WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR AGRICULTURAL METEOROLOGY

CAgM Report No. 73

EXTREME AGROMETEOROLOGICAL EVENTS

Prepared by

CAgM-X Working Group Members: G.J. Benson, D. Dambe (Chairman},
T. Damhofer, R. Gommes, G.N. Mwongela, D.E. Pedgley, V. Pérarnaud

WMO/TD-No. B36

Geneva, Switzerland

July 1997



editorial revision by the WMO Secretariat and distributed.

“This report has been producéd without
ly endarsement by the Organization of the ideas expressed

Its distribution in this form does not imp
in the report.”



WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR AGRICULTURAL METECROLOGY

CAgM Report No. 73

EXTREME AGROMETEOROLOGICAL EVENTS

Prepared by

CAgM-X Working Group Members: G.J. Benson, . Dambe (Chairman),
T. Darnhofer, R. Gommes, G.N. Mwongela, D.E. Pedgley, V. Pérarnaud

WMO/TD-No. 836
Geneva, Switzerland

July 1997



TABLE OF CONTENTS

SUMM A RY ...ttt it ittt ittt st ittt
CHAPTER 1 AN OVERVIEW (EXTREME AGROMETEOROLOGICAL EVENTS)
by R. GOMIMES . ... ... ittt it e e

1.1 INTRODUCTION . ... .. . .t ittt e
1.2 SOME CHARACTERISTICS OF EXTREME AGROMETEOROLOGICAL

L 0
1.2.1 Importance of the agricultural background . ............. ... ... .. ... ..
1.2.2 Distribution of the losses within agricultural sector .. ...................
1.2.3 Direct and indirect effects . ........ ... it i ier i
1.2.4 An example of indirect effects: fires ............. .. ... .. i,
1.2.5 An example of predominantly direct effects: food production in Bangladesh . . ..
13 A TENTATIVE LIST OF EXTREME AGROMETEOROLOGICAL EVENTS . .. ... ..
1.4 METHODOLOGICAL ASPECTS OF EXTREME AGROMETEOROLOGICAL

IMPACT ASSESSMENT .. ... ... . .. ...ttt iiiinanaierannn
1.4.1 Weather factors . ......... .. ... ... . i e
1.4.2 08 Yo - 11 () .-
1.4.3 Other environmental factors and complex interactions, including

long-term effects . ... ... ... ... . i e
1.5 CONCLUSIONS . . ... ... .t iieneniaeeeaeannns
1.6 REFERENCES . ... ... .. .. ittt tia ittt
CHAPTER 2 MEASURES TO MONITOR AND PREDICT THE EFFECTS OF

AGRICULTURAL DROUGHT by V. Péramnaud . . .. ... .............

2.1 INTRODUCTION . . vtvtte e e eee et et e e e et e eeeeeee e e
2.2 METEOROLOGICAL, AGRICULTURAL AND HYDROLOGICAL DROUGHT .. ...
2.3 DIFFERENT DROUGHT SCENARIOSINFRANCE .. ... .. ... ... .........
2.3.1 Summerdrought . ... ....... ... ittt e e e
2.3.2 Spring-summerdrought ... ...... ... it e e
2.3.3 Aprildrought ... ... ... . i i i it e e e
234 Autumndrought ... ... ... .. i i e i e e
2.3.5 Autumn-winterdrought . . ... ... ...t i i i e e
2.4 DROUGHT ANALYSIS ... ... . i it ittt i e et e anas
2.4.1 Meteorologicalindices . ........... ... .. it i e
2.4.2 Indices obtained from a water balancemodel ........................
2.43 Establishing a waterbalancemodel .............. ... .. i,
244 Monitoring the waterbalance ..............c. .t
245 Results derived fromthemodel . . ... . ... ... .. i,




25 DROUGHT MONITORING . .. ... ... ittt ittt i aee e e 16
2.5.1 Temporal and spatial variabilities in the waterbalance ... ............... 16
2.5.2 Early warningof drought . . ... ... . ... it 19
2.6 HOW TO ALLEVIATE THE EFFECTS OF AGRICULTURAL DROUGHT .. ... ... 21
2.6.1 Drought and @gronomy . ... ...ttt it ane s eneneconsanoenens 21
2.6.2 Impact of the 1989-91 drought on French agriculture . ................. 21
2.7 CONCLUSION . ... .. i ittt ettt sttt a e aas e 22
2.8 REFERENCES . . ... .. it ittt ittt it e e eneae s 23

CHAPTER 3 AGROMETEOROLOGICAL INPUTS IN MEASURES TO ALLEVIATE THE
EFFECTS OF DROUGHT AND TO COMBAT DESERTIFICATION

byD.D.Dambe ........... ... .t e 25

3.1 DEFINITIONS OF DROUGHT AND DESERTIFICATION . ................. 25
3.2 SUMMARIES FROM QUESTIONNAIRES FROM SOME MEMBER COUNTRIES .. 25
3.3 LITERATURE REVIEW . . . ... . ittt it tite it et i e i annnan 25
3.4 EXAMPLES OF OPERATIONAL USE OF AGROMETEOROLOGICAL INPUTS ... 27
3.4.1 Drought monitoring system (Botswana Experience) . ................... 27
3.4.2 The role of agrometeorological services in drought monitoring system .. ... .. 28
3.4.3 Effectiveness of agrometeorological advice to policy makers and

the farming COMMUNILY . . . . . v it ittt e ittt i et i ene e n e aans 28
3.5 DESERTIFICATION .. ... ... ...ttt ittt naneann 29
3.5.1 Literature FEVIBW . v i v vt i ittt et e e n e en st aansassonnsenonssans 29
3.5.2 Botswana EXperience . . . . . ..ot ittt it e e e e 30
3.6 PROBLEMS AND RECOMMENDATIONS RELATING TO DROUGHT AND

DESERTIFICATION . ... ... it ettt e e i eannns 31
3.7 REFERENCES . ...... ...t iiitiiitrnenntnennneeeiennneenanaas 32
3.8 APPENDIX - BACKGROUND ON CASE STUDY OF DESERTIFICATION

CARRIED OUT IN THE MID-BOTETL, BOTSWANA . .. . ............ ... 33
3.8.1 The extent of desertification . . .. ........ ... 33
3.8.2 The analysis of desertification . . . . . ......... . ... 34
3.8.3 Toward solution for desertification ............... ..., 35
3.8.4 Suggestions and recommendations . . ... ... e it e 37

CHAPTER 4 INTERACTIONS OF DESERTIFICATION AND CLIMATE: AN OVERVIEW
by T.Darnhofer ............ ..t iiiiaiiinnnnans 39

4.1 INTRODUCTION . ... ... . it i ittt teasnannnens 39

4.2 IMPACT OF CLIMATE ON DESERTIFICATION . . .. .................... 40




4.3

4.4

4.5

4.6

ii
IMPACT OF DESERTIFICATION ON CLIMATE. ... .. S
DESERTIFICATION AND GLOBAL CLIMATICCHANGE .................
CONCLUSIONS AND RECOMMENDATIONS.. . . ............. ...t

REFERENCES . .. ... ... .ttt ittt et it e e

CHAPTER 5 AGROMETEOROLOGICAL INFORMATION FOR LOCUST CONTROL

5.1
5.2
5.3

5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7
5.3.8
5.3.9
5.3.10

54

5.4.1
5.4.2
5.4.3

5.5

5.5.1

5.5.2
5.5.3
5.5.4
5.5.6
5.5.6
5.5.7
5.5.8
5.5.9
5.5.10

5.6

5.7

byD.E. Pedgley .......... ... . i e
SUMMARY . . ...ttt ittt it e i e e e
INTRODUCTION .. ...... ..ttt it itin e ianaaens
WEATHER AND LOCUSTS . ... ... . it it i et eeea e

Desert Locust (Schistocerca gregaria) ... ... ... ...
Migratory Locust (Locusta migratoria) . ... . ... .. ...ttt inennon
Red Locust (Nomadacris septemfasciata) . ..........c. v eineennn
Brown Locust (Locustana pardaling) . ......... ... . i inen.
Moroccan Locust (Dochiostaurus maroCcanus) . .. ... ... .c.ove e venens
Bombay Locust (Nomadacris succincta) .. ........ i,
Australian Plague Locust (Chortoicetes terminifera) . .. .................
South American Locust (Schistocerca cancellata) ... ..................
Sahelian Tree Locust {Anacridium melanorhodon) . . ...................
Senegalese Grasshopper (Oedaleus senegalensis) .....................

METEOROLOGY FORLOCUSTCONTROL ............... ... one.

[ T2 - |
BI=1 2] o 1= 0
Y1V Yo [

CURRENT USE OF METEOROLOGICAL INFORMATION FOR LOCUST
CONTROL .. ... ittt it it et ettt naeneanes

Reports and guidance material used in the preparationof ................
agrometeorological information for locust control .................. ...
Information provided for locustcontrol . . . .. .......... .. i L,
Organizations receiving information . .............. ... ... ... ... ...
Arrangements for the preparation of information . .. .. ... ..............
Training inthe use of information .. ................ ... ... ...
Operational use of information .. ........... .00 i,
Research in locust monitoring, forecastingandcontrol . . ... .............
Other information of use for locustcontrol . .........................
Users views on the information provided . ..........................
Discussion of current use of meteorological information for locust control .. ..

RECOMMENDATIONS FOR IMPROVING THE USE OF METEOROLOGICAL
INFORMATIONINLOCUSTCONTROL . . . . ........ . i iie e

REFERENCES .......... . ittt itinitrinaaseroennsssnennns




iv

CHAPTER 6 AGROMETEOROLOGICAL INFORMATION FOR MONITORING THE

6.1

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7

6.3

6.3.1
6.3.2

6.4

CHAPTER 7

7.3.1

7.3.2

7.4

7.4
7.4.2
7.4.3
7.4.4
7.4.5

7.4.6

SPREAD OF ANIMAL DISEASES by G.N. Mwongela . . . . ... ........

INTRODUCTION . ... .. . i i it e it e
LUMPY SKINDISEASE (LSD) ......... ...ttt inneaneansnas

[ 153 {0
] [ T 1
Clinical manifestation . . . ................. @t et e e e
DiagnoSiS . - .t v it e et et
B I == 1 4.2 7= |
00T T8 1118 2%
100 Y 3 1 (| N

CASE REPORT . ... ... i it it et s i

DSCUSSION & i i i ittt it et it it ettt e e e e
CONCIUSION . . ot i it ittt i it ettt e e e e e e e e e

REFERENCES . . ... ... . ... . i it i iia e iiae e

SPECIFIC ASPECTS OF NATURAL DISASTERS WHICH AFFECT
AGRICULTURAL PRODUCTION AND FORESTS, PARTICULARLY

WILD LAND FIRES, SEVERE LOCAL STORMS AND HURRICANES

by G.BedSON . . ... ...ttt e

SUMMARY . ... i it i it et ittt n st e

OpeniNng COMMENTES . . ..t v v ittt an e neaseeennneeeeenannanns
OV IV W . . ittt it it it ittt e i e e e e e e e e
Approaches to assessing economicimpacts . ..................0.....
Warning SyStemMS . . . ..t ittt it e et e e
Data bases for extreme events . . . ... . . i u ittt ittt
Results fromquestionnaire . ......... ...ttt ittt rennrionneens

INTRODUCTION . . ... ... ittt i ti it iiiae e

LITERATURE SURVEY INCLUDING SOME EXAMPLES OF RECENT NATURAL
DISASTERS . ... ... ...ttt ittt enrsas

Examples of recent disasters, some appreciation of their effects on the
country’s populace, economy and infrastructure and other pertinent remarks . .
Example of human fire management activities contributing to

degradation of forest environment in the Amazonbasin . ................

REVIEW OF METHODOLOGIES FOR ASSESSING ECONOMIC AND SOCIAL
= K

INtrodUCtioN . . . . ... .. e e e
Methods for assessing economic benefits based on an Australian Study ... ..
Evaluation of an enhanced weather service for cottongrowers . ... ........
Estimation of the economic benefits of tropical cyclone warning services

A study of the economic benefit of the bushfires in South Australia

onthe 16 February 1983 . . ... ... . . . i ittt
A cost-benefit study from France of forest fire protection measures

with a particular focus on meteorological information . .................




7.4.7

7.5

7.5.1
7.5.2
7.5.3
7.5.4
7.5.5

7.6

7.6.1
7.6.2
7.6.3

7.6.4

7.6.5
7.7

7.7.1
7.7.2

7.7.3

7.8

7.8.1

7.8.2
7.8.3
7.8.4
7.8.5
7.8.6
7.8.7
7.8.8

7.9

7.10

7.10.1
7.10.2
7.10.3
7.10.4

v

Costs and benefits of tropical cyclones, severe thunderstorms and
bushfires in Australia- Two Studies . .......... ...

REVIEW OF METHODOLOGIES FOR DAMAGE ASSESSMENT OF NATURAL
DISASTERS . ... ittt i it i e et e e e e e

Introduction . . . . ... i e e e e e
Agricultural strategies adopted in areas with high weatherrisk . ..........
Important factors for disaster assessment in agrometeorology . ..........
Theuseofmodels . . .. .. ... . . i i i
Theuseofremotelysenseddata . . . . ....... ...y

REVIEW OF WARNING SYSTEMS . .. ....... ... .. i

The key components and theirevolution . ................... .. ..
Some satellite applications in warnings situations . ...................
Examples of warning systems of significance to agriculture and

forestry focussed upon individual hazards which have occurred ..........
Some examples of warning systems of significance to agriculture

and forestry focussing upon individual hazards which could be

implemented with available technology ....................... ...,
Guidelines for effectivewarning ........... ...t

REVIEW OF OTHER STRATEGIES FOR MITIGATION OF ADVERSE EFFECTS .

Models used in conjunction with forecasting, warning and evaluation

of tropicalcyclones . ... ... ... .. i e e
Models used in conjunction with forecasting, warning and evaluation
ofwildland fires . .. ... ... .. i i i i e e
An example of the use of satellite data and techniques as aids to

the mitigation of adverse effects from the specified natural hazards .......

HAZARD ASSESSMENT METHODOLOGY AND HAZARD REPRESENTATION .

Content of extreme events databases . ............... ...,
Networking of database components . . ... ...... .. ¢ ...
Problems with automation of datacollection . . . ... ..................
Roleof remotely sensed data ............ ..t iiiiinneenennn
Investigation of natural disasters . . ................. i
Recognition of the importance of basic data collection and storage ........
Some further thoughts on data and dataarchives ....................
The Australian Bureau of Meteorology’s severe local storm

archive (July 1994) . ... ... .. it ittt it

FACILITATING ACCESSIBILITY OF DATABASE INFORMATION TO
SERVICES CONCERNED WITH HAZARD PREPAREDNESS, MITIGATION
AND REDUCTION . ... ... ittt ettt e i e

ANALYSISOFQUESTIONNAIRE . . . .. ... ... ittt iiiaaannns

INtroQUCHION . v ottt ettt et et et e ettt e e
Wild 1and fires . & . v vttt e sttt ettt et e et e e e
LoCal SEVErE STOMMIS & & v v v v v vttt eee s s e o nasaseeseennesannensas
Hurricanes, tropical cyclonesand typhoons . .................. ...,

118




7.11

—t b e d

NN NN
- 2

7.12

7.13

R

FOCUS FROM AUSTRALIA . ..., .. ittt i it e e 165
Hurricanes, tropical cyclones and typhoons . . .............. ..., 166
Severe local storms/severe thunderstorms . . . . o oo vttt v vt e en v e annnn 169
Wild land fires/bushfires . ............. et e ettt 170
[0 Yo Ye -3 171
CONCLUSION/RECOMMENDATIONS FOR FURTHER STUDY ............ 173

REFERENCES




vil

SUMMARY

The Working Group on Extreme Agrometeorological Events was composed of the
following rapporteurs:

(a)  Rapporteur on measures to monitor and predict the effects of agricultural drought;

{b) Rapporteur on agrometeorological inputs to measures to alleviate the effects of
drought and to combat desertification;

€ Rapporteur on agrometeorological information for locust control;

{d) Rapporteur on agrometeorological information for the monitoring of the spread of
animal diseases; '

{e} Rapporteur on the specific aspects of naturat disaster which affect agricultural
production and forecasts, particularly wildfires, hurricanes and severe local storms.

