Technogenic landscapes and adjoining areas affected by them reduce the area
occupied by the natural ecosystems that help to conserve biodiversity in developed
territories.
In agricultural areas, the development and irrigation of land without due attention
to the agrotechnical methods used to work on the soil and cultivated crops leads to its
salinization and its loss to the economy.
In many large irrigated areas in arid regions, injudicious farming methods have
led to progressive wind and water erosion of soils. Along the edges of irrigated land in
landlocked depressions where drainage water is discharged, desertification processes
such as waterlogging and salinization of soils are observed.
Injudicious expansion of irrigation and in appropriate regulation of the flow of
rivers can lead to major environmental change over a period of 20 to 25 years.
Injudicious methods of irrigation have a particularly bad effect on rivers with major
changes in the hydrological regime of river valleys and deltas, and with marshland and
meadowland drying up. The resultant desertification of vast territories drastically cuts
fodder yields and hence stock production.
Overgrazing is a major factor of desertification in the broad areas of pastureland
in arid zones. Moderate grazing has a positive effect on pasture quality, promoting
loosening of the soil, timely covering of seeds and good germination, and adding
fertilizer.
Overgrazing is a major factor of desertification in the broad areas of pasture land
in arid zones. Moderate grazing has a positive effect on pasture quality, promoting
loosening of the soil, timely covering of seeds and good germination, and adding
fertilizer.
Overgrazing, however, leads to excessive breakdown of light sandy soils
leading ultimately to the formation of sand dunes, depression of plant stocks resulting in
systematic overeating and destruction of young growth. Annual stripping during a given
pasturing season inevitably degrades the plant cover. A low likelihood of flooding of
pastures and a very low density of wells in desert areas considerably aggravates this
process. Within a radius of 2-3 km around the wells the indigenous desert vegetation is
radically altered by overgrazing and is completely suppressed in the half-kilometre zone
around the wells. In this zone the humus layer is removed, deflation develops and sand
dunes form. In districts overgrazed by farm stock the number of species in plant
communities is reduced by a factor of 2 to 4. Those falling out include rare and
vanishing species, which has an adverse effect on desert biodiversity.
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such undesirable processes as deflation or erosion of the soil by wind, soil salinization
and lowering of the humus content of soils. Another climatic factor of desertification that
needs to be mentioned is an active wind regime, a characteristic of arid areas. Strong
winds promote deflation processes and the blowing away of the humus-containing layer
of soil.
Another underlying cause of natural desertification is a group of hydrogenic
factors, which include the nature of surface runoff, the depth of water table and the
mineral content of groundwater.
A high level of evaporation, which is characteristic of arid areas, leads to a high
mineral content of groundwater. In many arid areas the mineral content of groundwater
exceeds 2 g/1. This circumstance, which is enhanced where the water table is at no
great depth, promotes salinization of soils.
Steep slopes are an important factor in desertification and are found in the
rugged surfaces prevalent in arid areas. High horizontal and vertical variability of relief
leads to water erosion of soils. In piedmont loess and stony deserts sporadic heavy rain
is a powerful agent in forming relief. The resultant heavy runoff along the temporary
channels, a characteristic of this altitude band, causes the active erosion of the sides
and base of the channels with sediments being transported in this way for some tens of
kilometres.
The factors determining soil properties also affect the onset of desertification
processes. Friability of the top layer of soil, which is a necessary attribute of sandy
deserts, serves as a basis for gradual deflation. Surface or shallow salinization of soils,
which is frequently observed in deltas and alluvial plains, carries the threat of
transformation into saline deserts.
A very wide range of effects likely to increase the area of desertification is
shown by phytogenic factors. They generally appear as a result of the thinning of the
plant cover characteristics of arid landscapes. Because plants are widely scattered, wild
and domestic animals must make every effort to make full use of the aboveground
phytomass, which leads to severe stripping of vegetation over a large areas. This
activity prevents the accumulation of plant litter on the surface of the ground and the
formation of a humus layer. Like thin plant cover, a thin turf cover offers little resistance
to erosion of the soil by both wind and water.
Zoogenic factors of desertification include such major causes as the diffing
activity of rodents and the migration of locusts. Rodents break up the ground when
building their colonies, which helps to promote wind erosion of the soil. On sloping
surfaces burrows are prime sites for development of water erosion. The migration of
locusts, which occurs sporadically in desert areas, also contributes to desertification.
Following the invasion of huge swarms of these insects, the plant cover is completely
destroyed over large areas. This stripping of vegetation is in its turn likely to lead to
wind and water erosion of soils.
At the current stage of scientific and technical advancement, the principal
causes of desertification in many cases are not natural but anthroponenic factors, in
other words, by human activites. The human activities associated with desertification
may be classified as economic, social, military and juridical.
Economic factors have the greatest effect on the expansion of desert area.
Many harmful consequences, promoting greater desertification, result from the use of
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or help to increase the yield of the crops most sensitive to an increase in carbon dioxide
levels.
Desertification is a major economic, social and ecological problem for many
countries in all parts of the world. Currently, one of the most acute global problems is
the degradation of soils attributed by increasing anthropogenic stresses on the
environment.
Under the United Nations Convention to Combat Desertification, the term
"desertification" means land degradation in arid, semi-arid and dry sub-humid areas
resulting from various factors, including climate variations and human activities.
Recognizing the need to strengthen control of desertification, to adopt effective
measures to prevent the degradation of ecosystems and to make rational use of natural
resources in cooperation with the international community, Uzbekistan on 7 December
1994 signed the United Nations Convention to Combat Desertification and Drought,
which was ratified by its Parliament on 21 August 1995.
In accordance with government policy and in compliance with its priority
obligations under the Convention, Uzbekistan has prepared a project and national
action programme to combat desertification. This project has been developed by a
group of specialists from a number of organizations of Uzbekistan together with the
Central Directorate of Hydrometeorology of the Ministerial Cabinet of Uzbekistan
(Giavgidromet), acting as the government executing agency.
The purpose of the National Action Programme to Combat Desertification is to
ensure a single general approach and structure in plans to manage the processes
aimed at preventing desertification and mitigating its consequences. The Programme
was set up to provide a mechanism for the preparation of targeted and effective
programmes and projects and to ensure proper planning at national level.
The greatest problem facing Uzbekistan is to overcome the critical ecological
and related situations arising because of the absence in the past of any policy for
sustainable development.
In order to implement the decisions and recommendations of the United Nations
Conference on Environment and Development, Uzbekistan has set up a National
Commission on Sustainable Development, whose principal task Is to draw up a national
strategy and programmes for sustainable development in Uzbekistan, to coordinate the
work of national commissions and working bodies concerned with climate change,
combating desertification and drought, conserving biological diversity and ozonedepleting substances, and to prepare new conventions and agreements related to
sustainable development in Uzbekistan.
Desertification is currently the result of the combined effects of two groups of
factors - natural and anthropogenic.
Climatic factors are clearly among the most important natural forces capable of
initiating the process of desertification. The formation of natural deserts and their
presence on the globe is basically due to the formation of subtropical high pressure
zones in the global atmospheric circulation system.
Abundant solar radiation, high air temperatures, sparse precipitation and an
enormous moisture deficit cause the specific climatic conditions in arid countries that
are responsible for their dryness. The dryness of the climate is a cause in deserts of
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have been deteriorated and those carrying too high stock load. Calculation of the stock
load for different types of pasture makes it possible to identify the potential of grazing
areas to support a given stock load without damage to the pasture and to regulate
grazing in accordance with the actual conditions of the year.
The Centrai-Asian Research Institute (SANIGMI) of Glavgidromet Ubekistan is
carrying out a great deal of research under the United Nations Framework Convention
on Climate Change. On the basis of scenarios developed by the Intergovernmental
Panel on Climate Change (IPCC), SANIGMI has been working out regional climate
change scenarios.
Climate change in the region will affect the measures being undertaken in
Uzbekistan to increase agricultural production. There may also be negative
consequences. The main effects will be increased temperatures, rainfall changes,
prolonged period of plant growth, occurrence of extreme parameters at the limit of the
permissible and hazardous manifestations of the weather on which the growth,
development and yield of agricultural crops, pasture plants, and stock grazing
conditions depends. The changes could also lead to the spread of agricultural pests
and diseases and the proliferation of weeds (V.O. Usmanov and S.P. Nikulina, 1998;
O.L. Babushkin, 1998).
One of the scenario variants for Uzbekistan form the period 2000-2030, worked
out by SANIGMI from the evaluation of climatic models and time analogues, is a
warmer winter that will be more marked than the warming of the hot season.
Forecasts of the temperatures to be reached in winter according to this scenario
go beyond the limits of natural mean seasonal climatic variability. This will necessarily
have a significant effect not only on perennial crops but also on the growth of pasture
plants and the winter grazing conditions for karakul sheep kept at pasture throughout
the year.
During the hot season, the temperatures expected in many areas will be close to
the extreme ten-year mean (for the period 1931-1990).
The change in total annual rainfall is anticipated to be between 15% and 20% of
normal values. This will lead to a northward shift of almost two degrees of latitude of the
boundary between the tropical and temperate climatic belts, and an increase in the
frequency during winters in which plant growth occurs.
On the basis of the scenarios for climatic zones, air temperature changes have
been evaluated for 11 regions and districts of Uzbekistan.
A higher temperature regime will have a mixed effect on the growth of various
crops. Thus, for example, in the principal cotton-growing districts an increase in the
length and temperature levels of the autumn period will have a favourable effect on
cotton yields.
However, higher temperatures during the reproductive period may adversely
affect the number of fruiting elements formed, causing them to drop off.
In evaluating the effect of climate change on agroclimatic resources and yields
attention needs to be paid to an important aspect associated with worsening
environmental conditions. Degradation of the soil and scarcity of water may lower
existing agricultural yields, whereas climate change may either aggravate the situation
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The findings of research in this area are reviewed in publications by F. A
Muninov, Weather, climate and cotton (1991) and A.K. Abdullaev, Agrometeorological
evaluation of the condition of the cotton crop in Uzbekistan and forecasting its yield
(1997).
The research done has enabled times for sowing cotton to be selected taking
damage to seedlings from unfavourable conditions into account, including frost damage,
even though this may happen only once or twice in a decade.
Cotton yields are very closely linked to agrometeorological factors and
cultivation methods (thinning, pinching out, defoliating, etc.). Hence, in order to improve
evaluation of the condition of the cotton crop from the standpoint of its effect on yield,
the relationship was found between the lengths of the periods elapsing between the
dates of onset of different phases of development oif the cotton plant and the dates on
which various agrotechnical measures were carried out, and criteria determined for
evaluating the condition of the crop in terms of the length of the periods between
sprouting and thinning, between thinning and pinching out and between pinching out
and defoliating and assessing their effects on crop yields. Methods were developed as
a result for qualitative and quantitative assessment of the existing and forecasted
condition of phase of growth, rate of formation of the components of cotton productivity
and yield, the magnitude of crop yields. Methods were also developed for forecasting
cotton yields for individual fields based on biometric parameters and meteorological
factors affecting yield, as were methods for forecasting average regional cotton yields
well in advance.
Great attention has been paid to the study of physiological and biochemical
processes taking place in plants during their growth period and the effect on
meteorological factors and agrotechnical measures, to determine the optical properties
of the leaves of various varieties of cotton plants of various sorts and to establish the
effect agrometeorological conditions have on the chlorophyll content of leaves.
The findings were used to develop mathematical models of the soil-plant-air
system. A dynamic statistical model was developed that was suitable for evaluating the
effect of agrometeorological conditions on cotton yields. The model took account of the
processes of photosynthesis, respiration, formation of biomass elements and yield of
seeds.
Studies are under way to develop a method for forecasting developmental rate
of rice and mean regional rice yields. Much work is being done on the agricultural
meteorology of pastureland.
Desert and semi-desert pastures make up almost 70% of the land surface of
Uzbekistan and are principally used for raising karakul sheep. The presence of desert
and semi-desert pastures in Uzbekistan of plant species with differing growing
conditions, nutritional properties and harvest (artemisia, ephemeral plants, salines, etc.)
makes it possible to pasture stock throughout the year.
Methods developed earlier for determining seasonal fodder stocks on
pastureland and zoometeorological studies to assess the effect of meteorological
conditions on grazing conditions for karakul sheep at various seasons of the year
provide the basis for wide-ranging agro-zooclimateic assessment of grazing conditions
for sheep in order to make judicious use of desert and semi-desert pastures. An
outcome of that comprehensive assessment has been the agro-zooclimatic zoning of
karakul pastures in terms of grazing conditions, which have made it possible to identify
not only areas offering good grazing conditions but also those where grazing conditions
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PROGRESS IN AGRICULTURAL METEOROLOGY
AND COMBATING DESERTIFICATION:
A TOPIC OF PARTICULAR INTEREST TO THE REGION
0. L. Babushkin

UZBEKISTAN

As agricultural policy in Uzbekistan adapts to the new reality of independent
development and to probable climate change, the provision of agrometeorological
services to agriculture has become a particularly pressing issue.
Research on agricultural meteorology began in central Asia as early as the start
of the present century. The main lines of which being established in the 1920s with the
principal aims of providing the economy of the Republic with information for the rational
use of climatic resources, data on the current and likely future condition of agricultural
crops and crop yields.
Agricultural meteorology in Uzbekistan is expanding its research in the areas of
irrigated and dry crop cultivation, pastureland vegetation and assessment of the effects
of weather and climatic conditions on grazing stock.
The changes brought about by different farming techniques, different varieties
and the effect of anthropogenic factors have made it necessary to improve earlier
methods and develop new ones for evaluating and forecasting agrometeorological
conditions affecting the growth and yield of crops grown in Uzbekistan (cotton,
tomatoes, brassica, water melons, melons, maize, alfalfa, grapes).
The agroclimatic conditions prevailing in Uzbekistan are sufficiently good for the
cultivation of a whole range of warm season crops. However, poor meteorological
conditions (frost, hail, heavy rain, high and low temperatures, etc.) and industrial and
anthropogenic factors (departures from the best times for sowing crops or from
standards for application of fertilizers, irrigation or other farming practices, pollution of
the air and soil, etc.) militate against making the best use of existing agroclimatic
resources.
Research in recent years has established a causal relationship between
bowered yields and unproductive temperatures, and demonstrated the degree of
decline in the use of the thermal resources of crops under the influence of frost, high
temperatures, high doses of fertiliser, time of sowing, etc.
The development of methods for evaluating the effect on crop yields of poor
weather conditions, anthropogenic factors and failure to make full use of agroclimatic
resources has been reviewed by F. A. Muminov and H.M. Abdullaev in The agroc/imatic
resources of Uzbekistan (1997).
Cotton cultivation is a major area of research in agricultural meteorology ln
Uzbekistan. Cotton is the principal cash crop and largely determines its economy in
Uzbekistan.
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In arid and semiarid regions, especially in Asia with rapid increasing population,
soil resources and water resources strains in order to cope with increment of water
requirement caused by climate change, it should be emphasized to adopt water-saving
management measures so as to improve irrigation efficiencies.

7.

Conclusions

Water-saving and rational irrigation are the important approaches to solve water
resource shortages and to develop sustainable agriculture. There are many aspects of
agrometeorology to be considered in implementing rational irrigation. Meteorological
office and agrometeorologists should actively carry out the agrometeorological
information service based on the study results about crops and water as well as
weather forecasting by using meteorological observation monitoring system and
communication network system.
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The changes of temperature and precipitation resulted from greenhouse gases
increase also indirectly affect the water use of plants. Normally in middle latitude
regions the 1°C of temperature increase will increase evapotranspiration by 5% (Parry,
1990). For example in eastern part of England the mean temperature increase of 2°C
will make the potential evapotranspiration increased by 9% (assuming precipitation is
constant). In some cases increased precipitation is more enough to compensate
increment of evapotranspitation. For example in Ontario under the scenario of 2x C02
by GFDL and GISS the mean temperature during the growing season might raise
1.7 oc and 1.8 oc, respectively, and precipitation increases by 45% and 57%. But
higher possibility will occur such as no increase or little increase in precipitation, which
means water shortage would become serious and irrigation application would increase.
According to the estimation in USA in the case of climate with 2xC02 water application
in irrigation in southern region will increase by 25%, in Northern Great Plains 10%, thus
the consumption rate of underground water will increase and result in the cost increase
of agricultural production (Parry, 1990). In most of the Western and Southern Europe
the irrigation water is also expected to increase. According to the study results from
China (Wang Shili et al., 1996), the potential and maximum evapotranspiration during
whole growing season of winter wheat in North China will grow 50-70 mm under
temperature increment of 1.5 oc, about present' s 8%-10%, actual evapotranspiration
could increase only 1% - 2% (Tab. 2), much less than the increment of maximum
potential evapotranspiration. Even under scenario of composite model with increasing
precipitation, actual evapotranspiration would only be 2% - 3% more than that in
present climate. In the light of calculation, actual evapotranspiration will increase the
same as that of maximum evapotranspiration only when precipitation increases 20%30% . However it is estimated that the precipitation increases in East China in future is
only 2%-4.5%. In this case if temperature rises, the water deficit in growing season will
become greater, and the water deficit isoline would shift southwards from current
position. lt is clear that in this region where water stress is already serious, water deficit
would be more sensitive to increasing temperature and more serious. Therefore series
of consequences would occur, such as deterioration of wheat climatic suitability,
reduction in yield, increase of irrigation cost and shortage of water resources.