This summary gives an overview of the reports from the five rapporteurs, and from the
additional papers that are found essential to provide more information. Due to the nature of the overall
theme of the Working Group (Extreme of Agrometeorclogical Events}, a report produced by
Dr R. Gommes (FAD) was adopted as part of the introduction to the working groups’ theme. The
paper generally addressed world wide extreme agrometeorological events, giving statistics of both
nurnan and agricultural losses, and examples of episodes that occurred in several countries.

The rapporteur an measures to monitor and predict the effects of agricultural drought,
starts her report by describing drought severity, as not only dependent on the duration, intensity, and
geographical extent of a specific drought episods, but also on the demands made by human activities
and by vegetation on a region’s water supplies. The rapporteur goes on to define and describe the
meteorological, agricultural and hydrological drought. The report identifies the most important
metecrological indices that characterize drought as precipitation, potential evapotranspiration, and
precipitation minus potential evapotranspiration. These determine the available soil-moisture in the
soil; which is one of the most important teol to monitor drought. The report then describes the
drought monitoring system in France, which uses the soil water balance model. Soil water balance
is monitored every ten days in all synoptic stations, with the aim of providing early warning to the
relevant authorities, once significant soil water deficits are detected. Finally, the report concluded by
painting out the most important tools used to fight against agricultural droughts:

. jrrigation in area that have adequate water supply;

. growing of drought resistant plants that are adapted to the prevailing climate and
soiis;

. planting during the bet planting period;

. the amelioration of the maximum available water content.

The rapporteur on agrometeorological inputs to measures for alleviating the effects of
drought and combatting desertification, adopted definitions agreed upon the International Convention
to Combat Desertification (INCD). The method of collecting information from member countries by
means of questionnaires is unsuccessful because there are very few responses received. The
rapporteur has to rely on the available literature, and inputs from available experts on specific topics,
to produce the report. The report reviews and summarises the available literature on drought and
desertification. The drought monitoring system in Botswana is given as a an example; emphasising
the role of agrometeoralogy in drought monitoring, and its effectiveness as an advice to policy
makers, the implementors and the farming community.



viii

Professar Williams and Professor Bolling produced a surmmary report providing additional
information on the interactions of desertification and climate. Their report provides supplementary
information on the agrometeorological inputs and measures 1o combat desertification. Botswana's
experience on desertification are also outlined and a summary of the INCD case study is included in
the appendices. Finally, recommendations are made to the CAgM.

A rapporteur on agrometeorological information for locust control reports on ten
representative of locust species, their breeding and movement. The report describes how rainfall,
temperature and wind affects locusts and discussed the potential of meteorology for improving the
manitoring, forecasting and control of locust populations. The operational preparation and use
agrometeorological information for lost control was also discussed in the report.

Questionnaires are sent to countries that are at risk of locust infestation, but also about
3 fourth of the countries that are sent the questionnaires responded. The information received from
the countries at risk of infestation use agrometeorological advice 10 monitor and control locust. Lastly,
the report recommends that an improved co-operation between national meteorological and locust
control services, and the provision of information that is, or can be, produced routinely and therefore
requires little or no additional resources, would contribute most to the improved monitoring and
control of locust. Rapporteur on agrometearological information for monitoring the spread of annual
diseases reports on the epidemiological study of Lumpy skin disease {LSD) in Kenya, and its possible
carrelation on its spread to weather factors. The report concentrates on a period when there is a
massive outbreak of LSD {between 1989-91}. The result of the study is not conclusive as far as the
massive spread of LSD in Kenya when correlated with weather factors. However, rainfall and wind
flow pattern are possible contributing factors in the spread of insect vectors that are responsible for
the spread of LSD. The rapporteur finally recommends that a further investigation on the weather
aspect of the disease on infestation should continue.

The rapporteur on the specific aspects of natural disasters which affect agricultural
production and forests, reports extensively on the review of methodologies for assessing economic
and social inputs of extreme events as well as an overview of the categories of natural disasters
including meteorological, geological and epidemiological events. However, the main thrust of his
report is on wild land fires, severe local storms and hurricanes. Other mentioned are hailstorms,
tornadoes, thunderstorms and heavy rainflash flooding {associated with severe local storms}; storm
surges, heavy rainsfflood associated with hurricanes. Though river flooding is mentioned, it is not a
major focus of the report of the rapporteur.

In an effort to report accurately an assessment of impacts of extreme events, the
rapporteur enumerated two major constraints viz lack of any systematic methodology, acceptable to
meteorologists, economists and planners and more importantiy, there are inadequate information
within member countries on impacts of specific phenomenon or events. The rapporteur then
recommends that the CAgM Working Group on Extreme Meteorological Events should undertake a
survey of accepted method of assessing economic and social benefits of such events with a view to
select and implement the preferred approach on the part of WMO Members. It is also recommended
that CAgM Working Group on Extreme Events jointly develop a standard approach to case studies
which are useful for investigating the economic and social impacts of extreme events.
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CHAPTER 1

AN OVERVIEW (EXTREME AGROMETEOROLOGICAL EVENTS) (') by R. Gommes

1.1 INTRODUCTION

In the same way as a disaster is defined as "the interface between an extreme physical
event and a vulnerable human population” (Susman et a/., 1983), extreme agrometeorological events
are at the interface between a vuinerable agricultural system and extreme weather conditions.
However, the definition of extreme agrometeorological events is broader, as they include as well
weather conditions conducive to the development of agents {like pests and diseases) that negatively
affect agriculture {the term, according to the FAQ definition, includes crop agriculture, livestock and
pastures, forests and fisheries, both ocean and inland fisheries).

It is a characteristic of the type of farming practised in developing countries, that they
are very vulnerable to extreme agrometeorological events, in terms of impact on the global economy.
Traditional food production systems tend to be well adapted and rather resilient to locat weather.
However, due to population pressure, more marginal land has to be put under cultivation{’) and the
fallow period tends to grow shorter. This entails an increased variability of food production, even
under relatively stable weather conditions.

It is also worth menticning that modern farming practices {high vielding varieties - HYVs-,
use of fertilizer and other inputs) can turn out to be negative factors if they are not backed by
improved infrastructure, in particular transport and storage of agricultural produce. There are many
examples from semi-arid areas where, due ta their higher water requirements fertilized HYVs have
suffered more from dry spells than traditional crops (Gommes, 1993).

Another vulnerability factor is the predominant role of agriculture in the economy of many
developing countries. In the five countries of the Central American Common Market (MCCA},
according to a study by the Economic Commission for Central America (ECLA)} for the period
1960-74, disaster-related damages represented an average loss of 2.3% of the Gross National
Product {GNP) every year, while the annual GNP increase reached 5.6% (populaticn growth rate
averaged 3%, World Bank, 1976, 1960-70 datal.

1.2 SOME CHARACTERISTICS OF EXTREME AGROMETEOROLOGICAL EVENTS
1.2.1 Importance of the agricultural background

In order to assess the impact of a weather disaster on crop production, one must link two
fundamental aspects: first, the disaster proper, i.e the destructive power of the event; secondly, the
characteristics of the agricultural system which has been hit. This is illustrated below in the example
of Bangladesh, based on FAD statistics and Rahman, 1985. Good examples are also provided by
Xiang and Griffiths for China (Xiang and Griffiths, 1888).

Between 1970 and 1984, three major weather-disasters struck the country. In
mid-November 1970, one of the worst cyclones in history caused between 200,000 and 400,000
deaths in Bangladesh only; in 1978-79 a most severe drought befell the country, followed, in 1984,
by extended heavy floods which lasted unusually long, from May to September. The result was, for
each of the three events, a sharp decrease of the total rice production.

! This section is largely based on the N. 2 of FAD Agrometeoralogy Working Papers Series by R. Gommes and T.
Négre (22 pp., FAQ 1992).

2 F.g. land lower natural fertility, low water storage capacity and prone to erosion.
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In 1970, the cyclone struck the country in November. This coincides with the start of the
Aman rice harvest {°), of which a sizeabie fraction could not be harvested. This led to a drop in
production of 1 million tons as compared with the previous year.

However, November is also the planting period for the Boro rice crop. Following the
cyclone, the disruption of economic activity, the destruction of infra-structure and fioods (including
a tidal wave), the area cultivated with Boro rice was less and planting or transplanting was delayed.
This accounts for the sharp decrease in Boro production the following year (1 971).

The Aus rice crop was not directly hit, but it suffered as a result of the problems listed
above, compounded by a war in 1971.

This quick overview shows that weather-disaster interactions with agriculture are
complex and that they are very likely to involve non-agricultural factors.

1.2.2 Distribution of the losses within the agricultural sector ()

For most developing countries, deaths, hunger, injured people and crop losses represent
the bigger part of the damage caused by a climatic disaster. Damages to mostly little developed
infrastructures are usually lower than agricuttural production losses.

In monetary terms, the losses incurred by livestock raising, forestry and fisheries maostly
remain below those suffered by crop agriculture. In this respect, Madagascar is quite representative.
Following several cyclone occurrences in 1983-84, the FAO Office for Special Relief Operations
estimated that crop losses represented 85% of the total damage to the agricultural sector, whereas
the damage to infrastructure and equipment {drainage and irrigation channeis, fishing gear...} barely
reached 159%. Livestock losses were negligible (OSRO, 1984}.

The traditional, smail-scale fisheries were also hit by the cyclone but, if human losses
were to be deplored {5 fishermen), the damage to fishing gear and boats represented only 0.6%.

A rather different impact pattern occurs in smait islands like Antigua and Barbuda where
fisheries constitute the backbone of the economy. After hurricane "Huga” in 1989, 47 % of the losses
occurred in fisheries, but crop losses still represented almaost 40% of the total damage (OSRO,
1989b}.

Finally, it is worth mentioning the losses affecting cash crops, which constitute a majar
source of export earnings in a number of developing countries.

In Nicaragua, the Ministry of Agricultural Development and Agrarian Reform reported that
direct losses of export crops due to hurricane " juana" {"Joan”) in jate 1988 to amounted to 21% of
the total losses in the agricultural sector (IMIDINRA, 1988). Coffee and bananas suffered a direct loss
of their fruits and mechanical damage to their plants. Nonetheless, food crop losses were estimated
to be higher {35%}, while the livestock sector was less affected {8%, of which ona fifth was poultry).

3 Bangladesh has three main rice seasons: Aus, Aman and Boro, Aus and Aman are planted or transplanted at
the beginning of the monsoon hetween March snd June and harvested between July {Aus, at the peak of the
monsoon} and November-December {Aman, at the end of the rainy season). Boro is planted at the end of the rainy
season in November-December, irrigated during the dry season {Dacember-February) and harvested at the beginning
of the monsaoon {April-June].

* The figures given in the following text refer only to direct losses in the agriculture sector.



123 Direct and indirect effects

Whatever the economic sector concerned, two broad categories of effects can be
identified: direct and indirect effects.

Direct effects regard the property and the income of the people, the enterprises and the
public sector. For a central-american farmer, victim of a cyclone, direct effects could be, for example,
the loss of his current crop and damages to his irrigation facilities.

indirect effects appear progressively, as a result of low income, decrease of production,
environmental degradation and other factars related to the disaster. Tha farmer may well have to pay
high prices for seeds because of increased demand and the disruption of the transportation system.
He might also lose a portion of future harvests because of a tidal wave-related salinization of soils or
the destruction of perennial plantation crops which sometimes take 5 to 10 years to establish again.

For an annual crop, the Office of the United Nations Disaster Relief Co-Ordinator {UNDRO,
1979} estimated the global loss {direct and indirect) at 1.5 to 2 times the direct loss (the lost harvest
value). For a perenniai crop, the global loss was evaluated at & to 7 times the value of the lost
harvest.

indirect effects are difficult to guantify and therefore, they are often termed "invisible™
effects. Plants weakened by adverse weather are much more susceptible to cryptogamic diseases
or pest attacks, like the explosion of "coconut black beetle” {Oryctes rhinoceros L.) populations on
wind damaged coconut trees.

Particularly for perennial crops, a number of years may be required before the narmal
situation is restored. The following values are given as examples: 30 years for certain timber varieties
after hurricane Allen (6/8/1980} hit Jamaica (FAQ, 1982}, but more frequently from 6 months {frost
defoliation in tea, wind defoliation) or one year (banana) to 4 10 5 years [coffes, sugar cane).

Even for crops that regenerate easily after partial damage, harvesting {and in particular
mechanical harvesting), is usually made difficult by the "abnormal” morphalogy. thus further reducing
vield expectations.

Conditions conducive to the development of pests and diseases are to be regarded as
indirect effects. In fact, the conditions which trigger pest and disease development are rarely directly
harmful per se. They are usually a combination of moisture or temperature conditions which do not
directly affect crops. Typical examples are desert locust outbreaks or increased disease incidence on
sugar cane after hurricanes.

1.2.4 An example of indirect effects: fires

Fires, more specificalty forest fires, are mentioned in this context as they constitute an
important cause of forest produce losses in many countries, next to wind, hail, etc. In addition, the
origin of a forest fire is often natural {lightning) and the weather conditions (low rainfall, iow air

moisture, wind) rank highest among the factars which favour the spreading of forest fires.

The relative importance of fires and some other factors is illustrated below, based on
South African plantations data during 1984-85 {Environmental Affairs, 1986}.

Out of approximately 250,000 ha of plantations, 8,510 ha were affected by adverse
factors of which fires, wind, snow and hail account for half. Drought turned out to be a negligible
factor while pests and diseases make up the other half.
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If the same results are presented by value, a completely different picture emerges: about
83% of the losses is to be ascribed to fire only, followed by rodents {1 2.7%) and by winds {1.9%]}.
In this particular instance, insects and other weather factors play a negligible part.

The spectacular difference between the losses as expressed by area or by value is
explained by the rather severe damage inflicted by fires. In the current example, the loss varies from
about US$ 300/ha (fires, fungi) to US$ 6/ha linsects). Weather factors occupy intermediate values
from US$ 12/ha {snow, hail} and wind {US#$ 35/ha} to drought {US$ 132/ha). The figures abaove apply
only to the affected areas.

1.25 An example of predominantly direct effects: food production in Bangladesh

in disaster-prone areas, the pressure of disaster risk on crop production is rather heavy.
As indicated above, in countries like Bangladesh, "exceptional” weather events such as floods,
drought and cyclones occur almost every year.

The inter-annual variation of & risky crop production {like the Aman rice} may well reach
20 to 25%. This is more or less equal to the increase in Aman rice production over the last 30 years.
(The improvement was achieved through technology development and the improverment of farming
practices).

Similar data for the Sahelian countries would show the extreme dependence of food
production in many tropicai countries on the weather vagaries.

1.3. A TENTATIVE LiST OF EXTREME AGROMETEOROLOGICAL EVENTS

Below is a table showing some weather factors which may negatively affect agricuiture.
It is very difficult to provide specific values for the extreme weather factors listed, as such values
would be crop and phenology specific. In addition, each organism reacts according to specific
combinations of intensity and duration of climatic factors. Finally, extreme factors are usually
combined, for instance high temperatures and low rainfall during drought, or strong wind and intense
rainfall during cyclones.

The table also includes some events which belong to geophysics s./. rather than to
meteorology, for instance volcanic eruptions, avalanches and earthquakes. Dam failures, which may
be due to a number of reasons, including extreme weather, could be added as a factor which
completely disrupts the general and agricuitural infrastructure in addition to causing a direct loss of
crops, fish ponds and farm animals.

There are numerous examples for each of the disasters above. Some disasters occur with
extrerely low absolute frequencies {approx. once in a century), like impacts of sizeable meteorites.
However, when they occur, like the Tunguska impact in Siberia of June 1908, which levelled about
2000 km? of forest, the damage may be huge.

Finally, it should be noted that extreme or unseasonable conditions frequently interfere
with farm operations, thereby resulting in sub-optimal practices and loss of production.



Weather factor Negative effects on agriculture of extreme values
{both direct and indirect)

Rainfall Direct damage to fragile plant organs, like flowers; soil erosion; water
logging; drought and floods; land slides; impeded drying of produce;
conditions favourable to crop and livestock pest development;
negative effect on pollination and pollinators

Wind Physical damage to plant organs or whoie plants {e.g. defoliation,
particularly of shrubs and trees); soil erosion; excessive evaporation.
Wind is an aggravating factor in the event of bush or forest fires

Air moisture High values create conditions favourable to pest development; low
values associated with high evaporation and often one of the most
determinant factors in fire outbreaks

High temperatures Increased evapotranspiration; induced sterility in certain crops; poor
vernalization; survival of pests during winter. High temperatures at
night are associated with increased respiration loss. "Heat waves”,

| lengthy spells of abnormally high temperatures are particularly harmful

Low temperatures Destruction of cell structure (frost); desiccation; slow growth, i
particularly during cold waves; cold dews

High cloudiness Increased incidence of diseases; poor growth

Hail Hail impact is usually rather localized, but the damage to crops -

particularly at critical phenological stages- and infrastructure may be
significant. Even light hail tends to be followed by pest and disease

attacks
Lightning Lightning causes damage to buildings and the loss of farm animals. It
is also one of the causes of wildfire
i
Snow Heavy snowfall damages woody plants. Unseasonable occurrence
particularly affects reproductive organs of plants
Volcanic eruptions, The events listed may disrupt infrastructure and cause the loss of ||
avalanches and crops and farmland, sometimes permanently. A recent example of
earthquakes carbon dioxide and hydrogen sulphide emissions from a volcanic lake

in Cameroon (lake Nyos, 1986) caused significant loss of human life
and farm animals

Air and water Air pollutants affect life in the immediate surrounding of point
pollution sources. Some poliutants, like ozone, are however known t¢ have
significant effects on crop yields over wide areas. In combination with
fog, some pollutants have a more marked effect on plants and
animals. Qccurrences of irrigation water pollution have been reported

1.4 METHODOLOGICAL ASPECTS OF EXTREME AGROMETEOROLOGICAL IMPACT
ASSESSMENT

The paragraph below presents a more systematic treatment of the factors to take into
account when assessing vulnerability to, or risks associated with extreme agrometeorological events.

Problems are particularly difficult when dealing with factors which mechanically damage
crops. There is little work done on this subject and it is sometimes difficult 10 separate the effects
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of classical {physiological} factors and mechanical effects. Typical examples are root asphyxiation
following flood-like runoff, high-intensity rains or water logging, or frost.

1.4.1

1.4.2

Weather factors

{a}

(b)

{c)

(d)

{e)

Mechanical versus non-mechanical. Mechanical factors are those which directly
and physically damage plants. Continuous rains and drought fall into the category
of non-mechanical disasters. The energies involved in non-mechanical disasters are
usually of the same order of magnitude as the normal factors; non-mechanical
disasters are more often due to abnormal duration, distribution or simultaneous
occurrence rather than to unusual intensity;

As mentioned above, the energies or intensities of the weather factors linked with
disasters may be vastly different from their normal range. High intensities are
mostly linked with reiatively short durations (hours or days}). The wind speeds
which accompany tornadoes/hurricanes are about one order of magnitude greater
than their averages. In addition, the kinetic energy (and destructive power) of
winds vary with the square of wind velocity. Simitar considerations apply to the
size of hailstones and frost intensity;

Presence/ahsence characterizes such factors as hail, which oceur with very low
absolute frequencies;

Cumulative/non cumulative effects. Trees uprooted by violent wind gusts are
unlikely to suffer further damage from the same factor. However, heavy rains
typically have a curnulative effect on soil erosion, where both the duration and the
intensity play an important part {(WMO 1983). A practical consequence is that for
rainfall damage assessment a number of data is required , while for wind a single
value (maximum windspeed} is usually sufficient;

Timing and succession of events: some extreme events build up graduaily, as is the
case with droughts or water logging, quite independeritly of their intensity. In many
instances, it not possible to assign a precise point in time for the beginning (or the
end) of the extreme agrometeorotogical event. This is the main justification behind
monitoring and warning systems. The rate of change pldys also an important role
tor such factors as temperatures. Organisms can adapt more easily to slow
changes.

Crop factors

(a)

()

Thresholds and qualitative effects characterize a number of plants and animals with
regard to their response 10 weather factors. Very well known examples are the
effect of high temperatures on rice sterility and the breaking of the stems and
branches of certain rubber cultivars by wind. Another interesting example of this
is given by Foong (1980, based on various authors) according to which abnormal
sunshine duration leads to abnormal frequency of male inflorescence in oil palm.

The existence of thresholds are a major cause of non-linear response of crop yields
to adverse weather factors.

Specific differences. There are numerous examples of certain crops suffering very
different losses under comparable adverse conditions. According to OSRO (1988},
hurricane "Juana” (21-23 October 1988) almost completely destroyed coconut
palms {more than 70% were broken or uprooted) in the worst-hit areas of the
western coast of Nicaragua, while the most badiy affected cocoa plantations lost
iess than half their trees. It is also a common observation that plantations suffer
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more direct and apparent damage than naturai forest, to such that the latter
constitute efficient protective barriers. However, it should be noted that the
complex natural ecosystems may take a long time to rebuild their diversity,
sometimes even centuries.

To quote an extreme example, it is also a common observation that root and tuber
crops and creeping plants suffer very little fram hurricanes while tree crops and
cereals may be badly hit.

Similarly, floating rice varieties (like the B-Aman in Bangladesh) are characterized
by very fast stem elongations which can keep pace with rapidly rising waters
during floods.

(c) Phenology and size. Crop development stages are a very important qualitative
factor. While still in their early stages grasses and cereals suffer little wind damage
{Sturrock, 1975}; rice appears to be very sensitive to hail at the time of
transplanting and harvest. Wind will affect rice most at the time of heading and
reaping {Daigo, 1957} and the damage to adult trees may vary from defoliation to
uprooting.

One of the major causes of crop losses after hurricane "Juana® hit Nicaragua in
1988 was the germination of maize still drying on the cobs in the fields {OSRO,
1989).

Flowering appears to be the most sensitive stage, as any factors preventing
fertilization or flower-set will result in very poor yield, independently of the crop’s
standing biomass.

1.4.3 Other environmental factors and complex interactions, including long-term effects

A typical complex interaction is the one observed during heavy rains and floods. Waters
have during these events several combined destructive effects on craps. Erosion and re-sedimentation
are physical effects caused by running water, while water logging and root asphyxiation involve crop
physiology. But floods may have positive effects as well like silt deposition, water reserves repletion
and soil desalinisation. Of particular notice in this context are river-bed changes and major land-slides
which may completely madify the agricuitural landscape.

Another example of this is the combined effect of the tidal wave, strong winds and
fioods, and the "ocean spray™ of sea water blown inland during storms or cyclones, Salt may take .
years to be washed out, thus reducing crop yields.

Topography (slope, aspect) obviously plays a major role in most extreme weather factors.
1.5 CONCLUSIONS

(a) Damage caused by extreme agrometeorological events to the agricultural sector
may be significant, scmetimes of the order of magnitude of the GNP growth. For
many disaster-prone countries, agricultural losses due to exceptional weather
avents are a real constraint on their global economy;

(o)  Agrometeorological disasters result from the interaction of a meteorological factor,
or a combination of meteorclogical factors, with an agricultural system. The extent
of the damage depends as much on the characteristics of the agricuttural system
as on the physical event which causes it;
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{c} Indirect effects may continue to affect agriculture negatively long after the extreme
event took place. The time needed to recover from some extreme agro-
metearological events ranges from months to decades.
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CHAPTER 2

MEASURES TO MONITOR AND PREDICT THE EFFECTS OF AGRICULTURAL DROUGHT
by V. Pérarnaud

21 INTRODUCTION

In laymans terms, the word drought signifies water shortage conditions. In addition to the
identification of water shortages in a given setting or region, hawever, any analysis of the causes and
effects of drought must be undertaken in terms of meteorological drought. agricultural drought or
hydrological drought. :

Anomalies in the general atmospheric circulation occur upstream from all types of drought
{Choisnel, 1993). Studies of this phenomenon have revealed highly complex mechanism and
interactions that affect the atmospheric water cycle, the energy balance in the atmosphere, air mass
circulation and vertical atmospheric movements. One of the meteorological causes of drought in
temperate zones is the persistence of high-pressure zones aver the territory concerned, since this type
of situation causes descending atmospheric movements that dry the air and distance it from
saturation. Another cause is linked to the absence of a water vapour supply, owing to evaporation
at ground level or by lateral replenishment of moist air.

A drought situation cannot be forecast without at least a 15-day forecast of atmospheric
circulation conditions. Yet any deterministic weather forecast is curtailed by the turbulent and chaotic
nature of atmospheric movements, which limits the range of this type of weather forecast to about
10 days at most, and current weather forecasting abilities are limited to a 5-day range. Therefore
drought forecasts should not be focused on the atmospheric aspect of the drought alone, but should
also include analyses of soil parameters, whether they be measured (e.g. precipitation amount} or
estimated (e.g. potential evapotranspiration or soil moisture content}.

Cnce the drought has been clearly defined as being meteorological, agricultural or
hydrological, and investigation is undertaken of the drought’s impact on agricultural output in France
in terms of the duration of the drought.

Drought can be analysed using meteorological indices, or by using indices derived from
water balance model. While the latter method is used in France due to its temperate climate, the
model can be adapted to climatic conditions typica! to any given country.

Once the spatial-temporal variability of the drought is factored into the equation, the
extreme event can be placed within its climatic context, the drought can be geographically plotted,
and its dynamic development can be tracked.

On-going monitoring af the water balance in soils at the nationat level will provide an early
diagnosis of the risk of drought, and public authorities can thus be notified in a timely manner.
Consequently, measures can be taken to alleviate drought-caused damage to agriculture.

2.2 METEOROLOGICAL, AGRICULTURAL AND HYDROLOGICAL DROUGHT
Meteorological drought

There are numerous definitions of meteorological rought. Yet while one definition may
be applicable to a given region, it cannot be extrapolated to other regions having different climatic
features. Hence, in the USA (Blumenstock, 1942} drought conditions are said to occur when less than
2.5 mm of rainfall is recorded over 48 hours, whereas in Libya (Hudson, 1964) they occur when
cumulative annual rainfall is less than 180 mm.
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Other definitions of drought compare the degree of drought with an average obtained over
a long period of time, which is referred to as “normal”. For example, McGuire and Palmer {1957)
define draught as a period during which monthly or annual rainfall is a certain percentage below
normal. Thus, each country may have its own definition of drought.

Agricultural drought

A plant’s water requirements depend on the current weather conditions, the biological
features of the crop concerned, its stage of development, and the physical and biotogical properties
of the soil. An operational definition of agricultural drought must take into account the wvariahle
sensitivity of crops at different stages of development. Consequently, attention must be paid to soil
moisture content, which varies with water replenishment (rainfall, irrigation) and water loss (real
avapotranspiration).

Hydrological drought

Hydrological drought is defined in terms of the effects of dry spells on surface or
groundwater hydrology, as opposed to a maeteorclogical description of the phenomenon. For example,
Linsley et al, {1975) define hydrological drought as & period during which flow fails to meet the usage
needs of a given water management system. Definitions of the frequency and severity of hydrological
drought are often based on its effect on catchments.

The start of a drought episode is difficult to determine. Subsequently, however, a time
discrepance emerges between the onset of the rainfall deficit and the first signs of the drought’s
effects on agricuttural production. In practice, therefore, as a result of this time discrepancy the dates
of the beginning and end of these two types of drought do not coincide.

The years 1988-91 in France {Choisnel. 1892) are an example. For instance, at the
conclusion of the 1988-89 winter, there was no potential agricultural drought in the northern half of
France in that, despite a considerable rainfall shortage during the autumn-winter period, the soil
reverted to “field capacity” throughout the region. Thus there was only a hydrological drought, since
the rainfall shortage led to vastly reduced or non-existent runoff to water tables. in the southern half
of France, on the other hand, in addition to rainfall shortages amounting to about 50% below average,
there was abnormal soil maisture content, particularly in the Garonne Valley. Thus, hydrological and
agricultural drought occurred simultaneously.

The fundamental difference between the drought of 1983 and 1976 is that in April 1989
rainfall exceeded two or three times the average and, unlike June 1976, despite rainfall shortages
June 1989 was not an exceptionally dry month.

The most unusual aspect of this unprecedented drought scenario was the delayed effect
of the winter drought, which reduced the amount of water available for irrigation. Analyses of the
1976 situation led to predictions as early as February 1989 of a critical agricultural situation
developing in the summer of 1889.

23 DIFFERENT DROUGHT SCENARIOS IN FRANCE

The effects of drought on agricultural vield vary enormously, depending on the time of
year the drought occurs. Drought occurring during the susceptible stages of a plant will have a severe
impact on its final yield.

2.3.1 Summer drought
The effects of summer drought on agriculture are self-evident. There is always

considerable damage to non-irrigated crops because the absence of rainfall coincides with the
susceptible stage of crops, i.e. just before or just after flowering. For obvious reasons, summer
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drought is the most widely studied and best known scenario in France in terms of its impact on
agriculture. The summer drought of 1986 had important repercussions on agricultural production in
France, and 98% of the money disbursed by the “Fonds National de Garantie des Calamités
Agricoles” that year was paid as a result of the drought.

2.3.2 Spring-summer drought

This scenario may be considered more damaging than the preceding scenario, since all
spring-summer crops are affected. When spring-summer drought occurred in 1378, the paucity of
grazing forced farmers to buy high-priced animal fodder on the international market. And owing to
tardy sowing, maize was unable to take shoot at all because root development was hampered by
topsoil desiccation,

233 April drought

On average, April is one of the rainiest months of the year through France. Rainfall
shortages during this month can adversely affect spring shoots due to the lack of moisture in topsoils.
This scenario occurred in April 1982, particularly in central France where less than 10 mm rain fell
in three weeks, whereas the average cumulative rainfall for April in this region is in the order of
50 mm.

2.3.4 Autumn drought

Auturmnn droughts are characterized in particular by delayed replenishment of soil water
reserves in the first metre of depth, which does not occur until winter. The date at which
groundwater runoff resumes its flow to the water table is likewise delayed.

In Autumn 1978 a considerable hydrological drought iasted until about mid-December,
yet no agricultural drought occurred at that time. Conversely, the rainfall shortages that began in early
August 1985 and the absence of any significant rainfali in September that year resulted in no new
grass growth and caused hardship for livestock farmers.

2.3.5 Autumn-winter drought

From the hydrological standpoint, these droughts are extremely serious since coil
conditions at this time should revert to field capacity and the runoff that replenishes the water tables
should resume. Indirectly, autumn-winter droughts can have very serious consequences on the yield
of irrigated spring-summer crops in cases where irrigation water is rationed. The drought years
1988-89 and 1989-90 are noteworthy in that rainfall in both September-January periods, particularly
in the south of France, was only 40% of the average.