Table 2 Change of Evapotranspiration in Whole Growing Season of Winter
Wheat in North China under Climate Change

Scenario
Scenario
Scenario
Scenario
Scenario

1
2
3
4
5

PET
mm
%
50-70
8-10
50-70
8-10

ETM
%
mm
50-70
8-10
8-10
50-70

ETA
%
mm
1-2
4-5
5-10
2-3
4-7
10-30
7-12
20-45
35-65
11-17

Scenario 1: temperature increase of 1.5 ·c
Scenario 2: composite model temperature change
Scenario 3: composite model temperature change with a precipitation increase
of 10%
Scenario 4: composite model temperature change with a precipitation increase
of20%
Scenario 5: composite modei temperature change with a precipitation increase
of30%
(AfterWang Shili et al., 1996)
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flow model was formed. Generally speaking this kind of model combines the water
movement in soil with plant and atmosphere on the basis of equation of water and heat
movement in root zone, using water taking up models of roots. At the same time the
dynamic process of water flow movement in SPAC is reflected through adjusting and
feedback by stomata. A complex SPAC model consists of sub-model of water
absorption by roots, sub-model of net radiation in canopy, gross stomata resistance
sub-model, transpiration and leaf water balance, water movement parameters, canopy
temperature as well as evaporation in surface and precipitation, soil heat flux etc. The
key issue of water flow in SPAC is to calculate resistance, including resistance of heat,
moment, water and C0 2 exchange, stomata resistance and gross resistance of canopy.
The determination of resistance needs field experiments in detail.
5.2

Crop modeling

Crop growth simulation model is another more complex and detailed
mechanistic model. The model of crop yield response to water in the publications of
FAO is a simple static model, where yield response coefficient Ky indicates the effect of
water stress in some development stage on final yield. While from mechanic point of
view, the C0 2 used in photosynthesis process and water vapor consumed by
transpiration are transferred through stomata. Under the condition of sufficient water
supply the transpiration can proceed at the potential rate, which ensures the
photosynthesis. In contrast leaf stomata might be closed due to water shortage, which
leads to decrease of C02 assimilates and reduction of dry matter growth rate as well as
influencing partitioning of dry matter. Water shortage also affects growth of leaf and
expansion of leaf area, thereby influences the intercept of photosynthetically active
radiation. This process is dynamic and continuous. In the crop simulation model with
second production level (water insufficiency is a major limiting factor), the ratio of actual
transpiration to potential indicates degree of water stress, and is used to estimate its
effects on growth and distribution of dry mater, feature of leaf photosynthesis as well as
leaf withered degree. Compared with water flow model mentioned above, crop growth
simulation models better combine crops with water, more thoroughly simulate the
growth, development and their response to water. Therefore more rational and scientific
irrigation schedule is easy to get based on crop model and inputting appropriate crop,
soil and climate data. In USA crop simulation models are used in putting forward
irrigation plan (Penning de Vries, 1989).

6.

Effects of Climate Change on Water Use Efficiency and Irrigation

The increase of greenhouse gas concentrations in atmosphere induced by
human activities will have direct and indirect effects on agricultural production, which
vary over different regions and different crops. With regard to the effects on water use
of plants, the increase of C02 would enhance photosynthesis benefit to crop growth. At
the same time increased C02 concentration would result in stomata close. Therefore
the transpiration per unit leaf area tends to be reduced and water requirement
decreases owing to stomatal closure, which might raise the water use efficiency of
plants (i.e. ratio of dry matter weight to transpiration water amount). According to
experiments under doubling of C02 concentration the stomata of plants will decrease by
40 %, and therefore transpiration falls down by 23-46 % (Cure and Acock, 1986). lt is
evident that plants, which are often influenced by water stress in arid and semi-arid
regions, will benefit from it. But there is still a lot of uncertainties, such as plants leaf
area will expand because C02 concentration increase enhances photosynthesis rate,
while it is not clear how much leaf area increase offsets the decrease of water
transpiration from stomatal closure.
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According to the experimental results, in jointing-maturing stage, soil moisture stress
has the most serious effect on production, thus water supply should be ensured in this
period . The irrigation amount is decided according to the target function as
B,1 =C1~ Y,rC2I,rC3S1
St.: I,J~ (Fc-Wt)

(22)

where 8 11 is the economic benefit resulting from the j1h irrigation amount in the ith
growing stage. lij is the j 1h irrigation amount in the ith growing stage (mm/ha.).~ Yij is the
change of production resulting from the j 1h irrigation amount in the ith growing stage
(kg/ha.) S1 is an irrigation switch factor (S 1=0:off, S1=1 :on ) , C 1 is the price of wheat, C2
is the price of water, C3 is the irrigation cost ( such as labour, machine, etc ) per time. Fc
is the field capacity (mm). W 1 is the soil moisture content (mm). Irrigation should not be
applied when Bii<O, when 8 11>0 irrigation should be applied with the amount to maximize

B,i·
B11 =max{B 11 , j=1 ,2,3 .... }

4.5

(23)

Service subsystem

The irrigation decision is sent immediately to local government and decisionmaker via high-frequency telephone, alarm and paper material, and to the farmers via
news media such as television and radio broadcast.
The system was applied to more than 3 million ha. in 90 counties of the North
China Region. Accuracy of the irrigation decision reached about 95 per cent. Before the
introduction of the system, 4-5 irrigation treatments were applied during whole growing
period of winter wheat. Now only 1-3 irrigation treatments are conducted and water use
efficiency is greatly improved. The application of the system saved 270 RMB Yuan per
ha owing to lower input and higher production.
This system has been welcomed by governments and farmers, and has become
an important agricultural measure for sustainable development of irrigation agriculture
in the North China Region.

5.

Application of Modelling in Irrigation Scheduling

Water is a major carrier of energy and mass exchange in soil-plant-atmosphere
continuum (SPAC). Evapotranspiration is the continuous process in this system. The
factors effecting crop transpiration and crop water requirement are very complex, any
single factor and static process couldn't overall reflect and reveal the inherent law. The
SPAC comprehensive research, soil water modeling and crop growth simulation
become new and feasible approaches to study better crop yield response to water and
to formulate optimal irrigation schedule.

5.1

Water flow modelling in SPAC

Water flow modeling in SPAC is based on soil physics, plant physiology,
micrometeorology in farm field. Since the concept was put forward by Phi lip in 1966 the
studies on water flow modeling in SPAC has got quick progress and development with
the extension of mathematics, physics, chemistry, biology to this field, as well as the
wide application of computers. In consideration of equation of \."Jater vapor, heat and
moment in canopy, in HEJMDAL model of Hansen in 1979, the photosynthesis,
respiration and growth were taken into account, then the comprehensive SPAC water
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The scheme changed irrational traditional irrigation system, achieving the object
of saving water and increasing production in the demonstrated areas. Since 1989 the
large-scale popularization of wheat optimal irrigation scheme has been carried out in
North China. To determine proper irrigation time and amount, and to ensure stable and
high production of winter wheat with limited water resource, Monitoring Forecasting
Assessing Decision-Making Service System (MFADSS) of soil moisture stress of winter
wheat was constructed on the basis of experimental research on the relationship
between soil moisture and winter wheat. The system is composed of five subsystems
as shown in Fig.6 (An Shunqing, 1997).
4.1

Monitoring subsystem

The monitoring subsystem mainly focuses on monitoring soil conditions, wheat
and atmosphere, and provides basic data for irrigation decision. Total 250 monitoring
sites in winter wheat fields were set up according to climate and soil type. In each site,
the soil moisture (100 cm depth), growing stages, plant density, leaf area and depth of
underground water level were observed systematically. Relative meteorological data is
obtained from meteorological stations nearby the monitoring sites of the winter wheat
fields.
4.2

Forecasting subsystem

This subsystem forecasts future soil moisture with forecasting model for soil
moisture, which is expressed as
Wt =W<t-1) +P<t-1) -10K<t-1>ETo<t-1l

(20)

where W 1 and W<t-1> are the soil moisture in the root zone 10 days from the
present day and the present day respectively. P<t-1> is the effective precipitation in the
10-day period (mm), and ETo(t-1>is the average potential evapotranspiration in the 10day period. K<t-1> is the average relative evapotranspiration in 10-day period. Potential
evapotranspiration (ET0) is calculated with the Penman equation modified by FAO
(Doorenbos, 1979).
The average relative evapotranspiration (K) is a function of soil moisture and
leaf area index , and is expressed as
K=a+b*ln(W)+c*ln(LAI+1)

(21)

where W is the soil moisture content . a, b, c are coefficients . LAI , the leaf area
index , is a function of accumulated temperature and soil moisture.
4.3

Assessing subsystem

On the basis of monitored soil moisture and forecasted soil moisture, this
subsystem assesses the soil moisture stress level using a soil moisture stress index
and adequate moisture index of winter wheat.
4.4

Decision-making subsystem

This subsystem decides whether to irrigate as well as when and how much to
irrigate. The decisions are made mainly on the basis of soil moisture stress level,
condition of water resources and the potential economic benefits of irrigation, etc.
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such as precipitation, temperature, wind speed for the following several days. Then it is
determined if crops require irrigation and how much should be irrigated. Finally the
irrigation scheme guideline is provided to farmers by telephone, TV station, newspaper
and computer network such as Internet.
From environment and resources point of view this service will reduce
consumption of water resources and obtain high and stable agricultural production at
the same time. For farmers it is possible to alleviate the risk of agricultural production,
reduce cost and increase benefit. lt is also helpful for meteorological office in extending
services to agricultural production and improves benefit.
Meteorological office has superiority in meteorological information service to
water-saving irrigation. Meteorological station network distributes in locations with
different climate and different agriculture patterns. There is also information
communication network system to collect, transform and disseminate, and as well as
weather forecasting of long-term, mid-range and short-range. Agrometeorologists have
rich research results in the relationship of crop with water and scientific irrigation
schedule. In addition meteorological office collaborates well with departments of
agriculture and hydrology. Based on study on agricultural production, soil status, and
climate and on development of irrigation software, the meteorological information
service of irrigation can be put into operation through experiments, improvement and
optimization.
Here is an example of agrometeorological information service in irrigation
planning in China. North China region belongs to the semi-humid climate zone with
precipitation inadequate in spring, great precipitation variability in summer and frequent
drought occurrence. During the growing season of winter wheat, the precipitation in the
North China amounts to only 100-250 mm and cannot meet the demand of winter wheat.
Shortage of water resources has a severe influence on agriculture especially on wheat
production.
However sometimes the waste of water in over-irrigation is common in this
region. lt is very important for sustainable agriculture in this area to save water
resources, improve the water use efficiency and develop agricultural production. Based
on the experiments, the relationship between crop water consumption and crop yield
was analyzed, optimal water consumption and water stress index were established, and
study on wheat field soil moisture modeling and wheat drought prediction were
conducted, and the wheat optimal irrigation scheme was proposed (Table1) (An
Shunqing, 1993)
Table 1. Soil moisture stress indices and adequate soil moisture index
for winter wheat (w, mass soil water content, %).

Soil stress rank
Winter wheat
Soil moisture
Stress rank
Winter wheat

Extreme stress
Field capacity
w
(%)
<7.5
<34.0
mild stress
Field
w
capacity(%)
9.1-12.6

40.1-55.0

Severe stress
Field capacity
w
(%)
7.6-9.0
34.1-40.0
Adequate moisture
Field
w
capacity(%)
12.755.1-80.0
17.5
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Peff = 0.6 Ptot -10 for Ptot <70
Peff = 0.8 Ptot -24 for Ptot >70

(17)

(3) empirical formula
Pett =a Ptot +b
(18)
Values for a, b are correlation coefficients, which may be determined from local climatic
data.
(4) USDA Soil Conservation Service Method
Pett = Ptot (125-0.2 Ptot)/125 for Ptot <250 mm
Peff = 125+0.1 Ptot
for Ptot >250 mm
(19)
Required crop data of an input table, including lengths of individual growing
stage (days): initial phase, development stage, mid-season and late season; crop
factors (Kc), rooting depth (meter), allowable depletion level (p) and yield response
factor (Ky). In addition, date of planting is separately provided.
3.2.3.31rrigation scheduling
After completion of the crop water requirement calculation, irrigation scheduling
of the crop may continue proceeding. The calculation of irrigation schedules is based on
the water balance on a daily basis. For the calculation, apart from the data on climate
and crop available some soil parameters are important: they are total available soil
moisture content (TAM), initial soil moisture depletion, maximum rooting depth and
maximum rain infiltration rate. In addition soil type description is also needed as input.
The irrigation-scheduling program allows a range of options, depending on the
specific application the user is aiming at. The scheduling option refers to time options
and application options, which answer when irrigation is to be applied and how much
water is to be given, respectively. The options of irrigation timing are: 1) each irrigation
is defined by user, i.e., for evaluation and simulation purpose; 2) irrigation at critical
depletion: for optimal irrigation, below or above critical depletion; 3) for practical
irrigation: irrigation at fixed intervals per stage and at fixed depletion; 4) for deficit
irrigation at given ETcrop reduction(%) and at given yield reduction(%). There is a case
of rainfed agriculture, where only the monthly rainfall is considered.
There is four application options: 1) each irrigation depth is defined by user, 2)
refill soil to field capacity and 3) refill below or above field capacity, as well as 4)
application depth is fixed by the user.
3.2.3.4 Scheme water supply
Using this program element the monthly irrigation water supply is determined for
a region where several irrigated crops are grown at different percentage of cropped
area and different planting date.

4.

Agrometeorologicallnformation Application in Irrigation Management

As mentioned above, crops need appropriate irrigation time and amount for
sustainable agriculture. How to achieve this purpose? lt can be operated by
meteorological stations or meteorological service companies using certain expert
systems of meteorological information service aiming at irrigation. Firstly soil water
content is predicted according to measured previous precipitation and irrigation, current
soil moisture status and crop growth conditions, as well as predicted weather elements
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supply is chosen such as variable interval and variable amounts, or fixed interval and
variable amount or fixed intervals and fixed amounts.

3.2.3

FAO irrigation schedule program "CROPWAT"

In order to help both irrigation engineer and farmers to carry out standard
calculations for design and management of irrigation schemes under varying water
supply condition, FAO developed a practical computer program "CROPWAT" to
calculate irrigation requirements and generate irrigation schedules based on lots of
detailed methodology studies presented in FAO Irrigation and Drainage Papers No.24
"Crop water requirements" and No.33 "Yield Response to water". CROPWAT version
5.6 is an update of earlier versions and includes a revised method for estimating
reference crop evapotranspiration using approach of Penman-Monteith as
recommended by FAO Expert Consultation in May 1990. CROPWAT version 5.7 (Smith,
1992} based on 5.6 Version, facilitates the linkage to the CLIMWAT Program, a climatic
database of 3 261 stations of 144 countries worldwide (Smith, 1993}.
CROPWAT is a computer program to calculate crop water requirements and
irrigation requirements from climatic and crop data. The program, furthermore, allows
the development of irrigation schedules for different management conditions and the
calculation of scheme water supply for diverse cropping patterns.
There are 4 major functions in CROPWAT, which may appear on screen main
menu: ET0 Penman-Monteith calculation, crop water requirements, irrigation scheduling
and scheme water supply. Of course other options related computer also are on screen,
such as printer setting, drive and directory path setting.

3.2.3.1 ETo calculation
The reference evapotranspiration is calculated from monthly climatic data that
are obtained by following the Penman-Monteith approach adopted by FAO. The
program allows both input of new climatic data for Penman-Monteith calculation and the
retrial of existing ETo data from desk. The data are required on the following:
Basic information on the climatic station: country name, station name, altitude,
latitude and longitude, monthly climatic data on temperature, relative humidity, daily
sunshine and wind speed.

3.2.3.2 Crop water requirements
Calculation of crop water requirements is divided into 3 steps: 1) to input and
process monthly evapotranspiration and rainfall data, 2) to input crop data and planting
date, and 3) to calculate crop water requirements.
To account for losses due to surface runoff and deep percolation, the effective
rainfall is used. There are four different methodologies to determine the effective rainfall
in the program:
(1)

fixed percentage of rainfall:

Pett =a Ptot
Normally, a=0.7-0.9, Pto1 is total precipitation.

(2)

(16)

dependable rain: An empirical formula was developed in FAO to estimate
dependable rainfall:
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3.2.2 Net irrigation and irrigation scheduling
The water balance equation can be rewritten as:
In= ETcrop- (Pelf+ Ge)+ ~S
With ~ S= 8 0 , 1- Sc,i-1 , the change in soil
irrigation requirement to keep soil moisture
percolation or surface runoff. Assuming that
throughout the irrigation season, then A.S will
will be equal to

(13)
moisture over time interval i. In is the net
constant without water losses due to
initial soil moisture will be maintained
be zero and net irrigation requirements

In= ETcrop- (Pelf+ Ge)
However, irrigation without any losses does not yet exist. Thus more water
should be applied than the quantities to the net irrigation requirements.
The soil water balance method defines not only the water application time, but
also the water application depth (Da). The net volume of water to be given should be
equal to the amount required to bring the soil water content back to field capacity, and
is equal to: RAM = pDSa.
The irrigation interval (INT) is determined as:

INT =pDSa
I
I

(14)

n

For the timing of water application based on the soil moisture balance different
methods can be used, such as simple scheduling method, real-time scheduling, and
practical irrigation schedules, which is used depending on the accuracy required and on
the amount of data available.