2.4 DROUGHT ANALYSIS

A number of indices relating to the climatic features of a country may be used in drought
analyses. These indices are described in WMO Technical Note No. 138 “Drought and Agriculture®. A
description of the indices used in France is provided below.

241 Meteorological indices

As a first step, consideration should be given to meteorological variables such as depth
of precipitation, potential evapotranspiration, potential water balance {rain-potential evapo-
transpiration). The advantage of these indices is that they refer to meteorological parameters only,
and in no way take the soil or crop type into account.
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Meteorological variabies can either be considered chronologically, or cumulatively after
a given date (that supposedly corresponds to the onset of the drought}. In order to highlight the
exceptional nature aof the variables, they may be:

. positioned in relation to a relevant statistical parameter so that, for example, values
below the first quintile carrespond to a 20% risk of drought; or
. relate them to normal values calculated over a long period of time.

Hence, Figure 2.1 relates cumulative rainfall in July-October 1985 to normal July-October
rainfall {(1951-80) expressed in percentage terms (%). The Massif Central {in central France),
Provence (in south-eastern France), and Burgundy (central-eastern France) are all severely affected
with a ration of less than 30% and even 20%.

Figure 2.1 - Ratio of cumulative rainfall July-October 1985 compared with normal July-October
rainfall {1951-80), expressed in per cent.

2.4.2 Indices obtained from a water balance model

Agricultural drought is defined as the presence of abnormal hydrological conditions in the
sail throughout the area under consideration, normally to a depth of 1 metre. Such conditions have
a direct impact on the crop’s evapotranspiration and impede the physialogical functions of the plant.
The process, then, consists of plotting hydrological conditions in the soil over time and as a function
of certain meteorological parameters (rain, potential evapotranspiration calculated either from global
radiation or, atternatively, from sunshine duration, temperature, air humidity, wind speed). A suitable
tool for this process is a soil water balance model which, in addition to meteorological conditions,
takes pedological and crop factors into account. The following functions are involved in calculating
the soil water balance:
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{a)} Calculating the evolvement of soil moisture reserves as a function of time. This
step entails the monitoring of one or several underground reservoirs which,
combined, constitute the Total Reserve Rit);

{b}  Calculating the decrease in real evapotranspiration in relation to maximum
evapatranspiration. This process is a regulator function.

Another advantage of a water balance model is that it is possible to take into account the
effect of the pluviometry lag on soil moisture content, particularly since the lag increases with rises
in Available Reserves {AR).

2.4.3 Establishing a water balance model

In a local setting, variations in water content depend on weather conditions {rain, potential
evapotranspiration}, crop type and crop development (crop coefficient), and soil type {available
reserve).

An essential first step consists of determining the hydrological conditions in soils
nationwide. Then, so as to avoid influence by crop type, the water balance is determined in soil with
a specific vegetation cover - grassland - which is representative of vegetation cover with year-round
evapotranspiration and under natural conditions (i.e. without irrigation).

A standard soil depth of 1 metre is established for each simulation point. Available
reserves may then be modulated according to soil type from 100 mm {sandy soil}, to 150 mm {(clay
soil}, and even 200 mm (clay-mud soil).

2.4.4 Monitoring the water balance

In order to calculate the water balance, a starting date must first be selected and the sail
water content must be initialized on a specific date. In temperate climates such as in France, the most
suitable date for this is the end of winter {i.e. 1 March], when soils are assumed to be at field
capacity. In tropical regions, on the other hand, calculations should commence at the end of the dry
season, and reserves should be initialized to zero on that date.

In alt cases, it seems preferable to undertake a multi-annual soil water balance simulation
whether a drought occurs or not. Initialization of soil moisture reserves (at the Available Reserves
value) is only undertaken once, on 1 January of the first simulation year. Calculation of the water
balance is undertaken continuously year-round, the advantage of on-going menitoring being that
possibie delayed effects of a drought from one year to the next can be identified. Thus, if a drought
has occurred the preceding year, it will be possible to determine whether or not the drought has had
a delayed effect on the hydrological conditions in the following year; i.e. based on calculations from
the soil water balance, whether the soil has reverted to “field capacity” in a given region. 10-day
intervals seem to be suitable for the purpose of monitoring hydrological conditions. From an
operational standpoint, therefore, moisture content is determined on the 10th, 20th or last day of the
month. Thus, without the ability to forecast drought occurrence, efforts can nonetheless be made to
monitor drought evolution through regular, station-by-station surveillance of the water balance in soils
throughout the nation.

245 Results derived from the model
At 10-day intervals, an inventory can be compiled of the water balance model’s output
data so that useful data can be identified, data that might be combined can be selected, and the

data's informativeness level determined.

. The status of reserves R(t) at the conclusion of the 10-day interval is the sum of
the remaining water reserves, in the superficial reservoir on the one hand (providing
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it is not empty) and in the deep reservoir on the ather {assuming the selected water
balance model is based on a system of two reservoirs). This variable is related to
the Available Reserves and is then expressed as a percentage. It corresponds to a
given instant;

. The difference (AR - R{t)) indicates the level of depletion within the reservoir;

. Real evapotranspiration (RET} calculated by the medel can be used to evaluate how
much rainfall has undergone effective evapotranspiration by the crop concerned;

* The RET/PET ratio thus provides an index showing the degree to which the plant’s
water requirements are satisfied. The index may be cumulated over a variable time
period {“*RET/ZLPET") so as to provide a global index relative to the period
concerned. For example, in certain regions where rainfall is scarce or non-existent
in July and August, the RET/PET index is far more relevant than the near-zero
R/AR.

The numerous index variations used. to characterize drought are synthesized in
Table 2.1 below:

Description Symbol Unit

Potential water balance Rain - PET mm
Ration of remaining reserves to available reserves (at end of 10-day R{t)/AR %
period )
Depletion in soil AR - Ri1) mm
Water requirements satisfaction rate (for grassland) RET/PET %
Estimated irrigation requirements (MET - RET) mm

Table 2.1 - Various drought indices

2.5 DROUGHT MONITORING

251 Temporal and spatial variabilities in the water balance

The guantification of any anomaly must take into account the fact that the water balance
is linked to a well-defined seasonal cycle. Hence it is essential that at any given time the value
derived from the water balance is related to its statistical variability. In practice, specific distribution
values are used as markers, namely, the first quintile, the median, and the 4th quintile {calculated
over a 30-year period if possible}. if drought occurs, the value at the 1st quintile {representing a 20%
risk, or one year in five) becomes the most significant. If an extreme drought occurs, the value at the
1st decile, or even the minimum, may be used as the marker.

Figure 2.2 provides a graphic representation at 10-day intervals of the Reserves/Available
(R/AR) at the Toulouse station in south-western France, showing the first quintile {broken line) and
the year 1976 {soiid fine). It show how, starting in early 1976 (although this scenario actually began
in winter 19751, the R/AR is below the first quintile, and only excesded the first quintile again during
the 22nd 10-day period, i.e. in mid-July.
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Figure 2.3 - A comparison of R/AR with the statistical elements on 30 November 1989.
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An analysis of the spatial extent of the drought is essential, since drought is always
heterogenous in space and in time. Its spatial heterogeneity can be identified by plotting values, such
as R/AR derived from the model, at a number of stations on a given date during the drought episode.
However, an R/AR value may be considered “normal” in one station and “abnormal” in another. The
R/AR value should therefore be placed in its climatic context at each station on a given date, by
comparing it with the statistical parameters established for the same date over a long period of time.
The following index may be used for this purpose:

Value Description Significance

=0 R/AR < Minimurn Record drought

1=1 _ Minimum < R/AR < 1st quintile Drought anomaly

=2 1st guintile < R/AR < Median Slight water deficit

=3 Median < R/AR < 4th guintile Normal soil conditions

1=4 4th quintile < R/AR < Maximum Excess soil conditions

1=5% R/AR > Maximum (Record) excess soil conditions

The Territory is then divided into zones according to synoptic stations with the same
index. This type of analysis serves a dual purpose in that it provides an early warning system for
anomalies and defines the spatial extent of such anomalies.

Figure 2.3 compares the R/AR. of the statistical parameters (for the period 1351-80} with
the date 30 November 1989. As shown, the whole of France falls within the 1=1 index {i.e. the R/AR
values are below the 1st quintile) or even the =0 index {i.e. the R/AR. values are below the minimum
recorded over the period 1951-80). Only the Montpellier and Perpignan stations {in the south of
France) show an | =4 index, which represents an excess.

Dynamic zoning of the drought may also be undertaken during the course of the year. In
this way, at different times during the drought those parts of the territory where the R/AR parameter
falls below the 1st quintile {on the same date) can be identified.

Figure 2.4 shows zones with drought anomalies {corresponding to the | =1 index} on four
dates spaced one month apart {20 June, 20 July, 20 August, 20 September} in the summer of 1986.
Thefigure shows the early onset of drought on 20 June over an area covering the mid- and lower
Garonne Valley, as well as in Eure-et-Loir.

252 Early warning of drought

Thus, early warnings of hydrological anomalies and an accurate representation of their
spatial coverage on a regional scale can be obtained by calculating the soil water balance, based on
meteorological data from preceding months. There is always a time lag between the emergence of
negative rainfall anomalies and the onset of drought in terms of its effects on agriculture. Due to the
hydrological lag time in soil, this discrepance is usually in the order of 3 weeks - a time that can be
used to alert users of the anomaly. So aithough droughts cannot be “farecast” per se, it is nonetheless
possible to sound the alarm and give a timely warning (in the event that rainfall shortages continue).

Hence, soil moisture content anomalies in France in late February would warrant early
warnings because, as of March, evapotranspiration normally exceeds rainfall and this situation wouid
be very likely to continue.
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Figure 2.4 - Zones with abnormal soil hydralogical conditions during the 1986 drought.
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In such a case the government would be alerted.{In France, the Ministry of Agriculture
and the Ministry of the Environment would be contacted). The government would then be in a
position to take water conservation measures during the ensuing months if need be, either for
irrigation purposes or for drinking water supplies. Such measures are especially applicable and
effective if the affected zones have been accurately plotted.

2.6 HOW TO ALLEVIATE THE EFFECTS OF AGRICULTURAL DROUGHT
2.6.1 Drought and agronamy

Water is essential to plant life in that it ensures both its turgidity and its food supply.
Mineral elements from the soil pass into the soil solution, the source of plant nourishment. Water
shortages, substantial evaporation, sensitive plants and soil with poor moisture content are all factors
that will allow a drought to manifest itself on crops. The concurrence of drought during the sensitive
stages of a plant’s life will have a very great impact on its yield. Based on analyses of these elements,
the most effective means of combatting drought appear to be the following:

Irrigation: Where water supplies exist or are available, irrigation serves to supply the
plant with its hydrological needs. Undertaken correctly, plant development can be
controlled more effectively by irrigation in that crops are less vulnerable 10 vicissitudes
in the weather. Fertilizers can also be used more effectively, and residue is less likely to
be solubilized by rain and washed down to the water table.

Use of plant species adapted to the climate and the soil, plants with fewer water
requirements, or hardier species: Drought will have less impact on the yield of
such plants. J.C. Remy (1290) briefly classified cultivated plant species according to their
growth requirements, as follows:

. drought-sensitive requiring water {maize, soyal;
. moderately;

. moderately drought-resistant plant (sunflower);
. drought-tolerant plants {sorghum, millet).

Improving the water holding capacity of soils through cultivation techniques, adding
organic matter, drainage, improved soil structure, €1c.

Where water is a limiting factor, a thoice must be made as to which system is best
suited to the available water resources [J. Puech, 1920}. On the one hand strategic
decisions must be made concerning production, and on the other tactical choices must
be made as to the extent of irrigation.

From the strategic standpoint: when selecting the best options during an ecenomic
drought, several scenarios should be investigated in terms of agrometeorological
conditions {such as soil type, climate, and the probability of water shortages} and socio-
economic factors {such as marketing prices, revenue dependability, manpower and
aguipment).

From the tactical standpoint: in order o optimize limited water resources, crops must
be monitored in real time using various methods to evaluate the water balance.

2.6.2 Impact on the 1989-91 drought on French agriculture
Although the water shortages that occurred in summer 1889 had been predicted as early

as February 1989, the French agricultural sector did little to modify its cultivation technigues and
suffered the full force of the drought because of subsequent water restrictions. In all, 50
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“départements” fell victim to the disaster. By 1990, however, agriculturalists had learned their lesson
from the previous year’s drought and had taken appropriate action:

(a)  Agriculturalists turned to crops and cultivation techniques better suited to drought
conditions, selecting crops with fewer water requirements such as sunflower and
sorghum;

{b} New cultivation technigues for working the soil also had to be adapted, such as
subsoiling and greater tilling depth in order 1o increase rooting depth;

(c) Some agriculturalists chose to alter the sowing period so that plants would
complete highly drought-sensitive stages before the decrease in summer rainfall.
In some cases, this resulted in the choice of different plant varieties;

{d) A dialogue began. in 1989 a “drought celi” was established by the Water
Administration of the Ministry of the Environment, and still meets today. At the
regional and departmental levels, drought cells comprising representatives from the
Chambers of Agriculture, METEO FRANCE, the Ministry of Agriculture, the plant
protection service, and produce associations, have met regularly since January
1990. Their objectives were, /nter alia, to monitor reserves and the effects of
rotation crapping over time and to apply irrigation water restrictions as required.

The Chambers of Agriculture took a number of steps to aid agriculturalists affected by
the drought, namely:

. compiiing detailed inventories of available water supplies and fodder;

. establishing agronomy and livestock councils and assigning them the responsibility
of monitoring livestock food and water shortages and providing solutions;

. building water tours in some regions;

. providing agricultural advisory services concerning;

. optional water usage during severe economic conditions, based on studies of crop
potentiality and production systems;

) the choice of appropriate spring crops in terms of available water resources;

. fertilization techniques and how to avoid poliution;

. communicating with the government and all water users concerning the
establishment and administration of services designed to optimize water usage;

. compiling dassiers on disasters and emergency situations.

27 CONCLUSION

An evaluation of the probabiiity of agricultural drought is a two-pronged process: the first
involves a statistica! evaluation, based on knowledge of climatic variability region by region, and the
second entails evaluation during the course of the drought itself. Drought monitoring must be
undertaken continuously, at 10-day intervals, throughout the year and over the entire territory. In this
way early warnings can be made of anomalies in the hydrological conditions of the seil, the spatial
extent of such anomalies can be plotted, and the government alerted. Agriculturalists are thus in a
position to take steps to alieviate the effects of the drought by selecting crops with fewer water
requirements, altering sowing crop monitoring (i.e. identifying the most critical period of the drought),
and monitoring the water balance. French agriculture was seriously affected by the four consecutive
drought years of 1989-92. The exceptional nature of this drought lay in the fact that it occurred
during the autumn-winter periods rather than the summer, but its impact on the ensuing summers was
all the more serious since the extent of agricultural irrigation has increased considerably over the last
20 years. Indeed, this was an “unprecedented” drought scenario in terms of weather conditions did
occur during the period 1945-49. Unfortunately, it is difficuit to compare the effect of these two
drought periods on agricultural production since major advances have been made in the food and
agricultural market during the 40 years separating these twao events.
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CHAPTER 3

AGROMETEOROLOGICAL INPUTS IN MEASURES TO ALLEVIATE THE
EFFECTS OF DROUGHT AND TO COMBAT DESERTIFICATION
by D.D. Dambe

3.1 DEFINITIONS OF DROUGHT AND DESERTIFICATION

Both definitions that are used in this document are as adopted by the Convention to
combat desertification in countries that are experiencing serious drought and/or desertification.

DROUGHT, as defined during the Intergovernmental‘ Negotiating Committee of the
Convention to Combat Desertification (INCD}, is the naturally occurring phenomenon that exist when
precipitation has been significantly below normal recorded levels, causing Serious hydrological
imbalances that adversely affect land resource production systems. However there are many
numerous definitions of drought that exist, depending on the measures used to determine its causes,
severity and its impact.

DESERTIFICATION as defined in the Agenda 21, at the Earth Summit in Rio, is land
degradation in arid, semi-arid and dry sub-humid areas resulting from various factors, including
climatic variations and human activities.

3.2 SUMMARIES FROM QUESTIONNAIRES FROM SOME MEMBER COUNTRIES

The response to the questionnaires sent out through the CAgM secretariat was not
encouraging. Only seventeen replies were received from all the six WMO regions. The information
received was not even a representative of a single WMO region. Most responses were from
Region |, presumably because drought and desertification have been more prevalent in this region,
during the recent past decades, and their impacts were devastating.

To summarise the little information received, five of the six WMO regions reported that
their countries have experienced drought, although at different magnitudes. The same countries
reported that they used agrometeorological inputs to determine drought years and aiso to alleviate
the effects of drought. Most countries that replied, used the existing methods/models, such as
Palmer’s Severity index, FAO Water Satisfaction Index, remote sensing methods etc., 1o monitor
drought. Australia is one of the countries that reported to be extensively using information on the El
Nifio Southern Oscillation (ENSO) phenomena, in an attempt to predict drought occurrences in their
region. Half of the countries that are affected by drought reported to have national drought policies.

Half of the countries that replied, reported the existence of desertification. Haif of those
countries that reparted the existence of desertification have national policies on desertification. Some
countries in Region | and V described agroclimatic models used to determine the encroachment of the
desert, and methods used to stop or slow down the process of desertification.

The poar response 1o the guestionnaires forced me to rely on the available literature,
rather than what was received from CAgM members. The summary of the responses to the
questionnaires can only give an indication the countries that are affected by desertification particularly
in Region |, and whether or not they have in place methods/models to combat desertification.

3.3 LITERATURE REVIEW

Draought and desertification have been given a lot of attention by severai authors fram
different scientific organizations. The Commission for Climatology and Commission for Agricultural
Metecrology have given special attention to these topics and several technical reports have been
published under WMO. A CAgM-IX Working Group on Monitoring, assessment and combat of Drought
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and desertification produced a report that covered the practical agrometeorological aspects in the
combat of drought and desertification, the onset and cessation of drought, and a survey of methods
and indices for monitoring and assessment of drought. Report of the CCI-X on Drought and
Desertification in Warm Climates by Ogallo (1989), summarized information on drought and
desertification from WMGQ guestionnaire, for each WMO region. The report also covered the required
meteorological network density and its design to effectively assist efforts to combat desertification.
The rapporteur went on to produce drought probability indices a mode! for drought response plans.
Examples of drought probabiiity and aridity indices produced by this report are attached in the
appendices.

A report of the CAgM Working Group on the Assessment of Drought was prepared by
C.E. Hounam, J.J. Burgos, M.S. Kalik, W.C. Palmer and J. Rodda. Amongst other topics the group
review meteorological indices of agricultural drought, and different methods of analysis, to detect and
assess drought conditions. The technical note also summarised different drought definitions and/or
associated concepts.

Sakamoto and Steyaert (1989), presented a paper on the international drought early
warning programme of NOAA/NESDIS/AISC, which concentrated on the use of the remote sensing
technology to provide information that mitigates the effects of drought and reveal the extent of
desertification. The paper summarized the NOAA Drought Early Warning System, which is based on
three subsystems, notably, agroclimatic indices, satellite assessment maodels, and crop yield forecast
models. The concept of Geographic Information System was used in the Early Warning Systemn by
using different data sources and integrating the data to provide relevant information. The agroclimatic
indices mainly required a reiiable and timely rainfall data base, which is normally received daily
through the WMOQ Global Telecommunications System (GTS). The satellite assessment models use
data from the European Space Agency's Geostationary Meteorological Satellite {(METEQSAT) and the
NOAA Polar Orbiting Satellite. The METEQSAT imagery is mainly used to estimate rainfall amount
according to the cloud types and coverage, based on the processes of cloud indexing. The NOAA
satellite provides daily data from the Advanced Very High Resolution Radiometer {AVHRR).

The Department of Theoretical Production Ecology (TPE} and the Centre of Agrobiological
Research (CABO) in Wageningen, Netherlands have been engaged in the development of a series of
simulation monographs. WMOQ asked the CAB0 and TPE to give short courses in various developing
countries, on simulation of primary production of crops and natural pastures and the resulting carrying
capacity, using crop-, soil-, and agrometeorological data. Botswana was fortunate to be one of the
countries that benefitted from the roving seminars that took place, under the sponsorship of WMO.

A Crop Yield Simulation and Land Assessment Model for Botswana (CYSLAMB) has been
developed to serve the needs of land evaluation in a semi-arid environment. By modelling the
interaction of environmental variables, physiological responses, inputs and management, CYSLAMB
predicts the yield of a particular crop production system on a specified fand unit. The use of rainfall
data for individual years enables evaluation of inter-annual yield variability and the quantification of
risk in the specifications of the production system, the impact of such changes in yield can be
evaluated, and extension recommendations can be closely targeted. The model was produced by De
Wit, Tersteeg and Radclitfe {1993}, but it has not yet been put into operation.

A workshop on the prediction, detection, monitoring, early warning, impact assessment,
adaption and adjustment, planning and response was held in Pretoria, South Africa, by the Southern
African Regional Commission for the Conservaticn and Utilization of Soil {SARCCUS). Papers were
presented by several experts from within and outside the Southern African region. Different
agrometeorological techniques on the above mentioned aspects of drought were discussed and at the
end, the proceedings of the workshop were published under SARCCUS {1989).

Due to severe drought conditions that enguifed many parts of Region | during the past
two decades, Drought Monitoring Centres (DMCs) have been established in Nairobi, Kenya and in
Harare, Zimbabwe. DMCs are sub-regional climate diagnostic centres where all the information
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relating to drought in the sub-region is made available to all users. The centres are located in Nairobi,
Kenya {rmain one}, and in Harare, Zimbabwe. These cenires resulted from a WMO/UNDP project tor
Eastern and Southern African countries, initiated by 21 countries from the two sub-regions. The main
objective of these centres is 10 monitor drought and provide pragnostic advice to member countries.
Meteorological data bank in the centres is provided by Naticnal Meteorological Services in the sub-
regions. The centres closely collaborates with other weather and climate analysis centres, 1o capture
global weather phenomena that have been found to be responsible for anomalous climatic variations
in the sub-region. Currently the centres publish the foilowing:

{a) Monthly Drought Monitoring Bulletin, which contained:

{i} monthly and three monthly climatological summary and drought severity
indices of the sub-region;

(i) dominant synoptic systems and three months weather outiook for the sub-
region;

(il agrometeorological conditions and its impacts on the sub-region.

(b}  Ten day advisory bulletin, which contains:
{i} dekadal climatological summary and drought severity indices;
lil  dekadal agrometeorological conditions and its impacts;
{iy dekadal synoptic review and weather outlook for the sub-region.
(¢} Dekadal, monthly and three monthly actual meteorological data for the region.
3.4 EXAMPLES OF OPERATIONAL USE OF AGROMETEOROLOGICAL INPUTS
3.4.1 Drought monitoring system (Botswana Experience)
Drought monitoring system in Botswana is done at two levels, the technical level and the
policy level. The Early Warning Technical Committee (EWTC) operates at the technical level while the

Inter-ministerial Drought Committee (IMDC) is at a policy making level and advisory te the
government, The EWTC is multi-disciplinary and its members are:

- Ministry of Agriculture (Division of Crop production, Animal production, Division of
Agricuitural Planning and Statistics);

. Food Resources Department (assessment of food stocks, planning of food imports,
distribution of food in the country, etc.);

. Botswana Agricuitural Marking Board (buys, sells and stores grain produced inside
the country and from neighbouring countries};

. Central Transport Organization (controls the government fleet);

- Ministry of Health {Division of Nutrition) 1o assess the nutritional status of the
vulnerable groups;

. Department of Meteorological Services (Agrometeorolagical Section) 1o assess

drought conditions throughout the country, produce crop vield forecasts, produce
agrometeorological bulletin.

The committee is chaired hy Rural Development Division in the Ministry of Finance and
Development Planning. Reports from this meeting are then sent to the (IMDC) for further discussions
before recommendations are made to the Minister of Finance, and Cabinet.

The Inter Ministerial Drought Committee is composed of a larger number of members,
representing the ministries of Finance and Development planning, Health, Agriculture, Local
Government and Lands, Works Transport and Communications, Mineral Resources and Water Affairs.
The IMDC is less involved with the technical aspects of drought monitoring but more with the socio-
economic effects of drought, the planning and the supervision of the relief activities, identification
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and removal of bottle necks, co-ordination with multi and bilateral organizations, and donar
community.

3.4.2 The role of agrometeorological services in drought monitoring systems

The Department of Meteorological Services is responsible for the monitoring the impact
of weather on crops and grazing during the growing season. It also provides an estimate of the annual
crop yield to the Ministry of Agriculture before the end of the growing season, using weather and
climate information. Meteorological information, as the primary conditions of drought, are the earliest
indicators of a good or a bad season. The department provides ten day and monthly
agrometeorological bulletins, which contain rainfall amounts and its distribution, presented in tables,
maps and graphical formats. As rainfall alone is not sufficient to monitor drought, the bulletins are
based on the following analysis:

. total rainfall since the start of the rainfall season, calculated percentage departures
from normal rainfall, to give an indication if and where there are deficiencies.
Applies available statistical software (Instat},to produce graphs, maps and tables
that would better interpret the meteorologica! data at hand;

. daily rainfall distribution on ten day basis to determine the length of dry spells;

. monitors the soil moisture reserves before and after the assumed planting period,
in some selected agrometeorological stations, using neutron probe method.
Estimates the soil moisture reserves, throughout the country using of water baiance

models;
. calculation of rainfall probabilities for major rainfall stations in Botswana;
. caiculation of crop vield forecasts, using the FAQ water satisfaction index model;
. collects agricultural information from Ministry of Agriculture, needed to produce

crop vield forecasts. [planting dates, crop calendars, type of crops grown etc.);

. the Department has a Primary Data User System {PDUS) which receives data from
the Meteosat. The Cold Cloud Duration method is used to eventually estimate the
amount and distribution of rainfall in an area based on the threshold temperatures
that correlate with a certain amount of rainfall. Presently this facility only allows
us to follow rain-bearing clouds, not to estimate the amount of rainfall that has
fallen, as the ground truthing exercise has not been completed;

. the Department aiso periodically receives NDVI images from FAQ Rome, which are
further processed using available software {IDA) to provide lacally useful products,
that are able to periodically monitor vegetation status an the ground. However this
technique has not yet been fully developed.

3.4.3 Effectiveness of agrometeorological advice 10 policy makers and the farming community

Dissemination of agrometeorological information has been a difficult task in Botswana,
particularly to farmers at subsistence level. The agrometeorological advice on drought events has
been welcomed by most policy makers but further training needs to be done, so that they can fully
understand and interpret its meaning. A Nationai Committee for Agricultural Meteorology was formed
in 1984 with the aim of involving as many scientists as possible so that they take part in the
formulation of the advice provided. The terms of reference of the commitiee are as follows:

(a) To improve meteorological information and advice 1o agricultural policy makers,
research and extension workers and farmers for the benefit of increasing food
production;

(b} To identify the types of decisions in agricultural activities that should draw on
weather information and assess the future requirements;

cd To keep an inventory of the existing research projects and other projects that could
have results useful in the field of agrometeorology, to prepare an inventory of
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research results available in Botswana relating to agricultural problems as affected
by weather and climate;

(d) To discuss the "Monthly Agrometeorological Bulletin™ on its adequacy and
ralevance to the users, and make proposais for improvement;

(e}  To amrange presentation of research results to agrometeorology in the country and
promote exchange of technical bulletins or notes with other countries and review
new publications of interest;

if To promote training of weather/climate information for agricultural activities.

Agricultural Demonstrators are the closest agricultural officers to farmers. They are
responsible for the dissemnination of all technical infermation to farmers. in Botswana this i5 an area
where a lot more wark still needs 10 be done, so that farmers can fully benefit from the technical
information that is provided by institutions that develop them. More seminars and workshops need
to conducted for both the ADs and the farmers to improve the flow of data.

35 DESERTIFICATION
351 Literature review

in May 1974, the UN General Assembly’s resolution 3202 (iv) was recommended that
the international community should undertake concrete and speedy measures to arrest desertification
and assist the economic development of affected countries. Later on, on the 17th of December the
same year, the General Assembly decided by resolution 3337 {xxix}) to initiate concerted international
action to combat desertfication. The UN Conference on Desertification (UNCOD) followed {29 August
to 9 September 1977 in Nairobi, Kenya), where an effective and comprehensive programme was
drawn to study ways and means 1o combat desertification. United Nation Environment Programme
(UNEP) among other organizations played a leading role in this exercise.

UNEP has produced a "World Atlas of Desertification” {1992). The atlas is partitioned into
three sections, the global situation, the continental situation {Africa), and case studies from different
countries around the world.

The Executive Director of UNEP produced a report *Status of Desertification and
Implementation of the United Nations Plan of Action to Combat Desertification”, for a Governing
Council Third Special Session, Nairobi, February 1992. The report discusses the world status of
desertification, the United Nations Plan of Action to Combat Desertification (PACD), the policy
guidelines and course of action for combating desertification, and the financing of the PACD.

UNEP also produces Desertification Control Bulletins that cover the World Events in the
Control of Desertification, Restoration of Degraded Lands and Reforestation. The bulietins publish
papers, reports, research findings on desertification from all over the worid.

A UNEP project contracted ta the Office of Arid Lands Studies (OAS) under The University
of Arizona produced a World Desertification Bibliography in August 1991, which was a revision and
update of the previous volumes. The aim of the praoject was to increase the availability of ralevant
information on desertification control for decision makers, planners, and researchers/scientists, 10
increase the size of Desertification Control Programme Activity Center (DC/PAC's} database, and to
produce a hard copy for general distributicn.

There are papers presented to the Ad-Hoc Consultative Meeting on Assessment of Global
Desertification: Status and Methodologies (15-1 7 February 1990, UNEP, Nairobi, Kenya). The
proceedings were edited by R.S. Odingo. The papers discussed the definition of desertification,
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different methods of assessment of desertification, and development of new methods of assessment
and monitoring of desertification.

The eleventh session of the Commission for Climatology produced a report on Drought
and Desertification, by rapporteur Kerang Li and A, Makarau. Among other topics, the report
discussed monitoring, causes, prediction and management of drought, including response plans and
preparedness.

Climate Application Referral System-Desertification {CARS-DESERTIFICATION} is a project
of the World Climate Application Prograrnme (WCAP} to provide WMO Members with information on
proven ( tried and tested) methods of the application of meteorology, climatology and hydrology to
combat and control desertification. The CARS also covers fieids such as: food, energy, urbanization,
building, transportation, human biometeorology, tourism and recreation and ecanomic planning. The
field of desertification was later added during the ninth session of CAgM in 1986. One of the terms
of reference for this report is to make contributions towards CARS-FOOD, and CARS-
DESERTIFICATION. Unfortunately there are na new application methods developed on drought and
desertification that can be added to both fields.