Simple scheduling method
For the capillary rise from groundwater and leaching requirements equal to zero
the relationships for the timing of water application are following:
(15)
The method can be applied over the whole season or month by month using
mean values of climate data.

Real-time scheduling
Under real time scheduling the climate conditions of the moment are taken into
account, i.e., daily weather data during the growing season are available. This requires
processing of climate data day-by-day and will only be used under well-prepared
technological conditions and by skilled farmers.

Practical scheduling
Many systems cannot deal with such ideal situation, and also water supply may
not be under the direct control of the scheme management. In practice, some rotational
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3.2.1

Plant-soil-water system

3.2.1.1 Soil water characteristics
Water is stored in the soil within the pore spaces between the soil particles. lt is
held to the particles by forces of attraction acting between the water molecules and the
particles of the soil matrix. When all the available pore space is filled with water, the soil
is called to be saturated. At this point the water is not very strongly held to the soil
matrix, and drains freely under gravity. The field capacity water content (Stc) is that soil
water content, which is held by the soil matrix against the gravitational forces and
achieved in 1 to 2 days after saturation. As water uptake progresses, the remaining
water is held by the particles with greater force, making it more difficult for the plant to
extract it. A point is reached when the plant can no longer extract water in sufficient
quantities and wilted plants do not recover at night, the plants have permanently wilted
and soil water is said to be at the permanent wilting point (Swp). The amount of water
held between field capacity and permanent wilting point is water available for the crop
to use: Sa= Stc- Swp
The magnitude of Sa is a function of soil texture. The total available soil moisture
(TAM) is the multiple of Sa and rooting depth.
lt must be pointed out that soil acts as a storage medium for water, while the
roots also act the organs of water absorption. The effective root depth changes with
crop growth, the depth increases until a maximum at peak growth, usually at the end of
the development stage. Although water is theoretically available up to willing point the
experience shows that growth reduction occurs before this point is reached. Readily
available soil moisture (RAM) is defined as the fraction (p) of total available soil
moisture (Sa) that a crop can extract from the soil without significant water stress.
RAM= p·TAM = p-D·Sa

(11)

Where D is depth of the root zone.
RAM is a function of both the crop and the soil. lt indicates the tolerance of the
crop to water stress because it gives the fraction of Sa that can be safely removed
before stress occurs. If soil moisture is at field capacity (FC) just after the water gift, one
can allow the crop to take up water equal to RAM before providing the next water gift. In
this sense RAM is also called " allowable depletion" . The fraction (p) is " depletion
factor" , and its magnitude has to be decided for each crop in a given soil. Generally p
is determined by the rooting characteristics of the crop.

3.2.1.2 Soil water balance
Crop growth depends on the availability of water in time and in adequate
quantities. In irrigation planning the water balance is used to simulate soil water content
and to predict soil water stress and yield reduction. The soil water balance equation is:
Sc,i = Sc,i-1 +Peft +In +Ge- ETcrop

(12)

Where Se is the actual available moisture, Pett is effective rainfall, In is net
irrigation requirement where deep percolation loss is assumed as zero. Ge is capillary

rise from the groundvvater table.
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selection of the approach depends on the purpose of the calculation, the accuracy
required, climatic data available and the time step.
The single crop coefficient integrates differences in the soil evaporation and
crop transpiration rate between the crop and grass reference surface. This approach is
used to calculate ETc for weekly or longer time periods, and can be applied in planning
studies and irrigation system design.
In the dual crop coefficient approach the effects of crop transpiration and soil
evaporation are determined separately, in which the basal crop coefficient ( Kcb )
describes plant transpiration and soil water evaporation coefficient Ke presents
evaporation from the soil surface.
(10)
Kc= Kcb+ Ke
where Kcb basal coefficient, Ke soil water evaporation coefficient, respectively.
The Kcb represents the baseline potential Kc in the absence of the additional
effects of soil wetting by irrigation or precipitation. The Ke describes the evaporation
component from the soil surface. The dual coefficient approach requires more
numerical calculation than the procedure using single crop coefficient. lt is best for real
time irrigation scheduling and for soil water balance computation. The relevant content
can be seen in FAO Irrigation and Drainage Paper No. 56 (Alien, 1998).
3.1.3.4 ETc under non-standard conditions

The crop evapotranspiration under non-standard conditions (ETc adi) is the
evapotranspiration from crops grown under management and environmental conditions
that differ from the standard conditions. Soil water shortage and soil salinity may reduce
soil water uptake and limit crop evapotranspiration. Low soil fertility, salt toxicity, soil
waterlogging, pest, diseases may result in scanty plant growth and low
evapotranspiration. In this situation the correction on ETc is required. The
environmental effects can be described by introducing stress coefficient and by
adjusting Kc to the field conditions. The content in detail is in publication of FAO
Irrigation and Drainage Paper No. 56 (Alien, 1998).
3.1.4

Crop water requirements

The amount of water required to compensate the evapotranspiration loss from
the cropped field is defined as crop water requirement. The values for crop
evapotranspiration and crop water requirement are identical, but the concepts are
different. Crop water requirement refers to the amount of water that needs to be
supplied, while crop evapotranspiration refers to the amount of water that is lost through
evapotranspiration.
3.2

Irrigation scheduling

Irrigation management on farm is concerned with the management of water
supply to the crops. The goal is to maintain optimum water supply so that neither water
deficit nor water excess conditions are created. To perform this management task
effectively both the water requirements of the crop and the water storage characteristics
of the soil have to be known.

173
ETt= ETa Kc

(9)

Where ETc - crop evapotranspiration (mm d-1), Kc - crop coefficient
(dimensionless}, ET0 reference crop evapotranspiration(mm d-1).

Kc only relates to disease-free crops, growing in large fields under optimal soil
water and fertility conditions and with full production potential under the given
environment. Kc varies predominately with specific crop characteristics and only to a
limited extent with climate. lt presents an integration of the effects of four primary
characteristics that the crop differs from reference grass. They are crop height, albedo
of crop-soil surface, canopy resistance and evaporation from soil, especially exposed
soil.
The Kc in equation above predicts ETc under standard condition with optimal
agronomic and soil water conditions, no limitations by such as water shortage, disease,
insect, weed etc. Under the non-standard condition Kc will be adjusted.

3.1.3.2 Factors determining Kc
There are different factors determining the crop coefficient.

Crop type
The evapotranspiration from full-grown, well-watered crops differs due to their
differences in albedo, crop height, aerodynamic properties, leaf and stomata properties.
The Kc factor is often 5-10 % higher than reference (Kc =1.0), while even 15-20%
greater for some tall crops, such as maize, sorghum, and sugar cane.

Climate
The Kc values in FAO Irrigation and Drainage Paper are typical values for
average Kc under a standard climatic condition. However variations in wind and relative
humidity alter the aerodynamic resistance of the crops. More arid climates and
conditions of greater wind speed will have higher values for Kc. The ranges in Kc
caused from climate and weather conditions are quite small for short crops, but are
large for tall crops. Thus some adjustment for tall crops are needed.

Soil evaporation
For full-cover crops Kc mainly reflects differences in transpiration, while after
rainfall or irrigation the effect of evaporation is predominate when crop is small and
scarcely shades the ground. For such low-cover conditions the Kc coefficient is
determined largely by the frequency with which the soil surface is wetted. If soil is wet
for most of the time from rainfall or irrigation, the evaporation from the soil surface will
be considerable and Kc may exceed 1.

Crop growth stage
Kc for a given crop will vary over the growing period. Normally Kc has different
values in three stages: initial, mid-season and late season.

3.1.3.3 Single and dual crop coefficient
Crop coefficient can be one single coefficient or slip into two factors describing
separately the differences in evaporation and transpiration between both surfaces. The
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watered conditions the stomatal resistance, r1 of single leaf has a value of about 100
sm-1 • A general equation for LAI active is :
LAI active =0.5 LAI
For clipped grass LAI is calculated with
LAI=24 h
Where his the crop height(m).
In FAO Penman-Monteith equation by assuming crop height of 0.12 m and
stomata resistance of 100 sm-1, the surface resistance for the grass reference surface
becomes:

rs =

100
0.5(24)(0.12)

~

70 sm -1

(7)

By defining the reference crop as a hypothetical crop with an assumed height of
0.12 m having a surface resistance of 70 sm - 1 and an albedo of 0.23, the FAO
Penman-Monteith method to estimate ET0 can be derived:
0.408~(Rn

ETo=

-G)+ y

900

T+273
~ + y(l + 0.34uz)

uz(es- ea)

(8)

lt is possible that precision instrument under excellent environmental and
biological management conditions will show the FAO Penman-Monteith equation to
deviate at times from true measurements of grass ET0 . However, FAO Expert
Consultation agreed to use the hypothetical reference definition of the FAO PenmanMonteith equation as the definition for grass ET0 when deriving and expressing crop
coefficients. lt is a close and simple representation of the physical and physiological
factors governing the evapotranspiration process.

3.1.3

Crop evapotranspiration

3.1.3.1 Calculation
The crop evapotranspiration under standard conditions, denoted as ETc is the
evapotranspiration from disease-free, well-fertilized crops, grown in large fields, under
optimum soil water conditions, and achieving full production under the given climatic
conditions. Differences in leaf anatomy, stomatal characteristics, aerodynamic
properties and even albedo cause the crop evapotranspiration to differ from the
reference evapotranspiration under the same climate.
The crop evapotranspiration differs distinctly from the reference
evapotranspiration because the ground cover, canopy properties and aerodynamic
resistance of the crop are different among grasses. The evapotranspiration rate from a
cropped surface can be directly measured by the mass transfer or the energy balance
method, and it can also be derived from meteorological data and crop data by means of
the Penman-Monteith equation. But the albedo and resistance are difficult to estimate
accurately because they vary continually during the growing season of crops with the
change of climatic conditions, crop developments, as well as soil water conditions.
Therefore the crop coefficient approach is often adopted based on reference
evapotranspiration from FAO Penman-Monteith method. Crop evapotranspiration is
calculated by multiplying ET0 by Kc:
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Where ra aerodynamic resistance (sm-1)
Zm : height of wind measurement (m)
Zh : height of humidity measurements (m)
d : zero plane displacement height(m)
Zom: roughness length governing momentum transfer (m)
Zoh : roughness length governing transfer of heat and vapor (m)
k : von Karman' s constant, 0.41 (-)
1
Uz :wind speed at height z (ms- )
The equation is restricted to neutral stability conditions. The application of the
equation for short time periods (hourly or less) may require corrections for stability.
However when predicting ET0 in the well-watered reference surface, heat exchange is
small, hence the stability correction is normally not required.
Many studies have explored the nature of the wind regime in plant canopies.
Zero displacement heights and roughness lengths have to be considered when the
surface is covered by vegetation. The factors depend upon the crop height and
architecture. Several empirical equations for estimation of d (zero displacement height),
Zom, Zoh are developed. In FAO Penman-Monteith for a wide range of crops they are
estimated from the crop height h (m):
d=2/3 h
Zom=0.123h
Zoh (m) can be approximated by:
Zoh=0.1 Zom
Assuming a constant crop height of 0.12m and a standardized height for wind
speed, temperature and humidity at 2m (zm=zh=2m), the aerodynamic resistance ra (s
m·1) for the grass reference surface becomes:

ra =
Where

I [2-2/3(0.12)] 1 [ 2-2/3(0.12) ]
n 0.123(0.12) n (0.1)(0.123)(0.12)
2

(0.41) uz
Uz is

=
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uz

(5)

the wind speed (m s·1) at 2 m.

(Bulk} surface resistance (rs)

(Bulk) surface resistance (r5 ) describes the resistance of vapor flow through the
transpiring crop and evaporating soil surface. An acceptable approximation is:

n
LAlactive

rs=---

(6)

Where rs (bulk) surface resistance (sm-1)
r1 - bulk stomatal resistance of the well-illuminated leaf(sm-1)
LAI active- active (sunlit) leaf area index (m 2 (leaf area) m·2 (soil surface))
The bulk stomatal resistance r1 is the average resistance of an individual leaf.
This resistance is crop specific and differs among crop varieties and management. lt
usually increases as the crop ages and begins to ripen. However there is a lack of
detailed information on changes in r1 over time for the different crops. Under well-
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where available climatic data include measured air humidity. The Blaney-Criddle
method is used for areas where available climatic data cover air temperature data only.
Some comparative studies on these methods are summarized as follows. The radiation
methods show good results in humid climate where the aerodynamic term is relatively
small, but performance in arid conditions is erratic and tends to underestimate
evapotranspiration. Temperature methods remain empirical and require local calibration
in order to achieve satisfactory results. Pan evapotranspiration method clearly reflects
the shortcomings of predicting crop evapotranspiration from open water evaporation,
but they are susceptible to the microclimatic conditions, the performance proves erratic.
The modified Penman method was considered to offer the better results with minimum
possible error in relation to a living grass reference crop in this paper. While since its
publication, FAO Penman method was found to frequently overestimate ET0 even by up
to 20%, the other FAO recommended equations showed variable adjustments to the
grass reference crop evapotranspiration. With the advances in research and more
accurate assessment of crop water use it is needed to update the FAO methodologies
and to formulate a standard method for the computation of ET0 • As a result of an Expert
Consultation held in May 1990, the FAO Penman-Monteith method is now
recommended as the standard method for the definition and computation of the
reference evapotranspiration in FAO Irrigation and Drainage Paper No. 46 'CROPWAT'
(Smith, 1992). lt is a method with strong likelihood of correctly predicting ET0 in a wide
range of locations and climates, and has provision for application in data-short
situations. The use of older FAO or other reference ET methods is no longer
encouraged.
The FAO Penman-Monteith equation is based on Penman-Monteith equation,
which was further developed by many researchers and extended to cropped surface by
introducing resistance factors.
The Penman-Monteith form of the combination equation is

AET =

~( Rn

-G) + paCp

(ea-es)
-'--___c_

~+r[l+ ;:]

ra

(3)

Where Rn is the net radiation, G is the soil heat flux, (ea-es) represents the vapor
pressure deficit of the air, p a is the mean air density at constant pressure, C P is the
specific heat of the air, l:l represents the slope of the saturation vapor pressure
temperature relationship, y is the psychrometric constant, and rs and ra are the (bulk)
surface and aerodynamic resistance. In equation most of parameters are measured or
can be calculated from weather data.
As an operational estimation method based on climatology, there are some
assumptions and empirical coefficients so as to get FAO Penman-Monteith equation.
Aerodynamic resistance {ra)
The transfer of heat and water vapor from the evaporating surface into the air
above the canopy is determined by the aerodynamic resistance:

ln[zm-dljlnlr zn-dlj
Zom

euz

Zoh

~=~~--~~---=

(4)
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zone or even transferred horizontally by subsurface flow in (SFin) or out of (SFout) the
root zone. However in many situations, SFin and SF out are minor and can be ignored.
Soil evaporation and crop transpiration deplete water from the root zone. If all other
fluxes can be assessed the evapotranspiration can be deduced from the change in soil
water content (ASW) over the time period. The soil water balance method can usually
only give ET estimates over long periods of the order of week-long or ten-day periods.
ET estimated from pan evaporation
Evaporation from an open water surface provides an index of the integrated
effects of radiation, air temperature, air humidity and wind on evapotranspiration.
However, differences in the water and cropped surface produce significant differences
in the water loss between an open water surface and the crop. The pan has proved its
practical value and has been used successfully to estimate reference
evapotranspiration by observing the evaporation loss from a free water surface and
applying empirical coefficients to relate pan evaporation to ET0 •
ET computed from meteorological data
Owing to the difficulty of obtaining accurate field measurements, ET is
commonly computed from weather data. A large number of empirical or semi-empirical
equations have been developed for assessing crop or reference crop
evapotranspiration from meteorological data. But some of them cannot be applied
under conditions different from those under which they were originally developed. In the
FAO Irrigation and Drainage Paper No. 24 ' Crop Water Requirements' (Doorenbos,
1977) and No.33 ' Yield response to water' (Doorenbos and Kassam, 1979), the
reference evapotranspiration ET0 and the crop coefficient Kc were presented, and
estimation methods of ET0 including Penman method, Blaney-Criddle, and the pan
evaporation methods were recommended for low evaporation conditions.
The evapotranspiration rate from a reference surface, no shortage of water, is
called the reference crop evapotranspiration or reference evapotranspiration. This
concept of the reference evapotranspiration was introduced to study the evaporate
demand of the atmosphere independently of crop type, crop development and
management practices. Relating ET to a defined specific surface provides a reference
to which ET from other surface can be related. The reference surface is a hypothetical
grass reference crop with specific characteristics. In this situation the use of other
denominations such as potential ET is strongly discouraged due to ambiguities in their
definitions.
Distinctions are made among reference crop evapotranspiration (ET0 ), crop
evapotranspiration under standard conditions (ETc) and crop evapotranspiration under
non-standard conditions (ETcadj).
3.1.2