3.5.2 Botswana Expetrience

Desertification exists in Botswana. lts major causes have been found to be anthropogenic,
although due to recent prolonged episodes of droughts in the region, natural causes may also be
responsible. It is however difficult to separate causes of desertification, since they are inter-
dependent. At times it is amazing how ecosystems in semi-arid zones, such as in Botswana recover
from devastating droughts, if there is no human interference. According to Hare {1987) "natural
ecosystems out live prolong drought with fittle or no change. Individual plants and animals die, but
the population to which they belong survive, even flourish, since drought eliminates aggression from
less hardy species. Xerophylic ecosystem are among the world’s most patient and stable systems”,
The anthropogenic causes af desertification, especially near large settlements or in areas that is
overstocked, are quiet evident in Botswana.

Botswana falls under the desert margin and the semi-arid zones, because of its high
population of livestock.and wildlif, coupled with poor farm m anagement practices. However the new
agriculturai policy has made plans 10 fence ail communal grazing areas in an attempt te control
carrying capacity and restrict unwarranted movement of livestock.

Population growth in peri-urban areas and large settlements (villages), results in more and
more demand for fuel wood. The outskirts of these areas end up being denuded of the marginal
vegetatian that existed. The government is introducing alternative fuel such as coal and use of gas
to replace wood.

Land use planning is conceived as a tool for sustainable use of land and therefore every
land use plan, should be accompanied by environment impact assessment analysis. Agricultural long-
term plans are now advised to incorporate the environment assessment analysis. The CYSLAMB
model was developed to serve the need of land evaluation in Botswana, and determine the potential
of an area before it is allocated for use.

Botswana has mainly sandy and shallow soils which are vuinerable to erosion once its
structure is disturbed by over-stocking, or exposure ta high intensity rainfall or direct sunlight, after
the removal of natural vegetation. The onset of rains in Botswana are characterized by high intensity
showers, that find most of the top soil unprotected {end of dry period), hence it is easily washed
away.

Combat of desertification in Botswana is still in its infancy stages. There is a National
Tree Planting Day, whan the whole nation is encouraged to plant trees. This has not succeedad
because a very small percentage of the trees that were planted survived, due to drought that engulfed
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that persistent over Southern Africa for the past decade. Since the major causes of desertification
are due to human activities, the first step to stop or slow down the process would be to educate
people and make them aware of the consequences of land degradation. This activity has already
started in parts of the country, where desertification has been identified.

The African Ministerial Conference on Environment {AMCEN} held in 1985, approved a
Cairo Plan of Action to have the UNEP's Desertification Control Programme Activity Centre (DC/PAC)
to formulate a project for the development of a regional plan of action for rangelands monitoring,
protection and rehabilitation in the Kalahari-Namibia affected areas. Under the assistance of UNEP,
Southern African Development Commission (SADC) a fully fledged project document. The Kalahari-
Namibia region includes most of Botswana, the Northeastern and eastern areas of Namibia,
Southeastern region of Angola, the western and southwestern part of Zambia, the western part of
Zimbabwe, and the Northern part of Republic of South Africa. The objectives of the project is:

, to achieve sustainable exploitation of natural resources in the Kalahari-Namibia
region;

¢ to stop man-induced land degradation and desertification processes;

. to improve the welfare of population in the area and thus contribute to break the

circle of poverty--> land degradation - --> increased poverty.

Preparation for the implementation of this project is underway, as soon as all the
necessary funds are cbtained.

A Summary of a Botswana Case Study for the United Nations Convention to Combat
Desartification is included in the appendix. The case study was conducted by The Department of
Environmental Science in the University of Botswana.

36 PROBLEMS AND RECOMMENDATIONS RELATING TO DROUGHT AND
DESERTIFICATION

A substantial amount of work has already been done on drought assessment and
monitoring. Most of the methods/models developed are already being successfully applied in many
countries affected by drought. However prediction of drought has proved to be difficult despite the
concerted efforts by several weather/climate analysis centres to produce drought predicting regional
and global models. There are Drought Monitoring Centres in most drought prone regions of the world.
These centres need to be strengthened so as to have the capacity and capability t0 give warnings and
long term drought predictions, to areas of their responsibiiities. This calls for adequate data banks and
computing power, trained personnel, fully equipped reference libraries and good communication with
the rest of the world, particularly with other weather/climate analysis centres. Regional observation
network, especially in Region 1, needs to be improved so that it provides all the necessary data to the
ragional centres.

Most countries that are affected by desertification have at least identified the problem,
and are aware of the causes, particularly those that are anthropogenic. Methods have been developed
to assess the rate of desertification. However most countries are unabie to successfully slow down,
stop, or reverse the processes of desertification. The United Nations Convention to Combat
Desertification has now been signed and affected countries are now awaiting policy guidelines, the
course of action and the means of financing National Action Plans.

Agrometeorology techniques, in most developing countries, particularly those seriously
affected by desertification, have not been fully applied to combat desertification. Agrometeorological
practices, such as agro-ecological, land and crop suitability maps, methods of soil moisture
conservation etc., when fully applied would contribute to the combat of desertification. National
desertification policies are important tools that governments can use to guide their nations on what
needs 1o be done to combat desertification. Education at all levels, to make all communities aware
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of the consequences of desertification should be seriously considerad because ignorance alsc plays
its part.

There are far reaching causes of desertification that are of a social and economic nature.
INCD have identified poverty to be one of the catalysts of desertification. Many poor nations in the
third world are forced into acts of land degradation for survival. Alternative inexpensive and
sustainable means of survival, have to be introduced to such communities, to avoid practices that
lead to desertification. For instance a very high percentage of the population in Botswana depend on
wood for fuel. The country has an abundance of coal which should be used basic fuel cooking. Coal
costs money, therefore poor households may not be able to afford it, when compared to cutting trees
for wood. The government of Botswana has embarked on a project to produce wood and coal
efficient simple stoves to cook basic food, so that less wood is used.
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3.8 APPENDIX - BACKGROUND ON CASE STUDY OF DESERTIFICATION CARRIED OUT IN
THE MID-BOTETI. BOTSWANA

This case study of desertification was carried out in the Mid-Boteti area in Botswana for
the Ministry of Agriculture, As Botswana’s contribution toward the preparation for an Inter-
governmental Convention on Desertification. The specific objectives of the study were:

(a) To determine the extent and the elements of desertification;
{b} To assess local perceptions about desertification and its conseguences;

{c) To involve the local population in assessing the desirability of abatement measures
and the options for alternative sources of income.

The study used the United Nations Conference on Environment and Development
(UNCED) definition for desertification: “land degradation in arid, semi-arid and dry sub-humid areas
resulting from various factors including climatic variations and human activities”. The study was
conducted by a multtidiscipfinary team from the Department of Environmentat Science, University of
Botswana. Research was carried out between July and October 1923.

The Ministry of Agriculture and the consultants agreed to conduct an in-depth study in
only one of the worst affected areas in the country, i.e. the Mid-Boteti region in Northwestern
Botswana.

Mid-Boteti is representative of the more remote parts of the country, but has the unique
feature of the Boteti river which flows during the dry season, fed by water originating from Angola
(via the Okavango). The area is also located in the country’s sandveld region which has low natural
productivity due to low rainfall and poor sandy soils. Nevertheless, human pressure is relatively high
as people have since historical times been attracted to the area because of the availability of surface
water and the absence of the tsetse fly. in recent decades,. human pressure has rapidly increased
and has caused increasing resource problems, particularly during droughts and in years when the river
does not flow, as has been the case during most of the last decade.

3.8.1 The extent of desertification

Desertification was found to occur at a significant scale in the study area. Symptoms
which occurred or increased since the 1970's include: large areas of bare soil, recently formed sand
dunes, the removal of up to 2-3 cm of the topsail through wind-erosion, changes in the composition
of vegetation, a high proportion of dead trees., a declining groundwater table and increasing salinity.
of wells, and a substantial reduction in wildlife numbers.

As regards the main agents of desertification, no evidence was found of desiccation {the
long term process of aridification). Alternating drought/wet climatic cycles and human factors were
found to be largely responsible for fand degradation. Within the scope of the study, it was impossible
1o verify in detail the contribution of each agent, but it is likely that the drought impacts are growing
more serious due to increasing human pressure. The impacts of the next drought may yet be more
severe, if nothing is done to curb the increasing human pressure. Similarly, it has not been possible
to measure the impact of desertification on resource productivity, but it can be reascnably inferred
that due to degradation the productivity of the area’s soils, flora and fauna is declining, leading to
increasing resource scarcity - view confirmed by the local population.

It must be noted, however, that desertification may take many different forms, and that
it does not occur everywhere throughout the study area. Particularly affected areas include the zone
along the river, areas around villages and around boreholes, where pressure tends to be relatively
high. Particularly important aspects of desertification in the mid-Boteati area include:
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{a)  The frequent flood failures of the Boteti river, which seriously affect fiood recession
cultivation as well as watering of livestock and wildlife;

{b} Vegetation changes on rangelands, atfecting the regrowth potential of trees and
veld-products {including veld-fioods);

{c) A decrease in the groundwater table, mostly affecting livestock and trees;

{dy Wind-erosion, which blows away the topsoil, exposing the underiying calcrete
layer, and reducing the soil fertility.

In order to survive in a harsh envircnment with recurrent droughts, people have
traditionally developed several adaptations such as:

{a) The practice of flood recession {or *molapo”) cultivation, which makes use of the
seasonal rive flow in an otherwise semi-arid environment;

(b} Combining molapo and dry-land cultivation to reduce the risk of outright crop
failure; with the same objective, farmers practise mixed cropping techniques;

(¢}  Mobile livestock managernent strategies, largely determined by available water
sSCurces;

(d) Replacement of cattie by goats during droughts;

(e} Engagement in a combination of agricuttural and non-agricultural activities to reduce
vulnerability to the large agricultural risks.

In'recent decades, however, many of these adaptations are becoming less feasible due
to population increase and changing conditions. Extra molapo land is no longer available, while
livestock mobility has been reduced by the demarcation of wildlife reserves.

3.8.2 The analysis of desertification

It is clearly showed the importance of both (interinational and area-specific factors in
understanding, on the one hand, the processes behind desertification and, on the other hand, the
possible solutions. The analysis also showed that different forms of desertification are linked. For
example, some people, in order to compensate for agricultural income losses due to desertification,
resort to the selling of wood and veld-products, thereby contributing to deforestation. In addition,
rangeland degradation was found to adversely affect the availability of veld-products such as
thatching grass and edible berries.

The analysis first focused on the causes and impacts of desertification. Subsequently,
solutions adopted by the local population were analysed, and additional solutions were considered.
The study revealed eight common causes of desertification:

{a)  Anincrease in human population with the associated increase in subsistence needs,
leading to increased numbers of cattle and goats, the expansion of cultivated land
and the increased collection of wood and veld-praducts;

{b)  The low income of the majority of the population which perpetuates their reliance
on “free” natural resources, bacause substitutes for fuelwood cannot be afforded
and extra inputs toward the improvement of resource managernent cannot be
purchased;
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{¢) Government programmes and policies which emphasize production increases
without due consideration of the local environmental conditions {e.g. agricultural
programmes) or are implemented without consultations with the local population
{such as Wildlife policies; which have alienated the local population in the study
areal;

(d)  Lack of resource management due to the fact that traditional authorities have lost
most of their responsibilities in this regard, while modern institutions are not yet
effectively involved in the management of local resources;

(e} Resource-use and land-use conflicts {e.g.: for the poor veld-products are an
important source of flood, but over-grazing tends to destroy veld-foods);

{f} Limited employment opportunities outside agriculture;

{g) Increasing commercialisation of respurce use, contributing especially to the
depletion of rangelands and wildlife resources;

(h)  Drought or short-term climatic changes, considered by the peaple as the most
important cause of desertification, atthough they do accept the infiuence of the
above mentioned human factors.

The impacts of desertification are substantia! in both socio-economic and physical terms.
People are most concerned with the former as desertification reduces their income and depresses their
living conditions. Some people manage 1o make up for the losses incurred through formal
employment, the sale of cattle or veld-products. However, the poor, who mostly depend on dry-land
cultivation, hunting wildlife and the collection of veld-products, have little to fall back on and are
hardest hit. Physical impacts include wind-erosion and loss of biodiversity. There are two interrelated
cycles that affect the long-term sustainability of the environment. Firstly, over utilisation of the
resources - as occurs today - adversely affects the productive potential of the environment. This
became evident from reports about declining wildlife numbers and reduced availability of veld-
products., Continued over exploitation will negatively affect the regenerative capacity of the
environment. Secondly, the position of the poor is crucial Poor people rely mast heavily on “free”
natural resources in the vicinity of the place of domicile - where depletion is usually most sefious -
as they cannot afford boreholes in remoter locations where rangelands are still in good condition. The
poor are thus disproportionately affected by the decline in productivity of the environment, and suffer
most income losses. As a result, they are often compelled to further increase resource pressure, for
exampie by collecting wood or veld-products for sale, potentially leading to a downward spiral of
increasing resource degradation.

The combination of both the physical and the socio-economic cyclical processes is at the
core of the desertification mode! presented in the main report. Current conditions of increasing
resource demand, a dwindling resource supply and absence of resource management, suggest that
the study area is experiencing these cyclical processes. Continuation of the trend will result in more
serious desertification and increased impoverishment of the population. Unless pecple adapt extremely
will and resource management drastically improves, the people in the study area, in particular the
poor, would find themselves trapped in the downward spiral.

3.8.3 Toward solution for desertification

In order to have workable solutions, it is imperative to know the views and secure the
active participation of the local population. Most local inhabitants blamed “drought” for much of the
resource degradation. However, they admitted that human factors contributed towards degradation.
However, they admitted that human factors contributed towards degradation, mostly as secondary
factors. The perception of the desertification process focuses very much on the direct causes and
impacts; underlying processes are more rarely identified.
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Whilst most people felt that the primary causes of desertification were of a physical
nature, the primary impacts were thought to be of a socio-economic nature, including: loss of income
opportunities and lowering of living standards. The higher educated have a better eye for the
complexity of desertification and mention more causes and impacts. Interestingly too, perceptions
are influenced by a person’s socio-economic position. For example with regard to the possibility for
expansion of cultivation and livestack holdings, the poor were quite pessimistic, probably because
they have a limited radius of access 1o resources. The rich were also fairly pessimistic, possibly in
defence of their contral over the remoter areas, while the middle-income group was most optimistic,
possibly reflecting their desire to expand cultivation and livestock holdings. A final striking feature of
the perception is people’s apathy towards the problems and possible solutions and their dependence
on government assistance. On the one hand, this reflects the fact that people “wait for the return of
the rains”. On the other hand, it refiects the fact that peopie have become accustomed 1o relying on
government assistance rather than trying to jointly solve the problems themselves. It must b noted,
however, that local consultations yielded a wide variety of suggestions for solutions, which deserve
further follow-up.

In the study area, measures to solve desertification must be aimed mainly at correction
and prevention. It is believed that most of the environment still possesses sufficient reliance to
recover once the main causes of desertification have been removed. However, it will take time before
solutions will be implemented and yield results. Therefore, they must take into account expected
future development, both general and area specific factors. General future developrments with an
impact on desertification are likely to be:

{a) Continued high population growth with increasing subsistence resources;
{b) Increasing commercial pressure on natural resources;

{c)  Stagnation in the growth of non-agricultural employment, putting more pressure on
rural resources;

{d}  Rapid urbanisation and population concentration into large villages, putting more
pressure on resources around large settlements;

{e) Increasing influence of government policies, and pressure to improve natural
resource management through the National Conservation Strategy and the relevant
sectoral policies such as those in agriculture.

Area-spacific issues include:

(a) Increasing accessibility through improvements in infrastructure, opening up new
development opportunities;

{by A decline of natural capital, especially wildlife and groundwater and possibly
surface water, depending on possible upstream water-works development;

(c) The future role of Orape which is currently a closed town, in the integration into
the region’s economy.

Suggested solutions must aiso take into account the coping strategies, already locally
employed. Recent technological and economic development have opened various new coping
strategies in addition to existing ones. Some of the more important are:

{a) Borehale-dependent expansion of cattle ranching away from the river {only feasible
for the rich);

{b) Expansion of arable farming, mainly on dry-land;



{c)

(d}

(e)

{t)
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Improved income opportunities outside the agricultural sector, which led to large
scale out-migration (and remittances) and reduced the population growth in the
area to 1.6% in the 1980's which is well below the rural average;

An apparently permanent switch from cattle to goats by the poor and middle-
income groups;

Increased commercial harvesting and sale of veld-products and wood;

Some intensification of resource use (e.g. supplementary feeding of animals,
disease control, small-scale irrigation along the river).

Dne major coping strategy which was important in the past no longer works taday, i.e.
expansion of the resource base (viz.{a} and (b) above). The study area is now virtually fully used:
livestock production has reached the boundaries of the Game Reserves.

384 Suggestions and recommendations

{a)

(b}

(c)

There is a need for government policies {especially those dealing with agriculture
wildlife) to be made more relevant to the local environmental and socio-economic
conditions; they should be flexible enough to be relevant both to sandveld and
hardveld conditions, and provide support for molapo farming, while in addition,
livestock policies should pravide more support for goat rearing;

There is an urgent need to fill the resocurce management vacuum with respect to
all natural resources, but particularly with respect te veld-products and wood;
pressing management questions include:

i) what is the best type of resource use (in terms of comparative advantages)
for the local communities?
{il  how can the increasing number of resource conflicts be resolved; is zoning
~ an alternative?
{iif  how can multiple resource use be encouraged?

Strengthening of resource management must invoive the local authorities and
communities; organisational issues to be addressed include:

{i the decentralisation of certain resource management responsibilities to the
local level; the suggestion is made to involve the population regularly in
monitoring of resource issues and to discuss solutions;

(il the mobilisation of peopie’s involvement in resource management; this
implies that they should perceive and reap some benefits, for exarmple in the
faollowing ways:

« a return of environmental revenues such as those from the Wildlife
Reserves to the local level to be spent on local resource management and
development projects;

+ the establishment of a iocally managed revolving fund for local resource
management projects;

» provide employment and income opportunities for local people: this could
be employment of local game wardens, but also employment resulting
from the establishment of a natural resource based industry or service
sector (for example in ecotourism);
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(d) There is a need to raise enviranmental awareness among the local population,
particularly regarding locally implementable solutions; local environmental issues
should be integrated intc the school curriculum and jocal schools could be invalved
in the monitoring of local resource changes, while existing or expanded community
literacy programmes could incorparate environmental education;

le} There is an urgent need to systematically monitor resource and environmental
trends, especially because Botswana relies heavily on renewable and non-
renewable natural resources.

Since poverty is both a cause and an impact of desertification, poverty alieviation must
remain a major priotity in efforts to combat desertification and to sustain the local resource base. To
succeed in this it is necessary that the local population, especially the poor, have adequate access
to and control over local resources {inciuding land, water and wildlife} and that they participate in
policy making for resource management. One important recommendation is therefore that a revolving
fund be established for the funding of small scale lacal, environmentally friendly, develuopment
projects, to be administered by a local institution subject to community control.

Poverty is still widespread in rural areas despite the rapid economic growth in Botswana.
Poverty greatly restricts people’s coping strategies against drought and desertification. An important
role in poverty eradication must be played by the promotion of employment opportunities, both formali
and informal.

Specific programmes for the combatting of desertification and poverty which might be
considered {pending detailed investigation) for the study area and other similar areas in Botswana,
include:

(a}  Non-agricultural employment creation, e.g. through:

(i  community based ecotourism projects;

(il  small scale mining projects for industrial minerals;
{iiiy  fish farming projects;

{iv) community based wildlife management schemes;

(b)  Agricultural income improvement, e.g. through:

(i  forestry and agro-forestry projects;

{ii) small scale irrigation and horticulture projects;

{iil game farming projects;

(ivi bee-keeping projects;

(vi projects for harvesting and marketing river and veld-projects;
{vi) pasture grass farming projects;

(vii) dry-land crop farming projects;

{c) Land conservation programmes, including e.g.:

{i) small scale sand dune stabilisation projects;
il  planting of wind-breaks around villages.

Institutional arrangements are of crucial importance for a coordinated approach to the
desertification problem. It is recommended that on the government side the coordinating institution
would be the NCS agency. It is further recommended that the activities of the various line ministries
be integrated into a land-use zoning plan. As emphasized before, it is further critical that the local
population and Jocal institutions are involved in preparing and implementing projects. In addition, some
aspects of monitaring can also be effected at the local level.
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CHAPTER 4

I'NTERACTIONS OF DESERTIFICATION AND CLIMATE: AN OVERVIEW
by T. Darnhofer

4.1 INTRODUCTICN

Desertification is now a direct threat to over 250 million people around the world, and
an indirect threat to a further 750 miliion people. In the last 25 years, desertification has become
increasingly apparent in the dry sub-humid regions of the world, where mean annual rainfall ranges
from 750 to 1500 mm, and where the majority of the human inhabitants of the drylands now live.

Current best estimates suggest the raughly 70% of all agricultural used drylands are 10
some degree degraded, especially in terms of their soils and plant cover (UNEP 1992 a.b.). The total
area concerned is 3.5 billion hectares, and over a hundred countries are now suffering from the
adverse social and economic impact of drytand degradation (Table 4.1).

Table 4.1 - Extent and severity of dryland soil degradation, grouped by continent, {miilions of
hectares) (adapted from UNEP 1992 b.)

' %
Region Aridity zone Light and Strong Total Total
moderate and dryland
extreme area
Africa Dry sub-humid 25.2 12.1 37.3 0.7
Semi-arid 69.9 39.6 109.5 2.1
Arid 1560.2 22.3 172.5 3.3
Asia Dry sub-humid 70.6 7.7 78.3 1.5
Semi-arid 124.2 17.2 141.4 2.7
Arid 131.9 18.8 150.7 2.9
Australia Dry sub-humid 4.2 0.6 4.8 0.1
Semi-arid 32.9 1.0 33.9 0.7
Arid 48.9 0.0 48.9 0.9
Europe Dry sub-hurmnid 59.0 2.3 61.3 1.2
Semi-arid 30.8 2.6 334 0.6
Arid- 4.8 0.0 4.8 0.1 |
North America Dry sub-humid 15.0 3.2 18.2 0.4
. Semi-arid 50.9 2.3 53.2 1.0
Arid 6.3 1.6 7.9 0.2
South America Dry sub-humid 21.4 2.3 23.7 0.5
Semi-arid 43.9 4.0 47.9 0.8
Arid 7.5 0.0 7.5 0.1
Total {5,200) B97.6 133.7 1035.2
Total dryland area 17.3 2.6 19.9 “
{5.2 billion hectares) _
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In the 1992 UN Conference on Environment and Development held in Rio de Janeiro,
desertification was formally defined as “land degradation in arid, semi-arid and dry sub-hurmid areas
resulting from various factors including climatic variations and human activities”. The term “drylands”
as used in this report includes the arid, semi-arid and dry sub-humid regions of the world, but excludes
the hyper-arid regions such as the Atacama and Sahara Deserts, where very low rainfall and very high
rates of potential evaporation restrict plant growth to a minimum and preclude other than transient
or extremely sparse and localised occupation.

Manifestations of desertification include accelerated soil erosion by wind and water,
increasing salinisation of soils and near-surface groundwater supplies, a reduction in soil moisture
retention, an increase in surface runoff and streamflow variability, a reduction in species diversity and
plant biomass, and a reduction in the averall productivity in dryland ecosystems. Additional impacts
include an increase in particulate and trace gas emissions from biomass burning in drylands and an
increase in atmospheric dust loads. A combination of climatic stress and dryland degradation can lead
in turn to extreme social disruption, migrations and famine.

This paper is a very brief summary of a much longer report on interactions of
desertification and climate prepared for WMO and the United Nations Environment Programme (UNEP}
(Williams and Balling, 1994}. The aim of this report is to evaluate the interactions of desertification
and climate. In seeking to understand and quantify the interaction between desertification and
climate, the single biggest impediment is the dearth of accurate data on the current extent, status
and trends of desertification. There is an urgent need to improve and expand existing efforts to
establish accurate baseline data relating to dryland degradation using consistent and uniform methods
and criteria.

Despite the variable quality of much of the data relating to the severity and distribution
of desertification, sufficient semi-quantitative information now exists to allow us to identify the
impact of human actions on the surface characteristics and atmospheric composition of various
dryland regions.

These human-induced changes in the dryland areas have a significant influence on the
energy balance of both the surface and atmosphere of the earth. For example, any change in surface
albedo will affect the amount of solar radiation absorbed by the surface. Similarly, changes in soil
moisture levels will determine the portion of energy that is used in evaporation and transpiration
processes, which in turn affects the amount of energy used to heat the ground or air. Changes in
surface roughness alter near-surface wind speeds and turbulence levels, and thereby influence
evapotranspiration rates. Similarly, changes in atmospheric composition directly affect the earth-
atmosphere exchanges of shortwave and longwave radiant energy which influences the atmosphere’s
temperature structure, vertical stability and propensity to precipitate.

Both climate and desertification interact at a variety of scales through a complex and still
only partially understood sefies of feedback loops (Figure 4.1) For clarity and simplicity, we first
consider how climate influences some of the processes leading to desertification. We then consider
how desertification processes may in turn influence locat and regional climate, before turning to the
much more imponderable question of the role of desertification in global climatic change. We conclude
with a few key recommendations.

4.2 IMPACT OF CLIMATE ON DESERTIFICATION

Climate has an important but often subtle influence on desertification processes through
its impact on dryland soils and vegetation, on the hydrological cycle in dryland, and, ultimately, on
human land use in that 40% of the land area of the globe classified as “drylands” (UNDP 1992 a.b.}.

Untlike the organically rich soils of more humid regions, dryland soils often have a low
organic matter content and are frequently saline anfor alkaline. As such, they are often highly
susceptible to accelerate erosion by wind and water (Table 4.2).
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Table 4.2 - Dryland soil groups (FAQ, 1991) and desertificaﬁon status {compiled by M.A.J.
William based on the author’s field observations in Africa, Asia and Australia).

e = e m——— ]
Parent material Soil group Natural erosion status | Desertification
hazards
Fresh or weathered Cambisols Al AZ, B1
Reck Leptosols A1 A2
Regosols Al A2
Weathered Rock : Farrasols A1, B1 A2
Limestone Calcisols Al A2
Sand Sheets Arenosols Cc1 A1,B1, C3
Alluvium Fluvisols A1, Bl A2, B1, D3
Luvisols A1, Bl A2,B2,C2,D3
Clays Vertisols A1, Bl B2, D2
Sands over Clays Planosols A1, B1 A2, B3, C1,D2
Clays, Silts, Sands Solonchaks A2, B1, D1 A2. B2, D3
L Solonetz AZ, Bl A3, B3, D3

A: sheet erosion, B: gully erosion, C: wind erosion, D: salinisation
1: minor, 2: moderate, 3: severe

This table is an attempt to summarize a plethora of fieid observations relating to the
actual and potential vulnerability of the various dryland soils to water erosion, deflation and
salinisation. it does not take into account current management practices and is no more than a
qualitative and tentative guide to potential desertification hazards.

With the increasing use of Geographical information Systems (GIS} and satellite imagery,
there is now a better appreciation of seasonal changes in dryland plant cover in response to rainfall
variability and biomass burning. Although climate exerts a strong influence over dryland vegetation
type, biomass and diversity {Le Houérou and Hoske 1977; Nicholson ef a/. 1990; Tucker et &/, 1991),
this may be moderated by locat or regional factors such as soil type, lithclogy, relief and aspect
(Shmida 1985).

Long seen as having an adverse impact on ecosystem functioning and resilience,
environmental disturbances is now considered to play an important role in maintaining the diversity
and adaptability of many tropical and dryland ecosystems. However, the magnitude and frequency
of the disturbance, and the temporal and spatial scale at which it is operating, need to be clearly
identified {Delcourt and Delcourt 1992). Much of the confusion over the ability of dryland ecosystems
to cope with climate variability and periodic droughts and floods arises from an initial failure to specify
the appropriate scale in both time and space at which the ecosystems in question are being
considered.

Dryland ecosystems have a variety of strategies for coping with low erratic rainfall, high
temperatures, poor and sometimes saline soils, and periodic or seasonal climatic extremes {Crawford
1989). There is a higher degree of resilience in dryland ecosystems to periodic floods and droughts
than is sometimes appreciated, and this is true on both plants and animals {Stafford-Smith and Morton
1990). Interannual variations in biomass are a natural response to rainfall variability. These should not
be confused with the impact of human-induced desertification processes.
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Both field observations and remote sensing data have confirmed very large spatial
variations in dryland plant density and biomass, as well as equally important temporal fluctuations in
biomass in response to seasonal and interannual fluctuations in rainfall (Tucker et a/. 1985,1991;
Nicholson et a/. 1990). This variations in time and space of dryland plant cover is well known to
pastoralists in these regions, and is one dryland plant response to the limiting factors of water and
soil nutrients (Noy-Meir 1973; Westoby 1980; Kassas and Batanouny 1284; Noor 1289; Rao et al.
1989; Staffard-Smith and Morton 1990; Lange and Fatched 19890).

A preliminary study by Dregne and Tucker (1988) used satellite NOAA AVHRR satellite
imagery to monitor changes in vegetation along the semi-arid margins of the Sahara in relation to
variations in annual rainfall. Later work by Tucker et a/. {1991} confirmed the earlier findings and
demonstrated the highly elastic response of vegetation cover to growing-season rainfall, with the
desert margin vegetation cover expanding or contracting from year to year depending on the annual
variations in rainfall.

Between 1980 and 1990, the southern limit of the 200 mm annual rainfall boundary
(arbitrarily taken to define the southern limit of the Sahara) fluctuated considerably [Figure 4.2), and
showed significant differences between different regions on a longitudinal basis, some areas showing
a high degree of variability and others very little. The rainfall boundary was based on average
vegetation index values which were inferred from satellite spectral data in the red and near-infrared
wavelength bands, that together provide a measure of total primary production when averaged over
the growing season.

in 1984, which was the driest year this century in the Sahe!, this “Normalised Difference
Vegetation Index” (NDVI), which shows a statistically significant linear relation to mean annual
rainfall, had the lowest value of the decade, and the Sahel/Sahara boundary was even further south
than in previous years. During the dry years 1980 to 1984, the inferred 200 mm isohyet moved
240 km to the south, averaging a 60 km southward shift per year. During the next two years {1984
to 1986) the desert retreated north, 110 km on average from 1984 to 1985, and a further 33 km
from 1983 to 1986. The overall conclusion of Tucker et a/. {1991) was that a study extending aver
decades would be required to determine whether there was any long-term expansion or contraction
of the Sahara.

4.3 IMPACT OF DESERTIFICATION ON CLIMATE

After this brief overview of the ways in which climate may influence desertification
hazards through its impact on dryland hydrology, soils and plant cover, we now consider how
desertification processes may in turn have an influence on climate.