Reference evapotranspiration and FAO Penman-Monteith method

The FAO Penman-Monteith method is recommended as the sole ET method for
determining reference evapotranspiration. A large number of more or less empirical
methods were put forward to estimate evapotranspiration from different climate
variables over the last 50 years. Relationships were often subject to rigorous local
calibrations and proved to have limited global validity. In FAO Irrigation and Drainage
Paper ' Crop water requirements' , four methods were presented to calculate the
reference crop evaporation methods. The radiation method was suggested for areas
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radiation, air temperature, air humidity and wind terms should be considered when
assessing transpiration. Transpiration rate is also influenced by crop characteristics,
environmental aspects and cultivation practices. Evaporation and transpiration occur
simultaneously.
Therefore, weather parameters, crop characteristics, management and
environmental aspects affect evapotranspiration process. The principal weather
parameters are radiation, air temperature, humidity and wind speed. The crop type,
variety and development stage should be considered when assessing the
evapotranspiration from crops. Differences in resistance to transpiration, crop height,
crop roughness, reflection, ground cover and crop rooting characteristics result in
different ET levels. In addition, factors such as soil salinity, poor land fertility, limited
application of fertilizers, the presence of hard or impenetrable soil horizons, the
absence of control of diseases and pests and poor soil management may also limit the
crop development and reduce the evapotranspiration. Other factors are ground cover,
plant density and the soil water content.
Scientists concern determining evapotranspiration over long time. There are
several methods to introduce here.
ET measurement
Evaportranspiration is not easy to measure. Specific devices and accurate
measurements of various physical parameters are required to determine
evapotranspiration. This is done in lysimeters.
Energy balance and microclimatological method
Evaporation of water requires large amounts of energy. Therefore the
evapotranspiration process is governed by energy exchange at the vegetation surface
and is limited by the amount of energy available. lt is possible to predict the
evapotranspiration rate by applying the principle of energy conservation. The equation
for an evaporating surface can be written as:
Rn-G- A.ET-H

=0

(1)

Where Rn is the net radiation, H the sensible heat, G the soil heat flux and A.ET
the latent heat flux. Rn supplies energy to the surface, while G, A.ET and H remove
energy from the surface. The latent heat (A.ET) can be derived from the energy equation
if all other components are known. Net radiation (Rn) and soil heat fluxes (G) can be
measured or estimated from climatic parameters. Measurements of the sensible heat
(H) are complex and cannot be easily obtained, because it requires accurate
measurement of temperature gradients above the surface.
Soil water balance
Evapotranspiration can be determined by measuring the various components of
the soil water balance:
ET

=I+P-RO-DP+CR ± ~SF ±~SW

{2)

Irrigation (!) and rainfall (P) add water to the root zone. Part of (I) and (P) might
be lost by surface runoff (RO) and by deep percolation (DP). Water might also be
transported upward by capillary rise (CR) from a shallow water table towards the root
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distribution curve with -single peak in a year is suitable to water requirements of maize,
hence farmers chose corn as major crop instead of wheat.
2.2.4 Water -saving irrigation
In terms of irrigation, developing modern irrigation facilities is a major approach
of water-saving agriculture, including permeation-proof techniques of irrigation canals,
carrying water by pipelines, changing surface irrigation without control into sprinkle
irrigation and drip irrigation as well as dry land agriculture techniques and management.
On the other hand from agrometeorological point of view some non-engineering
measures are also important for water-saving agricultural production. Rational and
optimal irrigation schedule including appropriate irrigation time and water amount has
very evident effect on water-saving agriculture when considered previous rainfall and
irrigation, current water status in soil, the water requirement of crops in different
development stages and weather forecasting.
Water consumption of crops is controlled by many factors, among which the
major one in a given area is crop yield level. According to research results, the relation
between crop yield and water consumption is featured with parabola. At lower yield
level the yield increases quickly with increment of water consumption. When yield
reaches certain level, yield increment is not proportional to consumption increases,
even presents decrease trend. This means that more irrigation water does not bring
good benefit. The amount and date of irrigation should be determined according to
comprehensive goals of high yield, economic benefit, and sustainable usage of water
resources. There is an example. According to the traditional agricultural practice in
North China 5-6 times irrigation during whole growing season of winter wheat is often
adopted at such stages as before sowing, before winter coming, turn green, jointing
stage, earring stage and grain-filling stage etc. But some studies show that by full using
natural rainfall and stored water in soil, and rationally controlling irrigation in critical
stage of water demand and in dry period, it is possible to get wheat yield the same as
the value under traditional irrigation system under normal climate, some even might be
higher in the areas with high production level.

3

Irrigation Scheduling

3.1

Determining crop water requirements

The determination of irrigation water amount is based on the crop water
requirements and precipitation amount, so the precondition and basis of rational
irrigation scheduling is to understand and determine the crop water requirements.
3.1.1

Evapotranspiration concept and determining

Evapotranspiration {ET) is a process in soil-plant-atmosphere system. lt is
combined with two separate processes, which are evaporation from the soil surface and
evapotranspiration from crops. Evaporation is the process whereby liquid water is
converted to water vapor and removed from the evaporating surface. Energy is required
to change the state of the molecules of water from liquid to vapor. Direct radiation and
the ambient temperature of the air provide this energy. The driving force to remove
water vapor from the evaporating surface is the difference between the water vapor
pressure at the evaporating surface and that of surrounding atmosphere. Transpiration
consists of the vaporization of liquid water contained in plant tissues and the vapor
removal to the atmosphere. Crops predominately lose their water through stomata.
Transpiration depends on the energy supply, vapor pressure gradient and wind. Hence
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efficiency and improve irrigation system. Some possible approaches to save
agricultural water are stated as follows.

2.2.2

Water harvesting

Water harvesting is an approach to collect and store rain water to be reserved
as drinking water and agricultural water. lt has been used since ancient time in arid and
semi-arid areas, such as Iran, Saudi Arabia, Yemen, Jordan and western China etc.
As mentioned above, there are large arid and semi-arid regions in Asia,
especially in Middle East. There rainfall is low and highly variable, while potential
evapotranspiration is much greater than the amount of rainfall. For example annual
rainfall in some areas of Iran is 100-150 mm, even 50 or 25 mm. While the
evapotranspiration amount is about 2 500 mm, in Tabas of Iran it is reported as 4 075
mm. Aridity is a serious problem in these areas. lt is notable that significant
characteristic in rainfall in these areas is high variability, and rain usually comes in
sudden storms in a short time. Therefore it is possible for surplus water to be collected
and stored by means of reservoirs or some containers so as to be used later or carried
into other areas. In this way, the lost due to ineffective evaporation and runoff is
avoided, and limited water resources is more efficiently used in drinking of man and
animals as well as for agricultural production. lt is clear that water harvesting is a kind
of practical water-saving approach.
The common methods of water harvesting include different kinds of land
alterations, such as constructing contour ditches to collect runoff from hillside,
excavating pits or storage reservoirs, and building small dams to store water. In order
to reduce the cost of water catchments, some chemicals are treated on the soil surface
to prevent water from soaking into the soil. In China the area of western region
accounts for 55% of total acreage of China. Due to the climatic condition and historic
reason the runoff and erosion are very serious. In northwestern region, 34 200 000
people are suffering from lack of drinking water. In recent decades, rainwater
harvesting projects are carried out. Small pools and storage reservoirs as well as small
storage dams were built nearby roads, farmland and backyards. The traditional water
harvesting methods combine with modern water-saving irrigation techniques, are
becoming useful approach to resolve the drinking water difficulties and agriculture
water resources strains.

2.2.3

Optimal cropping system based on rainfall distribution characteristics

In the areas with water resource shortage, cropping system including layout and
preparation of crop planting should be adapted to climate conditions especially
precipitation and its distribution in a year so as to rationally use water resources and to
get evident benefit. Some adaptations might be considered, such as expansion of
winter-growing crops that are less demanding on water, and crop rotation and multicropping according to the water requirements of crops and seasonal distribution of
precipitation.
In some rainfed agriculture areas in China there is cropping pattern of summer
dormancy-spring wheat-spring wheat. During summer dormancy in the first year
farmland is ploughed twice. In this way the rainfall in three years is supplied to crops
growth during two-year period, the water contradiction in rainfed agriculture might be
retarded. In Guanzhong area, Shanxi Province of China, precipitation is large in July
and September, while drought occurs in August due to less rainfall. Therefore yield of
maize with large water consumption is not stable. The cropping pattern is changed
from maize to winter wheat successfully. In contrast in northern areas rainfall
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Rice paddy is cultivated in most areas of East Southern Asia and Eastern Asia.
However, in these areas rice growth in 65% of paddy field depends on rainfall, there is
no fine irrigation system in 33% of rice field, furthermore only 2% of rice field is of
advanced irrigation facilities. In India rainfall is plentiful, but irregular date of rainy
season's coming results in the high variability of rainfall amount, and drought and
flooding occur. Most of paddy rice in Sri Lanka depends on irrigation. In the dry western
Asia most of crops is influenced by water stress in the middle and later growing season
due to quick increment of temperature in spring and long duration of high temperature
in summer. So the crop yield is lower and variable, such as wheat production in Iran
and Iraq.
In order to make sustainable development of agriculture and to meet the
demand for food of increasing population in Asia, it is necessary to develop watersaving agriculture, to raise water use efficiency and to make effective supplementary
irrigation for crops.

2.2

Water-saving agriculture in temperate Asia

2.2.1

Importance of water-saving agriculture

Population increase, resource shortage and environment degradation are the
three global problems. As for water resources, the contradiction between increment of
population and water resources lack is very sharp in most developing countries.
According to statistics population in the world in 1950's was 2 500 million, while in year
1999, it becomes 6 000 million, which means that it increased by 1.2 times in 50 years.
While the water consumed in agriculture increased 5 times, in the same period by 26
times in industrial production and by 18 times in civil water, respectively. The world
population is expected to increase at the rate of 81 million per year. lt is not hard to
imagine that the requirement of water will rise and situation of water shortage will
become more serious in future.
Since most of the Asian countries are developing countries, agriculture is an
important sector of national economy and the demand for food is quite large. Water
resource shortage and food security are big challenges in this region.
In China there is frequent drought events because of the monsoon climate. The
acreage of irrigated farmland amounts 50 millions ha, and 4*10 11 m3 water each year
used in agricultural production, from which 80% of grain production and 90% of cotton
output come. This accounts for 50% of cultivated land area. However China is of poor
and limited water resources, where amount of water resources per capita in China is in
position of 1091h in the world, corresponding to 1/4 of world level. On the other hand,
the waste phenomenon of limited water is common and serious. Compared with water
use efficiency of agriculture in developed countries with 70-80%, very low value of 3040% exists in China. Here is an example. Beijing city, the capital of China, has similar
acreage of cultivated land to Israel. Its amount of total water resources and water used
in agriculture is 2.04 times of values in Israel, but the gross agriculture production is
lower than the value of Israel, water consumption of agricultural production output
value every 105 RMB Yuan amounts to 2.76 times of the value in Israel. This
phenomenon is very common in developing countries. According to statistics water
amount used in irrigating farmland per hectare in developing countries is two times of
the value in industrial countries, while the crop yield only accounts for 1/3 of latter. lt is
clear that a major reason refers to irrationality of irrigation system.
The only approach to mitigate water shortage and to achieve sustainable
development of economy is to develop water-saving agriculture, increase water use
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2.

Water-saving Agriculture in Asia

2.1

Agricultural water status in Asia

Water is an essential factor in plant life. Almost all of processes of plant growth
and development are closely related to water. On one hand water is the transporting
carrier of mineral nutrients absorbed by plants, on the other hand water participates the
physiological and biochemical reactions including photosynthesis. At the same time
water is also the major component of plant organic body, and mechanically supports
the plants. If there is no sufficient water supply, the water taken up by plants cannot
meet the requirement for water metabolism, hence the basic life action will be retarded.
There would be no life and no agriculture without any water.
Water is one of three environmental conditions to maintain growth and
development of plants, i.e. solar radiation, heat and water. Water is a kind of dynamic
natural resource. The water resources in a region consist of atmospheric precipitation,
surface water, soil water and underground water. The precipitation is the major part of
water resources, and also influences the other three parts.
The annual precipitation in Asia distributes basically at zonal style. While
moisture in Asia comes from Atlantic and Indian Ocean, and influenced by monsoon,
so annual precipitation also varies with distance from the oceans and degree of
continentality. The amount of annual precipitation in southern and eastern part is more
than the value in north and west. The annual rainfall in Eastern South Asia and
Southern Asia is more than 2 000 mm, in Northern and western Asia less than 250 mm,
and it is even below 50 mm in central part of dry desert, such as 50-100 mm even less
than 50 mm in Saudi Arabia, 100-300 mm in Iran, Iraq and Syria. The rainfall in central
Asia regions is less than 250 mm.
The characteristics of annual precipitation in Asia play an important role in
fundamental layout and structure of local agriculture in Asia. Generally speaking the
climate in region with annual precipitation less than 500 mm is suitable to animal
husbandry production. Cropped areas distribute in the region with precipitation more
than 500 mm. Oasis irrigation agriculture is located in the region of annual precipitation
less than 400 mm, while dry agriculture is centered in the region with 400-600 mm, and
rainfed agriculture region has precipitation of 600-1 000 mm. The areas with rainfall
more than 1 000 mm is characterized by wet agriculture. In Asia, rainfed agriculture
and paddy field are centered in eastern and southern regions, but dry land agriculture
is distributed in central region of Asia, while animal stock and oasis irrigated agriculture
occupy in the areas with rare precipitation.
The rainy season is centered in some season of the year in most areas. In
eastern part of China, Southern Asia and East Southern Asia more than 60% of rainfall
in a year is concentrated within 3-4 months. These characteristics make people in
these regions to arrange crop layout, farming patterns, planting time etc. according to
the feature of seasonal distribution of precipitation.
Except for few regions, the agricultural production strongly depends on natural
precipitation in most of the regions in Asia. There exists lack of rainfall, with unequal
spatial distribution in annual precipitation as well as seasonally uneven variation in a
year. These unfavorable conditions result in regional or seasonal drought and water
stress so as to lead to the unstable production or yield reduction. lt can be seen from
some examples. There is large variations and different distribution of precipitation in
various areas and seasons in China. Drought often occurs not only in northern areas,
but also in specific seasonal periods in southern parts even with sufficient precipitation.
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Summary
In this report the status of agricultural water in Asian countries is analyzed and
the importance of water-saving agriculture and rational irrigation is elaborated. Some
major water-saving approaches are introduced briefly including water harvesting,
optimal cropping system under rainfall distribution characteristics as well as watersaving irrigation. On which the focus was given was to introduce the calculation
methodologies of crop water requirements and irrigation scheduling. The updated
methods with computer programs of FAO irrigation scheduling are described. lt is also
discussed how to operate agrometeorological information service in irrigation planning
and management. In addition the application of soil water movement modeling and
crop growth simulation model in irrigation planning is discussed. Finally the possible
effects of climate change on water use efficiency and irrigation were also analyzed.

1. Introduction
Drought is one of the major natural disasters, causing serious losses in
agricultural production and national economy in temperate Asia. Irrigation is a basic
approach for human being to avoid and alleviate drought influence so as to improve
agriculture. In recent years with the population increasing, lack of water resources,
environment deterioration as well as frequency increasing of climate extreme events,
the demand for food inevitably conflicts with the shortage of water resources,
therefore, developing water-saving agriculture, rational use of water resources and
optimal irrigation become more and more important. However in irrigation management
there are two kinds of problems to be solved. One is inappropriate number of irrigation
and water supply under sufficient water resources, which lead to the waste of water
resources, even to crop yield reduction. The other problem occurs in case of water
shortage, there is no enough water, no optimal irrigation scheduling in critical stage to
raise water use efficiency and to get high production as much as possible.
The key approaches to solve irrigation problems include thorough grasping and
understanding of the response of crop yield to water and then adopting scientific
irrigation ways to balance the conflict between needs of maintaining high yield and
limited water resources. From the agrometeorological point of view, it is needed to
draw up the optimal water supply plan and irrigation schedule based on the monitored
meteorological information from meteorological station network, considering the water
movement laws in the soil-plant-atmosphere system and crop yield response to water.
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comprises 99.000 hectares; average forest comprise approximately 1.8 million hectares,
bamboo forest 1 million hectares and pine forest in 135.000 hectares. Recognizing that
forest area as a precious resource and playing an important role in environmental
protection, Vietnam has set up a plan to rehabilitate destroyed forest, to increase forest
cover to 36%, and after 2010 gradually to increase forest cover to more than 50%.
Table A3. Forest prediction for the next century.

Type
Forest area
Forest cover percentage

1990
9.39
28.32

2000
11.99
36.16

2010
13.50
44.93

2025
15.00
45.23

2070
16.00
48.25

2100
17.00
51.26
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Appendices
Agricultural and forestry baselines in Vietnam
Agriculture: In Vietnam potential agricultural land is about 10-11 million ha, of
which potential lands of annual crop and perennial crops are 8 million hectares and 23
million hectares, respectively; in 1990 the snow paddy field area was about 6 million
hectares. Presently, 65% of agricultural land reserves have been used, of which
cultivated lands of annual crop and perennial crop area are 5.6 million hectares and
860.000 ha, respectively. The lands to be developed are located for the most part oneroded hillsides. The percentages of total cultivable area in each region are: 76% in
central Vietnam, 44% in the northern mountainous region, 45% in south central Vietnam,
34% in the eastern part of the south, 7% in the Red river delta and 18% in the Mekong
river delta. In 1990 the capital land availability was 0,11 hectares which ranked 159th
among 200 countries in the world. This figure continues to decline in coming decades
because of population growth, urbanization, etc. To increase food production there is no
way other than to increase crop intensity, which is still at a low level.
Below is the projection of land use in coming decades (table 1).
Table A1. Projection of Agricultural land.
Type
Total foodstuff area
Rice sown area
Paddy cultivated area
Upland crop cultivated area
Crop intensity percentage

1990
7.110
6.028
4.109
1.083
147

2000
8.00
6.75
4.50
1.25
153

2010
9.30
8.00
5.00
1.30
160

2025
10.5
9.35
5.50
1.15
170

(Unit: 106 ha}
2070
2100
11.5
13.0
12.35
10.6
5.90
6.50
0.65
0.90
190
180

From Table 1, it can be shown that in the year 2100, there will be agricultural
land at 13 million hectares, of which the maximum paddy cultivated area is 6.5 million
hectares, accounting for 50% of agricultural land. The area sown in rice will be 12.35
million ha, corresponding to a crop intensity of 1.9.
After many years of food shortages, Vietnam has reached food self-sufficiency
and beginning in 1988 became a rice-exporting country. In 1990 food production was
21.5 million tons of paddy equivalent. lt is expected that 30 million tons of paddy
equivalents will be produced by the year 2000, if the average growth rate is 3.1% for 10
years. The potential for food production development is mainly concentrated in the
Mekong delta. Projection are given in the following table:
TbiA2P.
ro ecf 1on o fi\oo ds t uff prod UCf IOn.
a e
Type
1990
2000
2010
2025
53.0
Rice production (106 tons)
21.5
30.0
36.6
Growth rate (%)
324
2.0
1.5
3.1
1.0
381
454
Average (kg/person)
369
Meatproduction (10(j tonsJ
2.15
3.35
0.98
1.6
Fish production (10(j tons)
2.22
3.46
1.5

2070
72.9
1.1
457
8.16
8.43

2100
95.4
0.9
546
12.75
15.27

Forestry: forestry area and forest reserves have declined rapidly. The forest
cover percentage has decreased from 43.9% in 1943 to 28% in 1987. More than 7
million hectares of forest have been destroyed over the last 40 years.
Presently the barren land is about 13.8 million hectares or 41% of the country's
total area. In 1990, forest area was only about 9 million ha, of which production forest
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Lack of capital for investment in feed processing facilities and other
infrastructure and resources improvements.
Vietnam wishes that all countries in the region cooperate in the investigation and
exploitation of natural resources in a manner which conforms to the common interests
of each country as well as of the region. All countries in the region should cooperate in
conducting emission inventories and identifying measures of regional emission
mitigation either by technological or economical means.
In addition, Vietnam is willing to cooperate in investigating and analyzing
greenhouse gases related national and regional policies and measures of mitigating
and preventing impacts caused by climate change and of ensuring sustainable
development.
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Table 14. Total emission from rice paddy in Vietnam.
Total
Emission
without
organic
amend.
(Tg)
1.2678

The north of Vietnam
Emiss Corr. Emiss.
Proportion w/o factor from
org.
rice
of
ecoemiss. amnd.
(%)
system
0.9737
0.487
2
38.3

Unit" Tg
Total
The south of Vietnam
ProEmiss. Corr. Emiss. Emiss
portion
(Tg)
w/o
factor from
of
organic
rice
ecoemiss. amnd.
(%)
system
0.7810 1.755
61.6
0.7816
1

The methane emission from rice paddy without organic amendment is 1.2678
Tg. lt is noted that the proportions of rice area in the north of Vietnam are 38.4% where
the paddy applied organic amendments. Therefore the estimation of methane
emissions from paddy rice fields in the north Vietnam reaches to around 1 Tg and the
methane emission for 1993 in the territory is 1.755 T g CH 4
Table 15. Seasonal integrated flux (SIF} g m'2) values.

Site 1 (spring rice)
Site 2 (Summer rice)

Mean
SIF
25.24
50.04

Range (minmax) ofSIF
20.03-30.45
42.5-57.58

SIF Values
prior to 1998

Measurement
Period (from-to)
17/III-10NI/98
23NII-2/IX/98

4.6.3 Conclusion and recommendation
4.6.3.1 Significant measures for GHG mitigation in agriculture
Water management and intermittent drainage of irrigated rice paddy
fields
Changing cropping pattern from two rice crops to 3 crops systems: rice
- upland crops - rice
Direct sowing of rice paddy
Using bio-fertilizers on the field crops
Rational feeding of livestock
Using bio-gas in rural areas
As presented, the most promising option for reducing emission has been analyzed:
Water management and intermittent drainage of irrigated rice paddy
fields and rational feeding of livestock. These options will also lead to
the improvements of the standard of living of rural population.
4.6.3.2 Investment cost for mitigation options
For the mitigation option in livestock the required incremental
investment is accounted to 91.9 millions USD.
For the mitigation option of water management, it is estimated to be
US$ 5 620 millions until 2020.
4.6.3.3 Barriers to mitigation options
Lack of knowledge about methane emission from rice fields and r
uminant on part of government officials, planers, decision makers, etc.,
Limited infrastructure for development of production and dissemination
of technologies,
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Table 11. Integrated Methane flux in g m·2 for the site during cropping season.
Unit: g/m2
Spring rice
Summer rice
25.24
IMF
50.04

I

Tabl e 12 R"ICe harvest ed area Wl"th wa t er managemen t regime ·1n v·1et nam.
Harvested area (Mh)
Water management regime
1990
1993
1994
Irrigated
5.045
5.460
5.472
Deep water (<100cm)
461
458
451
Rained (<50cm}
521
641
675
Total sowing area
6.027
6.559
6.598
The following table 13 described the distribution of harvested area in different regions of
Vietnam.

.
I d1stn
. "b ut1on
. ofh arvested area in v·1etnam.
Tabl e 13. Reglona
Harvested area Per total area
Region
(1000 ha)
(%)
1. North mountain and midland
12.38
812
The north of
2. Red river delta
15.75
1033
Vietnam (1)
3. North central coast
10.27
674
Sub total
38.40
2519
4. South central coast
525
8.00
5. Central highland
The south of
2.85
187
Vietnam (2)
6. North east of south
335
5.12
7. Mekong river delta
2.993
45.63
61.60
Subtotal
4040
Total
6559
100%
The figures in the table 14 show:
( 1) In the north of Vietnam, rice fields is applied by organic and chemical
fertilizer.
(2) In the south of Vietnam, applied by chemical fertilizer.
The emission factor used for various categories and sub categories of rice
ecosystems without organic amendments.
lt is noted that: for irrigated and continuously flooded, lowland rice ecosystems,
the default seasonally integrated methane emission is 20 gm·2 for soil without organic
amendments. For conversion to CH 4 emission from soil with organic amendments, it is
applied a default correction factor of 2 (range 2-5) to the corresponding rice ecosystem
without organic amendment category. According to the above-mentioned interpretation,
the total emission from rice paddy in Vietnam is calculated and described in table 15.
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Table 10. Name of the site: Hoai Due Agromet. station (summer rice).
Days
Soil
Water level
after/before
Soil Eh
Methane flux
Date
Temp.
above soil
Transplantation
(m V)
(mg m 2 h1)
(Deg.C)
(cm)
(OAT)
(4)
(5)
(2)
(8)
(7)
(3)
(6)
{11
Ave
A.N
F.N

23.7.98
25.7
27.7
29.7
31.7
3.8
5.8
7.8
10.8
12.8
14.8
17.8
19.8
21.8
24.8
26.8
28.8
31.8
3.9
5.9
7.9
9.9

3
5
7
9
11
14
16
18
21
23
25
28
30
32
35
37
39
42
45
47
49
51

40.0
29.0
31.2
35.0
36.2
37.0
40.1
39.4
32.0
36.4
39.2
32.9
37.8
34.0
37.6
42.0
41.0
33.2
38.2
24.4
34.7
32.0

(1)

(2)

(3)

11.9
14.9
16.9
18.9
21.9
28.9
30.9
2.10
5.10
7.10
10.10
12.10
14.10
16.10
19.10
21.10
23.10
26.10
28.10
30.10
2.11

53
56
58
60
63
70
72
74
77
79
82
84
86
88
91
93
95
98
100
102
105
Remark: Ocm m water level
is wet

19.56
57.17
44.07
15.24
24.01
22.8
22.54
29.22
31.88
35.76
45.12
33.1
79.53
55.05
59.72
44.84
57.81
46.14
19.48
11.47
7.50
11.52

2
2
7
6
5
2
1
1
3
1
4
3
4
4
4
1
1
1
1
2
2
1
(4)

(5)

(6)

(7)

(8)

15.81
33.1
1
12.46
25.0
2
4.56
31.4
14
8.34
32.6
12
12.70
32.4
9
10.42
30.5
3
3.67
31.2
0
4.60
28.4
0
0.14
21.8
0
0.56
27.1
4
11.54
33.0
10
29.4
7.13
8
3.02
29.8
7
4.37
38.8
4
27.8
3.67
0
1.81
35.2
0
0.40
34.6
-180
0
0.10
37.3
-160
0
36.0
0.70
0
30.4
0.06
0
0.79
24.6
0
..
above so1l: 1tmeans the water level less than 1 cm; the soli
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Details of any other measurements done: none
Methane flux data reporting table for each site
Table 9. Name of the site: Hoai Due Agromet. station (Spring rice).

Date

(1)

17.3.98
19.3
21.3
23.3
25.3
27.3
30.3
1.4
3.4
6.4
8.4
10.4
13.4
15.4
17.4
20.4
22.4
24.4
27.4
29.4
2.5
4.5
(1)

6.5
8.5
11.5
13.5
15.5
18.5
20.5
22.5
25.5
27.5
29.5
1.6
3.6
5.6
8.6
10.6

Days
Soil
after/before
Temp
Transplantation
(Deg.C)
(OAT)
(3)
(2)

29
31
33
35
37
39
42
43
45
48
50
52
55
57
59
62
64
66
69
71
74
76
(2)
78
80
83
85
87
90
92
94
97
99
101
103
105
107
110
112

Water level
above soil
(cm)

F.N

A.N

Ave

(4)

(5)

(6)

(7)

(6)

(7)

(8)
4.60
5.04
11.24
0.90
3.05
15.28
12.5
24.97
12.89
30.10
15.11
12.26
2.68
7.52
3.26
0.44
14.36
88.54
18.05
8.40
27.74
0.89
(8)
4.17
3.06
2.98
5.97
5.88
3.06
7.07
16.58
5.64
1.08
0.82
1.64
0.00
2.01
4.31
3.04

24.2
25.0
24.4
18.0
18.0
21.8
24.8
25.0
25.5
28.8
31.0
26.8
28.1
24.0
26.2
25.4
32.0
34.8
26.6
27.2
32.0
32.4
(3)

31.4
31.0
29.2
31.2
32.5
34.4
29.2
32.9
27.9
30.4
28.5
33.5
37.0
30.5
32.5
29.5

Methane flux
(mg m"2 h1)

Soil Eh
(m V)

1
1
1
1
1
1
1
0
1
0
1
0
0
0
0
0
1
1
0
0
0
1

(4}

(5}

0
0
0
0
0
4
2
0
0
0
0
0
0
12
12
1

Remark: 0 cm in water level above soil: it means the water level less than 1cm; the soil
is wet. Methane flux data report table for each site
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T a bl e 8 Stu diY s1"tes andl ocat'10n.
Site-1 (Spring rice}
Name and location
Hoai Due Agromet.
Station
(1}
(2)
Paddy water regime/Ecosystem
Irrigated
(IPCC 1996)
17.111.98
Start of cH 4 measurements
3 days per week
(date and frequency)
Crop schedule
Kim B
- Cultivar
- Duration of crop
135
26.1
- Date of sowing
- Date of transplant (DOT)
15.11
- Date of Harvest (DOH)
10.VI
- Panicle emergence stage
- Heading stage
- Flowering stage
8.V
20.V
- Maturity stage
- Grain yield
5000 kg/ha
- Biomass yield
First: 26.11
-Weeding schedules
Second: 14.111
Soil
Light loam
-Type
(1}
(2)
50,40,10
-Texture (% sand, silt, clay)
% Org. Content
3.3
12.7
- C/N ratio
6.8-7.8
-pH
- EC (m mho cm -1)
- CEC (me/1 OOg)
12
- WaterJ>ercolation (mm/d)
250
-Average soil temperature
23.0
at transplantation
Panicle emergence heading
31.0
and flowering
Maturity stages
29.2
Fertilizer application
126 kg N
- Inorganic (applied as)
220
kg p
Doze of N, P and K in kg/ha
56 kg K

-

Organic (type) and doze
(kg/ha)

-Inorganic and organic
- Any other amendment
- cH4 Measurements
- Calibration Standards used
- Source of standards
- Inter-comparison with NPL
- Frequency of measurements
- Diurnal flux measurements

Site-2 (Summer
rice} Hoai Due
Agromet. station
(3)
Irrigated
23.VII.98
3 days per week
CR203
121
5.VII
20.VII
4.XI

26.1X
14.X
2900 kg/ha
First 2.VIII
Second: 31.VIII
Light loam
(3)
50,40,10
3.3
12.7
6.8-7.8
12
250
40.0
31.2
29.8
126 kgN
220 kg p
56 kg K

Animal fertilizer

Animal fertilizer

+ Rice straw 14000

+ Rice straw 14000

None
None

None
None

9.39 ppm CH 4 in air
Supekco USA

9.39 ppm CH 4 in air
Supekco USA

3 days per week

3 days per week
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- The introduction of new types of mangrove forests in areas where the
construction of sea dikes is not possible and equipment to improve the
measurement and monitoring of GHG emissions.
There is need for regional cooperation in the following areas:
Inventory and control of emissions.
Monitoring and forecasting climate change
Afforestation and watershed management and
Mitigation of climate change impacts.

4.6.2 CH4 emission from rice paddies
4.6.2.1 CH4 emission measurement from rice paddies
Methane (CH 4 ) is one of the important trace gases in the atmosphere. Like C02 ,
CH 4 is a long life greenhouse gas, the increase of which will directly cause climate
change through radiative processes; Unlike C02 , CH 4 is a chemically active component,
the increase of which will cause changes in atmospheric chemical processes and affect
the concentrations of other trace gases, and hence exert indirect effects on the climate.
Estimate of Methane budget from paddy fields of the country using IPCC-96
Methodology (Details in tables 8 - 11 according to IPCC-96 methodology format).

4.6.2.2 GHG inventory for rice cultivation
Introduction
This inventory is carried by the National technical experts under ALGAS project
with the base year identified 1993 according to the IPCC 1996 guidelines. The
emission factors used in this inventory are IPCC default values for continuously
irrigated, deep water and rained regimes.
Methodology
According to the IPCC guidelines:

Fe= Et X A X 10-2

Where:
• Fe is the estimated emission of methane from a particular rice water regime and
for a given organic amendment, in Tg.
• Ef is a seasonally integrated emission factor and per cropping season, in g m·2 •
• A is the annual rice-cultivated-area under these conditions and per cropping
season, in m·2 •
The estimating emission is based on rice ecosystems related to water regime
namely:
• Upland: fields have no standing water and are located in undulating or sloping
lands.
• Lowland:
+Rained
+Irrigated: continuously flooded and intermittently flooded
+ Deep water rice:

Data and calculating
The data is based on statistical materials from the national institute for
agricultural planning and projection, the ministry of agriculture and rural development.
These materials define three categories of rice field in VIetnam. They are continuousiy
irrigated, rainfed prone, and deep-water rice with water depth ranging between 50-100
cm (table12)
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In forestry and changed land use
By 2010, Vietnam plans to grow 3 million hectares of New Forest, plants 5 billion
trees, and protects 9 million hectares of existing forest. If successfully implemented by
2010, this program would lead to a total forest cover of more than 36% of the land area.
Forest coverage in different parts of the country would be as follows:
10% of the coastal areas
5-10% of the deltas
20-30% of the midlands
40-50% of the low hilly areas
70% of the high mountain areas
In addition, 10 national parks and 47 national reserves will be established. The
cost of the afforestation program is estimated to be about US$ 30-50 million per year.
At the same time existing institution and laws need to be vigorously enforced in the
following areas:
- The law on forest protection an development.
- A policy on forest allocation and long-term use must be further developed.
- People who live in the mountains should be encouraged to abandon slash-andburn agricultural practice to settlement and fixed cultivation.
- A credit bank for agro-forestry and forestry must be strengthened.
In addition to these policies, some programs have be carried out:
- Watershed afforestation programs and the planting of protective for the big
reservoirs.
- A program for vegetable barren land in order to make use of 14 million hectares
of virgin land in the midlands and mountainous areas.
- Environmental programs for sustainable development.
- Seaward colonization programs and using of wetlands and water surface and
- The development of a clean energy policy.
Vietnam will continue to develop its hydropower potential through further
investments in medium and large-scale hydropower plants. To implement this program
of hydropower development, annual costs over the next two decades will be in the order
of US$ 270 million.
At the same time, the use of more efficient stoves will be promoted and coal
briquettes should replace agricultural fuel in order to reduce C02 emissions and
increase the end use efficiency of agricultural biomass. This rural energy program is
estimated to cost US$ 113 million (US$ 5-10 million per year). To facilitate an efficient
monitoring of emissions of GHGs, a database of emissions should be developed and a
proper mechanism for measuring emissions should be established. Establishing a
proper system of measuring emissions and the related inventory database is estimated
to cost US$ 1 million.
In addition to mitigation policies we need further studies on the methodology for
the measurement of emissions from biomass, wet rice cultivation and deforestation.
- The mapping coastal areas including swamps and rice fields in order to identify
suitable locations for new dikes and the investigation of the potential use of
wetlands.
\Ale need technical assistance about the further work that is needed to identify
GHG emission sources to improve measurement and to develop methods to predict
future emissions.
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T a bl e 7 Th e m1"t"1gaf 1on op:f 1ons f or GHG em1ss1on potentials.
Emission
The options
methane

1. Irrigation management for rice field
2. The change of Cropping systems for two crops
fields into rice cultivation (rice+ soybean rice)
3. Improved fertilizer use efficiency
4. The change for livestock management system
5. The change of food for livestock
6. The use of food for animals
7. The use of biology for greenhouse gases emission

(CH4)

Potential
nitrous oxide
(N20)

High
Median

Low

-

Low

High
High
Hioh
Low

-

-

However, two of them identified as the most promising options are listed below:

1.
2.

Water management in irrigated rice paddy fields
Rational feeding of livestock

These mitigation options meet the following general guidelines for the
agricultural sector:
Agricultural production levels will be maintained or enhanced in the
country,
Additional benefits will accrue to the farmer (eg. Reduce labor, reduce
or more efficient use of inputs)
Agricultural products will be accepted by local consumers.
GHGs emitted from agricultural production are mainly from livestock and wet
paddy fields, and include mainly CH 4 , C02 and NOx. The consumption of commercial
energy in this sector is not very high in 1990, accounting for only 1,9% of the total
commercial energy used. Presently muscular energy (human power) and solar power
are the principle energy sources in agricultural production. Owing to progress in agromachinery manufacturing, various small size agro-machines suitable for Vietnamese
conditions were manufactured (plowing tractors, pumps, dryers, rice-husking machines
etc.). Thus the demand for commercial energy will increase greatly in rural areas. lt is
necessary to investigate how to improve the efficiency of agro-machines in order to
reduce energy (and field) consumption.
Wet rice cultivation is the main activity in Vietnamese agriculture. In 1990, wet
paddy fields covered 6.02 million ha, and they are expected to reach 8 million hectares
by the year 2010 CH 4 comes mainly from wet paddy fields; in 1990 the emission of cH4
from wet paddy field was 4 million tons and is expected to increase to 6 million tons in
2000. Presently, it was recovered to produce biogas for cooking in rural areas. However,
this portion is very small, accounting for only 10% of the total emission of CH 4 • In order
to reduce CH 4 emissions, it is necessary to encourage intensive cultivation with higher
yield rather than crop extension and land expansion and to encourage crop diversity
and cultivation of such crops as maize and potato in the uplands, where the water
investment rate is very high.
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soil carbon will generally be stabilized at level consistent with the cultivation practice
used.
Loss of soil organic carbon (SO) occurs due to both enhanced mineralizations of
organic matter and erosion.

4.6.1.4 Prediction of GHG emissions in the future
Under the scenarios of Vietnam population in 2000, 2010 and 2020, greenhouse
gas emissions from Agriculture are estimated as follows (see table 6)
Table 6 The GHG emission in 1993, 2000, 2010 and 2020.
Year
1993
2010
2000
Gas
CH4 N20 CH4 N20 CH4 N20
1. From animal
452
560
692
2. Rice cultivation
1755
1894
1998
27
3. Burning savanna
24
0.3
0.4
12
0.1
4. Field burning waste
16
20
24
0.4
0.5
0.6
3.7
5. Agricultural soil
2.5
3.3
2247 3.2 2501 4.2 2726 4.4
Total
C02 Equivalent
48
54
59

-

-

2020
CH4

N20

927
2111
12
31

0.1
0.7
5.0
5.8

3081
66

4.6.1.5 Mitigation options for GHG emissions
In agriculture
Near-term options
Reduce biomass burning
Reduce methane emissions through management of livestock wastes and
expansion of supplemental feeding practices for livestock.
Reduce nitrous oxide emissions through improved fertilizer efficiency, and
through better use of animal manure.
Longer term options

Management of water regimes development of new crop systems and more
efficient use of fertilizers could lead to 10-30% reduction in methane emissions
from flooded rice paddies.
Reduce methane emissions from livestock by up to 25-75% through improved
stock management systems.
Reduce trace gas emissions from biomass burning, land conversion and crop
managements through an adoption of sustainable agriculture optimizing fertilizer
use, and improved pasture management and grazing systems.
The mitigation options for greenhouse gas emission potential were described in
Table 7 in following.
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Nowadays in Vietnam, with the population to be increased and foods, foodstuff
requirement also increased. The agricultural production needs to be developed so that
the greenhouse gases emissions from agriculture will be increasing.
Table 5: Food and foodstuff requirements (unit: per capita: kg/man/year, amount:
1000 ton).
Year
1995
2000
2010
Per
Amount
Per
per
A( I)
A(ll)
A(l)
A(ll)
capita
capita
capita
Food
174
12870
144
13248 13680
171
13680 14022
10.8
14.4
1325
Pea, Peanut
2
148
864
886
1368
22
36
3312
1620
24
1920
1968
Fish
3420
7
12
516
Meat
960
984
24
2208
2280
Egg(Piece/
72
45
3328
5760
5904
144
13248 13680
man/year)
Milk
37
0.5
320
328
12
1104
4
1140
(lit/ man/year)
Cooking oil
110
1.5
3.6
288
295
5.4
497
513
Sugar
13
1040
1840
3.5
259
1066
20
1900
100
Vegetables
54
4020
8640
8856
9936
100
10260
2000: 1:

11:
2010: 1:
11:

Scenario
Scenario
Scenario
Scenario

1
2
1
2

with
with
with
with

the
the
the
the

population
population
population
population

of
of
of
of

80 million
82 million
92 million
95 million

4.6.1.3 Sources of GHG in Agriculture
Animal husbandry
Animal husbandry results in methane emission from two main sources: enteric
fermentation (the digestive processes of animals) and manure management system
facilities.
Rice cultivation
Methane is emitted from flooded rice fields (both rainfed and irrigated) due to the
anaerobic decomposition of organic matter in the paddy soil. Current estimates of
methane emission from 20 to 150 tg per year (IPCC, 1992), making it one of the largest
anthropogenic sources of methane emission globally.
Fertilizer application
lt is well documented that N2 0 is accumulating in the atmosphere but the
activities that are leading to this accumulation have not yet been well qualified.
Experimental and monitoring date show that when applied to a crop 100 kg of fertilizer
N could result in 50 of the 100 kg of N harvested in the crop and 50 kg by the
combination of leaching (25 kg), surface runoff (5 kg), gaseous losses (20 kg), 5 to 10%
(1 to 2 kg) of the gaseous emissions will be N20.
Soil carbon in cultivated
The soil carbon loss occurs within about 25 years following this initial conversion
of the native land cover to cultivated conditions. Following this initial loss, the amount of
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+ Amount of C02 absorbed by afforestation calculation method similar to one for
deforestation.
4.6.1.2 GHG emissions calculated
Emission from agriculture
The calculation method described in paragraph 1 gave the result described in
table 1 (The emission from agriculture in 1990)

.

. Iture .tn 1990.
Ta bl e 3 T he green h ouse gas em1sston f rom agncu
Emission sources
CH4
N20
(million tons)
(million tons)
The emission from livestock
- Food of ruminant animals
0,255
- Food of non- ruminant animals
0,12
0,76
- Animals wastes
0,95. 3,45
- Wet paddy field
-Fertilizer
0,0464
-Agricultural wastes
0,485
0,00044
Total emission
2,57-5,07
0,0468

c
(million tons)

-

-

-

-

-

4,039
4,039

The total emissions of CH4 from agriculture were 2,57-5,07 million-ton and N20
0,0468 million-ton, respectively.
Emission from forestry
Emissions from forestry were calculated according to the method proposed by
OECD for the year 1990 with 164 000 ha of cleared forest. Because the percentages of
open forest (forest that has been exploited) could not be identified, the average specific
rate of 41,6 TC per hectare was used in this report (see table 4).

t m
. 1990
T
".
f rom f ores[ry
mtssaon
a bei 4 E
Emission sources
CO
C02
CH4
N20
(mil. tons) (mil. tons) (mil. tons) (mil. tons)
From deforestation
The amount of C02
absorbed by trees (5TC/ha)
From timber exploitation
From plowing
Reduction by afforestation

NOx
(mil.
tons)

23,9

0,057
0,105

0,483
0,864

0,000214
0,000343

NO
(mil.
tons)
0,0062
0,0097

3,0

-

-

-

-

-

-

-

-

-

2,0
12,0
1,022

Hence, total emission from forestry would be
TC02 = 23,9+12,0-3,0-1,0=33,9 million tons
T CH4 = 81 500 tons
TCO = 673 000 tons
TN 2 0 = 3 375 tons
TNOx = 7 950 tons

-

-

-

-
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Tn - growth duration taking 90 days for each of 3 crop seasons
h- emission factor in g/m2/day
2
11 = 0.19-0.69 g/m /day
•

Emission of N20 from fertilizer application
TN20 = P.P2.MCF2

Where:P-fertilizers weight
P2 - emission factor of each type of fertilizer
MCF2- gas conversion factor
Emission from agricultural wastes C. CH 4.N 20
TC= Agricultural production 0.75 x 0.8 x 0.45
T CH4 = TC X 0.90 X 0.10 X 16/2
TN20 = TC X 0.01 X 0.07 X 44/28
Method for calculating emissions from forestry
Emission from deforestation

+ C02 gas
TC = F.C.b.MCF3
Where:
F - deforestation area (ha)
C - specific rate for open forest
C- 9.1 ton of
C/ha
for closed forest C = 74.1 ton of C/ha
b - emission factor
MCF3: conversion factor

+ CH4 gas
T CH4 = F X

c X 0.90 X 0.45 X 14 X MCF4

+ Carbon monoxide (CO) gas
TCO = F . C. 0.45 . 0.90 . 15 . MCF5
Where: 15 = 0,075 for low emission
15 = 0,125 for high emission
+ N20 gas
TN 2 0 = F.C. 0.45 . 0.01 . la . MCF6
Where: 16 - emission factor
P6 = 0,005 for low emission
P6 = 0,004 for high emission

+ Amount C02 absorbed by trees
TC02 =F. C. 44/12
Where: TC0 2 - absorbed amount
C - specific rate estimated at 5 ton of C/ha
Emission from timber exploitation
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Table 2. Estimates of methane emissions from rice fields.
Total area of rice
Total rice grain
CH4 emission
Country
paddies (Mha)
yield (Mt/yr)
(Mt/yr)
13-17a
174.7
China
32.2
42.2
92.4
2.4-6°
India
0.02-1.04c
Japan
2.3
13.4
9.6
19.2
0.5-8.8°
Thailand
0.3-0.7e
Philippines
3.5
8.9
6.4
0.04-0.51
1.0
USA
54.6
158.5
9.2-20
Other
9
147.5
473.5
25.4-54
World Total
Greenhouse gases emission from agriculture in other countries in the world
would be shown in reference "Interim Report on Climate change country studies March
1995". For example in Kazakhstan GHG emissions from agriculture for 1990 were C02
-90 000 Gg, NOx-1 052 Gg, CH 4 - 939.4 Gg, N20 • 10.0 Gg, respectively. In Mongolia,
GHG emissions from agriculture for 1990 was; CH 4 - 300.5 Gg.
4.6.1.1 Methodological issues
At present Vietnam has not yet developed its own method to conduct an
inventory and to evaluate the amount of emissions of various greenhouse gases,
especially from agricultural and forest biomass. In this study was used the method
proposed by the Organization for Economic Cooperation and Development (OECD),
1991.
Calculation method for emissions from Agriculture
Emission from livestock is methane, which comes from two sources namely
fermentation and animal wastes.
+ Emission from food fermentation of ruminant animals
T~-t o.8 W 0·75
T ll - emission amount of CH 4
W- animals weight
+ Emission from food fermentation of non-ruminant animals. Talking 1kg
CH4 /year for each pig.
+ Emission from animals waste.
Where:

=

T _ W,.B0 MCF.365.concentation
Jl109
T ll - amount of CH 4 in 106 ton
365- number of days in a year
concentration: 0.662 kg/m 3 CH 4
Vs - evaporable solid substance
Bo - emission potential
MCF - conversion factor
•

Emission of CH 4 from wet paddy fields

TMe

=F.Tn.l,.1000

Where:
T Me - amount of CH4 in ton
F - rice cultivated area per season
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Figure 4. Proportions of the annual increase in global radioactive forcing
attributable to agriculture and agriculture related land use changes.

Agriculture
20%

~~ CH4

.N20
The IPCC first assessment Report (IPCC 1990a, 1990b) concluded that landuse is the most important source of anthropogenic C02 except fossil fuel combustion.
Improving the productivity of existing farmland was proposed to mitigate these
emissions. Regarding the other two trace gases, it was suggested that CH 4 from rice
fields could be reduced by 20-40% and CH 4 from ruminant animal by 25-75%.
Improving Nitrogen (N) fertilizer efficiency and minimizing N surpluses were cited as
important approaches for reducing agricultural N20 emissions, but no quantitative
assessment was made at that time.
Minami (1993) proposed the methodology for estimating global CH 4 emission
from rice fields and presented a CH4 emission range of 10 to 113 Mt CH4/yr from world
paddy fields. A review of CH 4 studies in China, India, Japan, Thailand, the Philippines,
and the United States (Sass, 1994) tightened the range of projected CH 4 emissions
from the rice fields. In his calculations, Sass combined the data for total area of rice
paddies with the flux estimates published in various chapters of Minami et al. (1994) to
produce table 2. For China and India, the annual CH 4 flux estimates were specified by
Wang et al. (1994) and Parashar et al. (1994), respectively. In the other cases, the
figures are based on the minimum and maximum reported emission averages. The rice
areas in the countries shown in Sass' estimate represent 63% of the total world rice
paddy area and result in a total annual CH 4 emission of 16 to 34 Mt. Extrapolating these
data to the world, Sass estimates total CH 4 emissions from rice fields to range between
25.4 and 54 Mtlyr, with 50 Mtlyr as a best-guess global emission value. This value is
near the IPCC (1992) best estimate of 60 Mt CH 4/yr, but the range indicates that the
actual rate may be lower. Wang et al. (1994) estimated the annual CH 4 emissions from
rice in China to range between 13 and 17 Mtlyr. Lin et al. (1994) estimated a slightly
lower value from rice in China of <12 Mt CH 4/yr.
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A conference on the role of carbon dioxide and other greenhouse gases in
climate change was held by the World Meteorological Organization (WMO). The
International Council of Scientific Union {ICSU) and UNEP in 1985 made a conclusion
based on the information available at that time. These current trends in emissions of
C02 and other greenhouse gases would lead to a warming effect equivalent to a
doubling of C02 (in relation to pre-industrial levels) by about 2030. This would lead to
global warming of 1.5 - 4.5°C and a sea level rises of 20-140 cm during the next
century.
WMO/UNEP hosted two workshops in 1987 to examine the conclusions of the
1985 conference in the light of new scientific research and to discuss the possible
effects of climate change on the environment and society. The workshops produced
three scenarios for future greenhouse gas emissions and corresponding temperature
rises by 2050. On the basis of large rises in greenhouse gas emissions the forecasts
estimated a temperature increase of 0.8°C per decade. If there was no change in
emissions trends the increase would be 0.3°C per decade. And if restrictions on
emissions were introduced the rise would be only 0.06°C per decade. Temperature
changes in these ranges were estimated to lead to a sea-level rise of 30 to 150 cm by
2050.
In 1988 WMO and UNEP created the intergovernmental panel on climate
change (IPCC). Working group developed four scenarios for future greenhouse gas
emissions.
Scenario A: Mainly coal-based energy generation, only modest improvements in the
efficiency of energy use, deforestation continues and only partial participation in
implementing the Montreal Protocol.
Scenario B: Lower carbon fuels used in energy generation, large increases in
energy efficiency deforestation reversed and full participation in implementing the
Montreal Protocol.
Scenario C: Shift towards renewable energy sources and nuclear power during
2050-2100, CFCs phased out.
Scenario D: Shift towards renewable energy sources and nuclear power during
2000 - 2050, C02 emissions reduced in the half of 1985 levels by 2050.
Under the scenario An average global temperature was calculated to increase
by approximately 0.3°C per decade resulting in a temperature rise of about 1°C by
2025 and about 3°C by the end of the next century, and sea levels would rise by about
65 cm by 2100.
Scenario B, C and D would lead to temperature increases of about 0.2°C, a little
more than 0.1°C and about 0.1°C per decade, respectively. These predictions are
based on average values obtained by a number of different computer models.

4.6.1 GHG emission from Agriculture and forestry
Agriculture contributes significantly to anthropogenic em1ss1ons of carbon
dioxides (C0 2 ), methane (CH 4 ), and nitrous oxide (N 20). Based on IPCC report (IPCC1994) and additional estimates described below, agriculture accounts for about one-fifth
of the annual increase in radioactive forcing (figure 4). Land use changes related to
agriculture especially in the tropics including biomass burning and soil degradation are
also major contributors.
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Table 1. Summary of some key greenhouse gases influenced by human activities.
Gas
Pre-industrial (1750-1800)
Present
Current rate of annual
atmospheric accumulation

Atmospheric lifetime
(years)

C02
280
ppmv
353
ppmv
1.8
ppmv
(0.5%)

CH4
0.8
ppmv
472
ppmv
0.15
ppmv
(0.9%)

56-200

10

CFC11
0

CFC12
0

980 pptv

484 pptv

9.5 pptv
(4%)

17 pptv
(4%)

65

130

N20
288
ppmv
310
ppbv
0.8
pptv
(0.25
%)
150

According to the estimate by IPCC, the contribution from each of the human
greenhouse gases for global warming in period 1980-1990, are as follows: C02-55%,
CFC-24%, CH 4-15% and N20-6% (see figure 3)

Figure 2. Concentration of atmospheric carbon dioxide, methane and nitrous
oxide were fairly constant until the mid-18th century when they began to rise as a
result of human activity.
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Figure 3. The contribution from each of human-induced greenhouse gases to the
change of radioactive forcing from 1980 to 1990. The contribution from ozone
may also be significant, but cannot be quantified at present.
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Sun's radiation to pass through into the greenhouse, where it warms the soil and
plants. The contents of the greenhouse, as all the bodies, then radiate infrared
energy back into the atmosphere. However, the glass in the greenhouse allows
only about 10 percent of the radiation at these wavelength to pass through it and
escape into the atmosphere. The remainder about 90 percent of the infrared
radiation is trapped in the greenhouse. The temperature of the greenhouse
therefore stabilizes at a higher level than that of the outside air.
A similar but more complex interaction occurs between solar energy, the Earth
and the greenhouse gases that surround the Earth. The Earth temperature
remains fairly constant because the levels of radiation from the Sun that enter
the atmosphere are similar to these radiated back into space by the Earth and
its atmosphere. However temperatures on Earth are about 33°C higher than in
space because greenhouses gases absorb and trap some of the radiation
emitted by the Earth. This trapped radiation warms the warm blanket of air
around the Earth, also warms the planet's surface.

+

Human influence on climate:
Over the past few hundred years, human activity has significantly altered both
the surface of the Earth and the composition of its atmosphere. These changes
may be causing or contributing to the rise in global temperature observed over
the past 150 years.
Greenhouse gases such as water vapor, carbon dioxide (C02), methane (CH 4)
and nitrous oxide (N20) exist naturally in the atmosphere but are also released
into the atmosphere in great quantities when fossils are burnt and as a result of
industrial and agricultural activities. The increasing concentrations of these
gases in the atmosphere are likely to intensify the greenhouse effect and raise
global temperatures.
Concentrations of atmospheric gases were not significantly altered by human
activity until the industrial revolution. Since 1750, however, atmospheric levels of
greenhouse gases have increased significantly (see figure 2).
Atmospheric C02 concentration has increased by 26% since pre-industrial times.
The main cause is the widespread and large-scale combustion of fossil fuels
(coal, oil, and gas), during which C02 was released into the atmosphere.
Deforestation, which alters the reflectivity of the Earth's surface and reduces the
amount of C02 absorbed and conserved naturally by trees, is secondary cause.
Methane concentration has been more than doubled over the same period
because of increased rice production, cattle rearing and biomass burning, all of
which produce methane. Nitrous oxide concentrations have increased by eight
percent since 1750, and agriculture is likely to have been a major contributor.
Some greenhouse gases, such as chlorofluorocarbons (CFC), result only from
human activity. They result from industrial processes and have been building up
in the atmosphere since first used commercially in the 1930s.

+

How could greenhouse gases affect the climate:
Knowledge of how the land, oceans and atmosphere interact and how they
might respond to increased concentrations of greenhouse gases is not complete.
However computer models can simulate, to some degree, these complex
relationships and their effect on climate. These computer models use estimates
of future greenhouse gas emission levels to the models possible future
concentrations of atmospheric greenhouse gases, global temperature,
environmental conditions and climate.
Industrial and agricultural activities over the past century have resulted in
unprecedented rate of increase in the atmosphere concentration of radioactively
active trace greenhouse gases (GHGs) including: C02, CH 4 , CFCs, N20 (see
table 1)
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Temperature during 1861-1990
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Regional climate is also variable. Some summers are hotter than average, for
instance, and some winters are wetter or windier. The reasons for such variations are
not always understood and are often unpredictable. These variations can cause major
disruptions to normal climate patterns and have caused the failure of the monsoon over
India and droughts across large tracts of Africa, Australia and South America. The
strongest recurrent cause of climate fluctuations is the EI-Nino and Southern Oscillation
(ENSO), a complex set of interactions between the tropical oceans and the atmosphere
in the Pacific region, which, at its most intense, affects global climatic conditions. lt is
widely accepted that a rise of 0.3-0.6°C in global mean temperature has taken place
over the past 100 years.
Change in some of the Earth's physical features also suggests that global
temperature is rising. Most mountain glaciers have been retreating since the end of the
191h century and during the 1980s (which included five of the warmest years on record),
a decrease in the planet's snow cover was recorded. There has also been an average
rise of 1-2 mm per year in global sea level during the past 100 years, some of which is
probably related to global warming.
Because temperature variations of this magnitude have occurred before, it is not
possible to say with certainty whether this recent Global warming is "natural" or caused
by human activity.

+

Global climate and the greenhouse effect:
Global climate patterns are produced by a complex interaction between the Sun
and the Earth's atmosphere, oceans, ice and land surface. Changes in any of
these can upset the established equilibrium and may affect global climate.
The Earth's climate is influenced by average global temperature and is sensitive
to changes in temperature. The Earth has a natural temperature control system

that keeps the planet warm enough to sustain life, yet prevents it from
overheating. Certain atmospheric gases, such as the greenhouse gases, are
critical to this temperature control system.
Greenhouse gases warm the Earth and its atmosphere just as glass, in effect,
warms in the air inside a greenhouse. Glass allows most wavelengths of the
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4.6

GHG strategies for AgroEcosystem in VietNam

The Earth's climate is not constant; temperatures and rainfall vary from year to
year, fluctuating widely over much longer periods of time. Indeed, changes in the
Earth's average annual temperature of only 4-5°C brought about the onset and retreat
of the Ice Ages. And even since the past Ice age, there have been periods when
regional temperatures were much higher and much lower than at present. The years
1550-1850, for instance, are known as the little Ice Age because Europe (and possibly
other regions) experienced particularly harsh winters. Systematic records of
temperature were not kept until about 1850. Large areas of the Earth were warming up
after the Little Ice Age (see Figure 1).

Figure 1. Global temperature changes over the past 1000 years and during 18611990
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4.5.3

Social Processes

Understanding of the relationships between population growth and land-use
change requires a deeper understanding of both natural and social processes.
Moreover, while the most significant factors influencing these relationships may differ
from place to place. Understanding this context is necessary to understanding the
evolving relationships among people and land, consumption, and the broader
environment.
Demography
Total population
Total fertility rate
Infant mortality rate
Life expectancy at birth
Spatial distribution--urban, rural
Migration--domestic, international
Social context
Literacy (by sex)
Economic factors
Per capita gross domestic product (GDP) and rate of change
Income distribution (Gini Index)
Percentage of workforce in primary, secondary, tertiary sectors
Resources
Land quality--organic matter, nitrogen content
Water availability--runoff, groundwater (depth to water table)
Water quality
Productivity
Crop yields (detailed data)
Technology and infrastructure
Irrigation
Tractors
High-yielding crop varieties
Average distance to urban center
Road density and quality
Consumption
Per capita energy consumption
Per capita purchase of selected durable goods
Per capita spending (difference between per capita income and savings)
Institutions and policies
Land-use regulation {land reform, market mechanisms, property rights,
public investments, credit mechanisms, zoning)
Environmental regulations
Percentage of land that is government-owned or -controlled
(http://www.icc.es/lucc/projects/endgrsed/tri-academy/description.html)
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changes in the production practices. During the past several decades the use of
fertilizer has been markedly increased, introduction of high yielding varieties have been
widely used, development of new irrigation systems, increased use of fertilizers, and
other changes in agricultural practices.
The result has been a significant increase in crop yields over past few decades.
However the ability of the region to maintain this increase in crop production under
current land use practices is questioned and in many areas soil fertility and water
availability has declined. Changes in social structures within Asia may greatly alter the
conservation of the environment due to loss of coherency among land users with the
rural communities. The manner in which further agricultural developments are
implemented or maintained in the region is a critical issue given the increasing human
resource demands for agricultural production.
Observations at various scales are needed. Must be aware of major differences
in net changes and gross changes. Analysis of land use changes may be hidden by
aggregation techniques or because of classification system adopted there is a need to
disaggregate information to evaluate actual changes in management practices, not just
land use type.

4.5

Non-Agricultural Factors

4.5.1

Urban-Rural Interfaces

The prospect of tremendous growth of urban canters is staggering to perceive in
the coming decades in Asia. Urban canters in Asia will number over 15, accounting for
over 60% of the cities with populations greater than 10 million people. The urban growth
is greatly modifying the surrounding area and impacts of these changes on croplands,
fuel resources, and water supply will be tremendous. How these areas plan to cope with
this burgeoning problem, and what effects will have the rural areas is and will increase
in its importance in the coming decade.
As this growth in population levels of urban canters continues, issues related to
competition for natural resources become increasingly a major factor in determining the
viability of these urban areas. Questions relating to the type of social structural entities
that are needed to maintain the urban canters need to be addressed. In addition to
institutional questions, a better understanding of the social properties, for instance the
kinds of laws and cultural practices, which characterize various urban canters are
needed. This set of sectoral issues will rely more heavily on the understanding of socialeconomic topics. New integration techniques may be needed to address these issues.

4.5.2

Factors Affecting Changes in Natural and Managed Forests

The long history of human land use in the region has altered the forested lands
extensively. The land area of remaining forest in the region is less than 25%. Of this
forest area, much of the area is now managed and has been planted with plantations
species. There is very little natural forests left in TEA.
The value of wood and the shrinking market for wood products elsewhere will
create increasing pressure to harvest more trees and shorten rotations. The impact of
these changes on wild life, water resources, and soil protection maybe significant.
Despite the importance of the remaining forest area to ecological dynamics and human
welfare, little is known about the factors affecting forest cover in the region or the extent
of the forest cover area.
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Pastoral systems, where humans depend on livestock, exist largely in arid or
semi-arid ecosystems where climate is highly variable. Thus in many ways pastoral
livestock systems are intimately adapted to climatic variability. In general, there is a
direct relationship between climate variability and the spatial scale of pastoral
exploitation. Extensive nomadic systems are found in the most variable regions; less
extensive, more intensive modes of livestock management occur in less variable
grazing lands. Climate change in drylands can thus be expected to have important
implications for the dynamics and viability of pastoral people, their exploitation patterns
and through these exploitation patterns, on land cover and land cover change.
lt was also recognized that the pervasive role of demographic, political and
economic driving forces on pastoral exploitation are critical. The general trend involves
greater intensification of resource exploitation at the expense of traditional patterns of
extensive range utilization. This set of drivers is orthogonal to the above described
climate drivers. Thus we expect climate-land use-land cover relationships to be crucially
modified by the socio-economic forces mentioned above. Nevertheless, the
fundamental relationship between climate variability and pastoral exploitation patterns
will still form the environmental framework for overall patterns of land use-land cover
change.
In addition, recent political and economic changes (i.e., in the past 50 years) in
land use management have resulted in a more sedentary livestock management
system. These changes have led to more intensive stocking rates in localized areas
and change in the breeds of animals used. More recent changes in the social-economic
setting have forced new changes in pastoral management due to relaxation of central
government controls and the implementation of a more "free~enterprise" system. What
will result from these recent changes in unclear, and the effect on the human and
natural resources of these arid and semi-arid regions need to be determined.
Pastoral systems, where humans depend on livestock, exist largely in arid or
semi-arid ecosystems where climate is highly variable. Thus in many ways pastoral
livestock systems are intimately adapted to climatic variability. In general, there is a
direct relationship between climate variability and the spatial scale of pastoral
exploitation. Extensive nomadic systems are found in the most variable regions; less
extensive, more intensive modes of livestock management occur in less variable
grazing lands. Climate change in drylands can thus be expected to have important
implications for the dynamics and viability of pastoral people, their exploitation patterns
and through these exploitation patterns, on land cover and land cover change.

4.4.2

Intensification of Agriculture

Agricultural output of the Temperate East region is one of the greatest in the
world, and is well known for its double and triple cropping systems. High soil fertility,
good climate conditions, and an industrious human resource base have all contributed
to the rich agricultural production. However, a key issue for the regions is related to
food security for the future. In order to maintain current levels of agricultural productivity,
there is a need to identify the factors that will maintain sustainability of the agricultural
systems relative to climate and other environmental factors. However, the variability is
social-economic characteristics also influence the potential output of the agricultural
systems and the extent by these systems may be enhanced.
A first task in this area of research will be to survey what agricultural systems
exist. Also an analysis of which agricultural system would benefit by intensification of
land use practices vs. what region may increase its productivity by increasing the land
area under cultivation. Agricultural practices in the TEA have undergone radical
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use change are different at different spatial scales, though some forces cut across all
scales, such as population change. We agree, and argue that a hierarchical or spatially
nested analytical framework is needed in order to understand how driving forces of land
use and climate changes transform land covers at local to regional scales. In order to
develop this framework, there are currently a number of active research groups
conducting studies related to expanding LUTEA (1999) objectives. In addition to the
existing studies, an IGBP transact has been established to carry out LUTEA (1999)
studies.

4.3.1

Objectives

The overall objectives of LUTEA are 1) to better understand the role and
consequences of changes in climate, ecosystem dynamics, human demography, and
socio-economic transitions on land use and land cover in temperate East Asia during
the past 100 years and into the next decade: and 2) develop a mechanism to assess
the short-term and long-term changes in food security and environmental conservation
in the TEA region. The region of study extends from China; Korea, DPR; Korea, R;
Japan; Mongolia; and Eastern Russia.

4.3.2

Background

Land use/cover changes in the Temperature East Asia region has been a major
factor in ecosystem changes for a long period of time. Agricultural and livestock
developments have been recorded for millennia in this region. Currently the region is
one of the most densely populated regions of the world. Due to a long history of
environmental exploitation and recent population increases, the region is prone to
environmental stresses such as salinization, desertification, deforestation, soil erosion,
water pollution and air pollution. The impacts of human activities on ecosystem
dynamics and biogeochemical exchanges with the atmosphere have resulted in
dramatic changes in the fluxes of C, N, and other atmospheric constituents in the region.
This region covers all of East-Central Asia and South-East Asia north of the
Philippines and south of the Arctic Circle. The climate is generally humid to semiarid
and determined chiefly by the monsoonal circulation. A strong north to south rainfall and
temperature gradient exists. Vegetation and land use practices change systematically
across this north to south gradient with cool temperate forest and grasslands in the
north where pastoral and forestry land use dominate. Toward the south more arable
land is found in regions with mixed broad leaf forest, croplands, and ricefields.

4.4

Influential Factors on Agriculture

4.4.1

Factors Affecting Changes in Pastoral Systems

In the semiarid regions of the TEA, nomadic pastoralism has been the dominant
agronomic activity for many centuries. Recently, changes in cultural, political and
economic factors have caused changes in how the pastoral systems operate within the
region. Currently, a range of pastoral systems are operating in the region of China,
Mongolia, and Russia. These systems encompass a range of grazing patterns (i.e.,
frequency, intensity of grazing and the types of animals). These systems have
incorporated new breeding stocks that are potentially not suitable to certain climate
regimes (e.g., drought conditions of the Gobi desert, cold hardiness against severe
winter storms in the Inner Mongolian and Mongolian steppe region). These changes in
pastoral management have altered the nomadic patterns of the region.
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physiological and ecological processes in the biosphere play an important role in this
respect.(Leemans, 1997).
4.2.4

Interactions and feedback

The small-scale physiological processes on plant and ecosystem levels and the
environmental constraints of these processes determine the distribution and yields of
crops and ecosystems. Plants, fields, and ecosystems define the fluxes of C, N, water,
and energy between the biosphere and atmosphere and thus form an important
component of the earth's system. Interaction and feed back between atmospheric
changes and the biosphere determine the consequences of global environmental
change. lt was stressed that most disciplinary models, i.e., those that only simulate a
component without considering changes in or influences from other components, can
lead to misleading results, especially when they are linked to environmental change
scenarios of limited quality (Leemans, 1997).
4.2.5

Mitigation Options for emission reductions

Many options to reduce the emissions of greenhouse gases, to enhance sinks
and/or otherwise influence the atmospheric GHG concentrations, have been proposed
and evaluated. These options include, for example, higher energy use efficiencies,
change in energy sources, slowing deforestation, forestation and a different land use
management. Especially energy efficiency improvements and forestation have been
intensively evaluated. Another possible option to reduce the dependence on fossil fuel
based energy by substituting them by modern biomass has obtained substantial
support and its potential has been assessed frequently locally, regionally and
globally.(Graham et al., 1992)
4.2.6

Biomass Production

Unambiguous determination of the productivity and thus availability of biomass
as an energy source is further complicated because biomass production requires land.
Land serves many functions and the determination for competition of land is not
straightforward (Turner et al., 1995). Those who favour the development of biomass as
an energy source often use the arguments that the cultivation of biomass as an energy
source often use the arguments that the cultivation of biomass can help in restoring
degrade land, that it creates additional income for development, etc. This could assist in
modernizing agriculture and thus increase productivity (Riedacker, 1993).
4.2. 7

Land availability

However, these complex relations between land availability, land quality and
development should not be oversimplified. Locally there could be large constraints due
to competing land uses and/or climatic condition. Further, increased biomass plantation
could reduce the availability for land for other mitigation options, such as C
sequestration by forests.(Aicamo et al., 1994).

4.3

Regional Effort

The influence of land use change on terrestrial carbon dynamics constitutes a
core research focus of the International Geosphere-Biosphere Program (IGBP). Land
use decisions are driven by mostly demographic and economic considerations at broad
scales and by a medley of social, economic and environmental considerations at
regional and local scales. Turner et al. (1990) recognized that the driving forces of land
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4.1.6

Region-specific Effects

The influence of the C cycle and land-use and land-cover change on
atmospheric C02 concentration is clearly important. The rates of basic physiological
and ecosystem processes are influenced by temperature, moisture, and nutrient
availability. The latter is mostly a soil property but is altered by decomposition
processes and management, such as adding fertilizer. Furthermore, enhanced C02
concentrations lead to C02 fertilization and improved WUE (Eamus, 1992). Land-userelated greenhouse gas emissions (e.g., nitrous oxide from soils or methane from
agricultural activities) greatly depend on "local" environmental conditions and human
activities (Turner et al., 1995).

4.1. 7

Resource Availability

The demand for agricultural and forest products (food, fodder, fibre and
traditional and modern biomass) is linked to the regional availability of agricultural and
forest resources. Available land resources are calculated on the spatial grid,
characterizing local climate, terrain, soil, and topography: If current resources are
inadequate to satisfying demand, land use expands into natural vegetation, converting it
into land-cover classes such as agricultural land, pastures, or regrowth forests. This
process results in deforestation and increased GHG fluxes toward the atmosphere.
Agricultural land can either expand or contract according to technological and socioeconomic circumstances (Leemans, 1997).

4.2

Mitigation Measures

4.2.1

Biofuels

Leemans (1997) emphasized impacts and the feedback within the earth's
system. Increasing yields through enhanced plant growth by the direct effects of C02
concentrations could reduce total area necessary for crops while maintaining at least
current levels of productivity. Such excess land could be reforested, thereby
sequestering carbon (e.g., Dixon et al., 1993). Other mitigation options aim at offsetting
fossil fuel use and emphasize the use of biofuels and biomass. Their cultivation,
however, requires land. Land, land use, and land cover are thus important inclusions in
integrated assessments.

4.2.2

C Storage

Because of the dynamics of adaptation, progress in agricultural development,
and changing land uses, comparison with current conditions can be misleading in that
the current conditions are fixed as a status quo. Although several studies discuss the
adaptive capacity of farmers in changing types of crop and management practices,
there are no possibilities in most models for changing the geographic land-use and
land-cover patterns in these assessments. This is especially important for regions with
increasing populations and/or changing dietary patterns. Changes in land use are
important links to issues such as C storage in different types of landscape, which
largely determine the build-up of C02 in the atmosphere (Leemans, 1997).

4.2.3

Scale-Up

Scientifically speaking, this is an exciting era, in which large-scale global
environmental change is pushing the advancement of both basic and applied research
on smaller scales. lt is necessary to integrate the knowledge from cell to leaf to plant to
plot to ecosystem, and on to region and the world. The relatively small-scale
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indicates that the productivity of plants (and thus biomass) differs from region to region.
Estimates for biomass potential should thus be made on a geographically explicit basis.
4.1.2

Changes in C Pool

The transient change in land cover has a great impact on all C pools of the
terrestrial biosphere. The most common conversion is the conversion of forests to
agricultural land or pastures. Most of the aboveground biomass (leaves, branch, stem
and litter) of warm mixed forest, tropical dry forest/savannah, tropical seasonal forest
and tropical rain forest is burnt at the site. In all other regions and land cover types the
phytomass enter the humus pool. Only a small fraction (2-3%) does not burn and enters
the charcoal pool (Fearnside, 1991).
The land cover change thus leads to an instantaneous flux of C to the
atmosphere and NEP will become strongly negative. Due to the high levels of the soil C
pools, decomposition will also accelerate and remain at a relatively high level for
several years. Later, NEP will level off but remains negative, so that converted land will
act as a C source.
4.1.3

Soil C Pool

Another important conversion is the conversion of grasslands (pastures) into
agricultural land (e.g. arable lands). For tropical grasslands, we assume that all
aboveground biomass is burnt and only a very small fraction is converted to charcoal.
For temperate grasslands we assume that all aboveground biomass enters the litter
pool. NEP will also be negative after these conversions, but not so strong as after
deforestation. Due to the relatively small changes in soil C pools, NEP will gradually
decrease to zero with time.
4.1.4

Reversed C Cycle

C Cycle should also reflect reversed land cover change processes, such as
reforestation (forest to forest) or forestation (agricultural land or pastures to forests). For
these conversions NEP will be driven by NPP. Gradually all C pools will become
saturated with the C values characteristic for a steady state situation. These
conversions lead to an uptake of C by the biosphere. NEP is positive and the converted
land will act as a sink for C02 • This is because soil decomposition rates tend to adjust
slowly to the above ground changes, and it can take many years before an equilibrium
state is reached, where C uptake equals C decomposition. Impacts such as shifting
vegetation zones due to a changing climate (Leemans, 1997) or more effective use of
moisture resources (VIoedbeld and Leemans, 1993) can be taken into account.
4.1.5

Feedback Processes

Feedback processes modify NPP and/or NEP. Some feedback processes
increase NEP(negative feedback), while others decrease NEP(positive feedback).
Feedback processes potentially can have a strong influence on the C cycle and thus on
the final atmospheric C concentrations (VIoedbeld and Leemans, 1993). The most
important feedback processes with respect to the C cycle are impact of temperature
change on photosynthesis and respiration (plant growth), response of soil respiration to
climate change, C02 fertilization, and shifts in vegetation patterns due to changes in
water use efficiency and climate.
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sulphur dioxide and ozone that are toxic to plants. These air pollutants can decrease
NPP and carbon storage {Alien and Amthor, 1995). The burning of fossil fuels can also
lead to increases in nitrogen in precipitation. Up to some cumulative level, increased
nitrogen inputs to nitrogen-limited ecosystems, such as many temperate and boreal
forests of the northern hemisphere, can cause increases in NPP and carbon storage.

3.5. 7 Availability of Nutrients
Enhanced photosynthesis and increased nutrient availability increase NPP if
decomposition and nutrient mineralization are enhanced (Bonan and Van Cleve, 1992;
Melillo et al., 1995b). Low soil moisture decreases NPP which may reduce
photosynthesis through decreased stomata conductance (Gifford, 1994) or decreased
decomposition and mineralization (Parton et al., 1995). Elevated temperature may also
increase plant respiration and so reduce NPP (McGuire et al., 1992), although this
effect may have been overestimated. The effects of precipitation and cloudiness on
NPP can also be positive or negative in different situations.
In dry regions, lower precipitation or lower cloudiness may decrease NPP by
lowering soil moisture. In moist regions, increased cloudiness may decrease NPP by
reducing the availability of photosynthetically active radiation (PAR). Climate changes
may further influence NPP by affecting leaf phenology in deciduous vegetation.
Soil respiration is generally accelerated by higher temperature, producing an
increase in the release of C02 from terrestrial ecosystems.(Kirschbaum, 1995). lt is
thought that in many ecosystems the increase of soil respiration with temperature is
steeper than any increase of NPP with temperature, so that the net effect of warming is
to reduce carbon storage.

4.

GHG balance in Agroecosystem

4.1

GHG Emission/Uptake

4.1.1

Plants as C Pools

Compared with a global C flux estimate of 5.5 - 6.5 Gt C a-1 resulting from fossil
fuel combustion, these fluxes from land conversions are surely significant. The major C
pools are plants (Living biomass; partitioned into leaves, branches, stem and roots) and
soil (Dead biomass; litter, humus and stable humus plus charcoal). The driving force of
the C cycling among these pools is the Net Primary Production (NPP). NPP is gross
primary production, ( =the photosynthetically fixed C ), minus the respiration loss of C
within a plant. The partitioning of NPP among the different plant compartments is
defined by fixed fractions. All plant and soil compartments are characterized by a
specific lifetime. The partition fractions, life times and initial NPP are defined uniquely
for each compartment and land cover type.
Biomass results from basic processes in plants. Plants take up carbon dioxide
from the atmosphere through photosynthesis and store carbon in biomass. This
biomass can be used to generate energy. Photosynthetical rates are dependent on
many different factors such as species characteristics, radiation levels, climate, and
moisture and nutrient availability. The actual sequestering of C in plants is further
dependent on their respiration level. In this process C is released again to the
atmosphere. Respiration leels are also strongly determined by climate. The difference
in C fluxes between photosynthesis and respiration determines productivity. This
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recognized that there are considerable uncertainties associated with estimating the fate
of cut wood, including wood left at the harvest sites, fire wood, and wood products such
as paper and lumber (Melillo et al., 1988}.

3.5.4

Changes in the frequency of fires,
disturbances

insect outbreaks

and other

These changes can also alter the age structure of forests and affect their
capacity to store carbon. Disturbance regimes are affected by climatic conditions such
as warming and drought. The boreal forest regions of Canada have experienced
increased rates of disturbance, especially spruce budworm outbreaks and fire. As a
consequence, these forests have switched from being a sink for atmospheric C02 to
being a carbon source to the atmosphere, albeit a small one (Kurz and Apps, 1995).

3.5.5

Changes in Ecosystem Metabolism

Each year, about 5% of the land's total carbon stock is exchanged with the
atmosphere as a result of plant and soil metabolic activities. Through the process of
photosynthesis, land plants take up on the order of 120 GtC/yr in the form of C02 from
the atmosphere. This carbon uptake is approximately balanced by plant and soil
respiration, which release carbon as C02 to the atmosphere. A change in the balance
between photosynthesis and respiration will change the carbon stock on land and also
has the potential to alter the C02 content of the atmosphere.
The relationships among the various metabolic processes in terrestrial
ecosystems can be defined by three equations:

=
=

NEP GPP - Ra - Rh
NPP = GPP- Ra
NEP NPP- Rh
Where, at an annual time step:
~NEP is net ecosystem production, the yearly rate of change in carbon storage in
an ecosystem. A positive NEP indicates that the ecosystem has accumulated
carbon during the year, while a negative NEP indicates that it has lost carbon
during the year.
~GPP

is gross primary production, the amount of carbon fixed through the
process of photosynthesis by the ecosystem's green plants in a year.
~Ra is autotrophic respiration, the amount of carbon released to the atmosphere
as C02 by the ecosystem's green plants through respiration in a year.'
~Rh is heterotrophic respiration, the amount of carbon released to the
atmosphere as C02 by the ecosystem's animals and microorganisms through
respiration in a year.
~NPP

is net primary production, the difference between gross primary production
(GPP) and plant respiration in a year.

3.5.6

Air Pollution

The burning of fossil fuels causes changes in the chemistry of the atmosphere
and precipitation. Fossil fuel burning can lead to the production of air pollutants such as
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Farm Management
Farming machinery, Auxiliary energy inputs for heating/cooling
Resource Management
Resource recycling, Waste management, Water resources
Animal Husbandry
Types of livestock, Intensity of animals, Management practices, etc.
Non-agricultural Activity in Rural Area
New settlements, Civil engineering (road, bridge, etc.), Industrial park etc.

3.5

SusceptibleNulnerable Factors

3.5.1

Modification of land Surface Conditions

The demand for agricultural and forest products (food, fodder, fibre, and
traditional and modern biomass) is linked to the regional availability of agricultural and
forest resources. Available land resources are calculated on the spatial grid,
characterizing local climate, terrain, soil and topography. If current resources are
inadequate to satisfying demand, land use expands into natural vegetation, converting it
into land-cover classes such as agricultural land, pastures, or regrowth forests. This
process results in deforestation and increased GHG fluxes toward the atmosphere.
Because the intensification of agricultural productivity is calculated on the basis of
technological and socio-economic assumptions, agricultural land can either expand or
contract. Abandoned agricultural land converts into the early successional phase of the
potential natural vegetation, often with increasing C densities through time.

3.5.2

Changes in Agricultural land

Agricultural land occupies almost one fifth of the earth's terrestrial surface
(Oison, 1983). A substantial portion of this land was once forested and so contained
relatively large carbon stocks in both trees and soils. The conversion of forests to
agricultural lands releases carbon, mostly from trees to the atmosphere through burning
and decay. Conversely the regrowth of forests on abandoned lands withdraws carbon
from the atmosphere and stores it again in trees and soil. The net flux of carbon from
the land to the atmosphere primarily associated with agricultural expansion for 1980
has been estimated at between 0.6 and 2.5GtC/yr(Houghton, 1995). The net emission
from changes in tropical land-use was 1.6+1.0 GtC/yr for the period 1980 through 1989
(Schimel et al., 1995).

3.5.3

Changes in the Age Structure of Forests

Young and middle-aged forests accumulate carbon, while old-growth forests
accumulate little if any carbon. Forests of the Northern Hemisphere's mid-latitudes that
were harvested in the early and middle parts of the 201h century are still regrowing and
accumulating carbon. Estimates of rates of carbon accumulation related to forest
regrowth in these regions range between 0.7 and 0.8 GtC/yr for the 1980s(Melillo et al.,
1988) have argued that the fate of the cut wood must also be taken into account when
evaluating the net effect of forest harvest and regrowth in the global carbon budget; that
is, the rate at which the carbon in the cut wood is returned to the atmosphere as a result
of burning and decay must be considered. They concluded that the net effect of forest
harvest and regrowth for the middle and high latitudes of the Northern Hemisphere on
terrestrial net carbon storage was approximately zero in the 1980s. lt must be
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Consequently, human induced conversion of vegetation cover has been an important
driver for climate change (BAHC, 1999).
BAHC proposed 8 key issues in order to identify the impacts of biosphere on the
hydrological cycles as follows:
1) Energy, water and carbon fluxes at the patch scale
2) Evaluation of the role of below-ground processes
3) Land-Atmosphere interactions
4) Land use - climate interaction at regional scale
5) Global vegetation-climate interactions
6) Influence of climate change and human activities
7) Mountain hydrology and ecology
8) Global data sets

3.4.1

Feedback of Agriculture to Climate

3.4.1

Outlines of Agriculture
Classification
Crop
Pasture
Forest
Function
Photosynthesis
Respiration
Resources
Climate
Soil
Water
Biology
Components
Lands
Vegetation
Management
Driving Force
Human demands
Ageconomics
Products
Food
Fodder
Fibers
Meet
Etc.

3.4.2

Agricultural Parameters related to Climate
Land Exploitations
Reclaimed land, GlassNinyl house, Dam construction, Forest fragmentation
Field Management
Land type, Land cover (type, duration, etc.), Irrigation, Tillage
Cropping Systems
Species selection, Crop rotation, Cultivation practices, Pest & Weed control..
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3.3

Biogeophysical aspect

3.3.1

Land-surface changes

Vegetation mediates the exchange of water and energy between the land
surface and the atmosphere, and thereby affects climate. As biomes shift, the climate
will be affected. For example, high latitude warming is expected to cause forests to
spread into tundra. This change would be expected to increase the warming in northern
mid- to high latitudes by more than 50% over 50-150 years because of the lower albedo
of forests during the snow season. Such feedback will, however, be modified by landuse changes such as deforestation.
As atmospheric C02 increases, stomatal conductance declines, so that the
effectiveness of water conservation by plants is increase and the effects of drought on
plant growth ameliorated. But declining stomatal conductance will also have feedback
effects on climate. lt has been estimated that a global halving of stomatal conductance,
with no change in leaf area, would lead to an additional surface air warming of about
0.5 C averaged over the land. Land use change dynamics are related to population
growth, consumption patterns, import/export fluctuations, migration patterns,
urbanization rates, land degradation, protection of natural areas etc.
Understanding the significance of land cover change for the C Cycle is not
possible without additional information on land use. Land cover changes are mostly
driven by human activities, and land-use practices themselves have also major direct
effects on environmental processes and systems (Turner et. Al., 1995). Recent
estimates of C fluxes related to land-use changes seem to converge towards values
between 1 and 2 Gt C a·1• (Detwiler and Hall, 1988; Houghton et al., 1990)

3.3.2

Changes in Vegetation Structure

Compositional and structural changes will occur over a longer period than
functional changes and these may not keep pace with rapid environmental change, so
complex transient effects may result. Vegetation structure is determined not only by the
types of plants present but also by the height and foliage cover they attain. Foliage
cover, often expressed as leaf area index(LAI), is constrained by resource availability
(water, carbon, and nitrogen). LAI decreases as water availability declines. Along
moisture gradients, vegetation composition and structure change due partly to
replacement of drought-sensitive by drought-tolerant ( or more deep-rooted) plant types,
and partly to reductions in the LAI of each type (Waiter, 1979). Values for LAI are
typically low enough to prevent drought damage in most years (Neilson, 1995), so
maintaining annual NPP near maximal for the environment (Haxeltine et al., 1996).
Changes in water availability will therefore affect LAI, but the response may be modified
by changes in C02.
Vegetation structure also changes with light availability, summer temperature
and growing season length. From boreal forest to high-arctic tundra, trees are gradually
replaced by shrubs and grasses as NPP declines. Comparable vegetation gradients
occur at high elevations in alllatitudes(Walter, 1979).

3.3.3

Effects on Hydrologic Cycle

The hydrological cycle is strongly modulated by the Earth's vegetation. Active
regulation of water, energy and carbon fluxes by the vegetation make it an important
factor in regulating the Earth's hydrologic cycle and in the formation of the climate.