Human activities are known to have substantial impacts on the surface characteristics
and atmospheric composition in dryland regions. These human-induced changes in dryland areas have
a significant influence on the energy balance of both the surface and atmosphere. Changes in albedo,
surface roughness, soil moisture and particulate load in the atmosphere perturb the background
surface-atmospheric energy and moisture exchanges. Following the publication of work by Charney
et al. (1975), building on more local work by Otterman (1974), atmospheric scientists intensified
their efforts to understand the impacts of these changes on local and regional climate conditions.
Despite the construction of complex numerical models to investigate the underlying processes that
drive the climate response to human activities in dryland and measurements made in numerous field
experiments, many fundamental questions remain {Table 4.3). In some areas, desertification seems
to lead to atmospheric cooling while in other areas, desertification leads to atmaospheric warming and
increased potential evapotranspiration. Linkages to rainfall changes are even more complex, and the
impact of human activities on rainfall amounts remains a topic of considerable debate.
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Biomass burning is common practice in the tropics and sub-tropics, and dryland fires are
significant sources of atmospheric aerosols and tract gas emissions. Savannah burning contributes
significantly to global emissions of soot, as well as nitrogen, carbon and ozane. It is difficult to
distinguish the net contribution of dryland fires to atmospheric particulate and trace gases. Total
smoke emissions from tropical biomass burning are estimated to range between 25 to nearly 80 x
10™gfyr, which is comparable to estimated smoke emissions produced by fossil fuel burning (22.5
to 24 x 10"g/yr). Ozone from global biomass burning furnishes 38% of all tropaspheric ozone. During
burning, nearly half of all nitrogen in the biomass is released as N, causing a major loss of fixed
nitrogen in tropical ecosystems amounting to 10 to 20 x 10%2g/yr.

While few figures exist for the contribution of emissions from burning of dryland
specifically, estimates of carbon and nitrogen emitted frorm Savannah burning are that this source
contributes 30% and 20%, respectively {Crutzen and Andreae,1990). Given that total biomass
burning contributes about 40% of gross emissions from all sources (Crutzen and Andreae, 1990;
Cachier, 1992), the contribution from dryland burning is conservatively estimated to be around 10%.

Arid and semi-arid regions are widely recognised as sources for crustal-derived aerosols
(dust) that are transported by the atmosphere. The impact of atmospheric dust on the surface and
atmospheric energy balance is complex, and is related to its size distribution, source strength,
deposition rate, extinction, scattering, absorption, single scattering albedo, asymmetry factor and
optical depth of the dust (Carlson and Benjamin, 1980; d'Almeida, 1989). Warming generally occurs
in the dust layer and cooling generally occurs beneath them near the surface {atmospheric heating
rates can be 2°C per day while the surface cooling rates can be 10 to 15+ C per day). The major
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change to the surface energy balance is a substantial decrease in incoming shortwave solar radiation
in the presence of an absorbing dust layer. An important secondary change is the stabilisation of the
atmosphere that occurs when dust differentially warms a layer of the atmosphere at the expense of
near-surface coaling.

Table 4.3 - Schematic presentation of the underlying assumptians, testable conclusions and
modet! results in the various biogeophysical feedback models of the Sahel drought
proposed by Charney {1975) and Charney er a/. (1975, 1977).

1 Overgrazing reduces vegetation cover

Reduced plant cover increased albedo

Increased albedo decreases net radiation

Decreased surface net radiation results in surface cooling

Surface cooling promotes subsidence of air aloft

Subsidence decreases convection and cloud formation

il Reduced convectional instability leads to less precipitation

W |N ||| AW N

Additional drying in the Sahel region leads to regional climatic desertification which
positively feeds back to 1

9 Atmospheric general circulation models show that an albedo increase from 14% to
35% north of the Intertropical Convergence Zone (ITCZ) results in a southward shift of
a few degrees in the ITCZ

10 Rainfall in the Sahel region is thus decreased in the modei by 40% during the rainy
5eason

Many investigators have found that the overwhelming effect of desertification on the
surface and atmospheric energy balance comes from disruptions to the hydrological cycle. In many
cases, removal of vegetation leads to increased runoff and potential evapotranspiration rates due to
higher surface and near-surface termnperatures, higher near-surface wind speeds and lower near-
surface atmospheric moisture levels. The increased in runoff and evapotranspiration rates then leads
directly to a decrease in soil moisture and a rapid decrease in amount of energy used to evaporate .
or transpire water into the atmosphere. When less energy is consumed in the latent heat term, LE,
of the energy balance equation, more energy is available for heating the ground, G, or heating the air,
H. The Bowen ratio, defined as H/LE, typically increases in areas where desertification is occurring
(see Bryant et a/., 1990). These changes to the energy balance associated with modifications to the
hydrological cycle, in many cases dwarf the effects associated with albedo, surface roughness and
dust in the atmosphere. Phillips (1993) summarised this by suggesting that soil moisture levels in
drylands are directly related to vegetation cover, precipitation and water erosion, and negatively
related to albedo, temperature and aeolian erosion.

Human-induced changes in dryland surface conditions and atmospheric composition can
certainly have an impact on local and regional climate conditions in that they directly affect the
energy budget of the surface and the atmospheric column. These changes to the energy balance have
been simulated in many numerical modelling studies and they have been directly measured in a variety
of empirical experiments.

Given the many complexities involved {e.q., hydrological considerations, background
climate and surface conditions), perturbations to the energy balance may affect near-surface and
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surface temperatures in many different ways. Numaerical modelling studies and empirical
measurements have shown both warming and cocling in areas that have been undergoing
desertification. Hydrological considerations are critically important in determining the magnitude and
sign of the temperature response.

These somewhat conflicting results point to significant gaps in our understanding of the
physical pracesses involved in climate-desertification interactions, and only limited accuracy can be
obtained in translating perturbations in the energy balance of dryland regions directly into local or
regional temperature or precipitation consequences at this time. Numerical models are improving each
year, but they remain relatively unrealistic on their abilities to simulate the perturbations occurring in
drylands and to simulate regional climate in general.

The influence of human activities on surface and near-surface air temperatures in drylands
has been clearly identified in a variety of experiments. However, human influence on local and
regional precipitation levels has been more difficult to identify. The large variability in dryland
precipitation in time and space complicates the search for a clear signal that could be related to
surface changes. Circumstantial evidence suggests that increasing vegetation can enhance
precipitation in drylands, while decreasing vegetative cover can reduce local precipitation levels.

44 DESERTIFICATION AND GLOBAL CLIMATIC CHANGE

First, recent warming has dominated the dryland areas. The western of the USA,
American, southern African and Australian dryland regions all show pronounced warming in this
century. Warming has also occurred in the eastern portions of the Middle East and western sections
of the Asia Desert region described earlier. However, a region of cooling this century is centred in the
Asian deserts.

Most drylands show no statistically significant changes in precipitation levels. There is
a tendency for wetter conditions both in the southwestern deserts of North America and the western
deserts of Australia. However, by far the most pronounced change in precipitation levels in any of
the dryland areas is seen in the Sahelian region. Here, precipitation levels have dropped sharply since
the mid 1950s and the decrease in precipitation has contributed to enormous human and economic
loss in the region {Glantz, 1987; Le Houérou, 1989). Recognising the need to understand the causes
of the observed decline in Sahelian rainfall, climatologists have proposed many causal mechanism that
may be associated with the downward trend in rainfall. Interrelated changes in sea-surface
temperatures (including linkages to El Nifio/Southern Oscillation events), land-surface conditions,
general atmaspheric circulation pattern and atmospheric concentrations of various greenhouse gases
have all been proposed to explain at least some of the variance in the observed regional precipitation
levels {Ayoade, 1977; Druyan, 1989; Nicholson, 1989: Lam and Peppler, 1991). Nonetheless, models
with elevated atmospheric concentrations of various greenhouse gases predict less precipitation in
this area, and the observational record is broadly consistent with prediction. However, just as the
connection between temperature patterns and greenhouse gas buildup was complicated by many
factors, the connection with regional precipitation patterns is equally difficult to establish.

Many factors influence global and regional climates. However, when considering likely
climate changes over the next century, many climatologists believe that the climate forcing
associated with the buildup of greenhouse gases will become detectable and substantial. Proposed
increases in greenhouse gas concentrations are expected to force global temperatures to rise between
1°C and 5°C over the next century.

The role of drylands in contributing to buildup of greenhouse gases is difficult to assess,
but drylands will probably contribute between 5 to 10% of the overall greenhouse gas buildup.
Degradation of drylands contributes a small (probably <5%)}, but not inconsequential, amount to this
greenhouse gas forcing. While these values may seem small at the global scale, they are significant
at the regional or national scale. Many dryland countries have relatively small anthropogenic emissions
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of carbon dioxide. In these cases, their net contribution to the glabal flux of carbon dioxide could be
stabilised by rehabilitating the vegetation of their drylands.

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 mode! 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 mode! to model and region 10
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 drylands, and in the absence of any large increases in
precipitation, many drylands are accordingly predicted to become more arid in the next century.

During the past century, the equivalent carbon dioxide of the global atmosphere has
increased by approximately 40%. The observed temperature and aridity trends in many dryland areas
are consistent with numerical simulations of climate responses 1o increasing atmospheric
concentrations of greenhouse gases.

4.5 CONCLUSIONS AND RECOMMENDATIONS

In our report we have attempted a preliminary evaluation of the interactions between
desertification and climate on a global and regional scale, taking dur account of local factors and
influences. In our view, the single biggest impediment to guantifying the interactions between
desertification and climate stems from the variable quality of the data relating to the extent, severity
and trends of the various forms of dryland degradation collectively contained within the general term
desertification. There is a particular and increasingly urgent need for unifarm and objective methods
of data collection relating to the characteristics and status of dryland ecosystems, soils, water
resources, salinity and micro-climates, and for the evaluation and dissemination of such data on an
integrated basis.

Although there are some excellent monitoring networks atready in existence in different
dryland regions, there is a very real need for the strengthening of existing centres and for the
establishment of a more extensive international monitoring network with personnel equipped and
trained to cullect base-line data relevant to all aspects of desertification. This infrastructure would
support regional analyses and the consequent detection of any long-trends and their causes.

Notwithstanding the variable and the often poor guality of much of the primary
observational data relating to the extent and severity of desertification processes, a range of well-
defined human impacts on the surface characteristics and atmospheric composition of various dryland
regions can now be clearly identified.

The more visible manifestation of desertification include:

{a) Accelorated soil erosion by wind and water;

{b}  Salt accumulation in the surface horizons of dryland soils;

(c) A decline in soil structural stability with an attendant increase in surface crusting
and surface runoff and a concomitant reduction in soil infiltration capacity and soit
moisture storage;

(d) Replacement of forest or woodland by secondary savannah grassland or scrub;

()  Anincrease in the tlow variability of dryiand rivers and streams;
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{f) An increase in the salt content of previously freshwater lakes, wetlands and rivers;
and

{g)  An averall reduction in species diversity and plant biomass in dryland ecosystems.

Not all of these processes are caused solely by human activities; short-term climatic
variability, longer term climatic desiccation, and occasional very severe floods and droughts all play
an important role. Furthermore, the diverse processes of dryland degradation are not all active at the
same time and in the same place. For that reason, when attempting to quantify the causes and
consequences of desertification it is crucial to specify which process is operating, over what area,
and over what timespan. As yet, our knowledge of the magnitude and frequency of such ubiquitous
processes as wind and water erosion in drylands is still very patchy and, for some regions, is
altogether deficient.

Dryland ecosystems are highly responsive to climatic variability. Plant biomass and
ecosystemn complexity are a function of precipitation, temperature, soil physical and chemical
properties and cumulative solar radiation. The sparser the plant cover, the more vulnerable the topsoil
to detachment and remaoval by raindrop impact, surface runoff and wind.

Dryland precipitation is innately variable, as is the consequent dryland runoff. The
coefficient of surface runoff or overland flow is often higher in drylands than in more humid regions
owing to the tendency of dryland sils to form impermeable surfa ce crusts under the impact of locally
intense rainstorms and in the absence of significant surface plant litter and protective vegetation
cover. in these circumstances, scil movement may be an order of magnitude greater per unit
momentum of falling raindrops than when the soil surface is well vegetated. This effect is particularly
evident in the seasonally wet tropical drylands and at onset of the rainy season, and may be
aggravated by human disturbance or removal of the protective vegetation cover during the wet
season, or by the planting or row crops onto bare soil.

Dryland rivers have extremely variabie flow regimes, and both river discharge and
sediment yield are highly sensitive to fluctuations in precipitation as well as to any changes in the
vegetation cover in their catchment headwaters. Deforestation of the headwaters of dryland rivers
can increase sediment load, and may lead to a sometimes dramatic change from a sinuous suspension
load river carrying a dominant load of clay and silt to a less stable, more seasonal, much coarser
bedload river characterised by a rapidly shifting set of braided channels in its downstream and
aggrading reaches.

Relatively slight interannual variations in sea-surface temperature leading to periodic
floods and droughts reflected in ENSO events tend to be amplified in dryland rivers. As a result of the
innately more variable flow regime of dryland rivers, management practices appropriate in more humid
catchments may be inapplicable in the drylands. Attempts to manage dryland rivers as if they were
fully comparable to their humid temperature counterparts may have an adverse impact on arid, semi-
arid and sub-humid freshwater ecosystems. The aquatic biota in dryland steams and wetlands show
a wide range of behavioural and physiclogical adaptations to the “floods and droughts” flow regime
characteristic of dryland drainage systems. Artificial modification of the flow regime may negate the
survival value of such adaptations.

Human land use in drylands, whether involving rangeland pastures, rainfed agriculture or
irrigation agriculture, reflects a variety of adaptive strategies designed to cope with large temporal
and spatial fluctuations in precipitation, soil moisture and plant productivity. Large interannual
variations in dryland biomass are an integral effect of dryland climatic variability as exemplified in the
West African Sahel.

The resilience of dryland ecosystems to innate climatic variability is becoming better
understood, but we still lack an adequate understanding of the thresholds of different ecosystems ta
regional deficits in soil moisture and to temperature extremes and salinity. We also lack adequate
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information about the role of disturbance in the maintenance of long-term ecosystem viability, and
the environmental thresholds above which dryland ecosystems can no longer retain their ability to
cope with external stress. It is for these reasons that desertification is best defined as drytand
degradation caused by both climatic variability and human activities. In practice, there will be many
instances when the relative role of climate and humans in bringing about desertification remains
equivocal, especially in rangelands and the more arid regions of the world. In the cas of salinisation
caused by faulty irrigation practices, the role of human activities for outweighs that of climatic
variabitity.

Successful ecological restoration of degraded drylands is already in progress in certain
parts of the world, and the lessons learnt from these examples of successful dryland management
could be usefully applied elsewhere. Any measures designed to prevent or mitigate dryland
degradation mus be both short and long term. The first prerequisite for any successful amelioration
project is an accurate diagnosis of the problem, followed by careful identification of the physical and
human causes of degradation.

Short-term remedial programmes for dealing with immediate problems such as soil
erosion, salinisation or famine are designed to alleviate their more immediate manifestations. Of far
greater uitimate value are longer term strategies which aim to attack the root causes underlying
dryland degradation. Such long-term strategies must fulfil four main requirements:

{a) Any community action must be suited to the ability of the people directly affected
by the degradation to finance and carry out appropriate conservation and '
restoration programmes, which often presupposes the use of relatively inexpensive,
simple and appropriate tocal technologies; |

(b}  The nature of the degradation processes concerned must be thoroughly understood,
the problems clearly diagnosed, and carefui initial assessment made of the most
suitable options for prevention and rehabilitation. It is no solution 10 resolve one
degradation problem by crating new problems, such as widespread salinisation
caused by irrigated shelter belts designed to stabiiise sand movement;

(c) Long-term ecological sustainability must be paramount. Short-term considerations
based solely on narrowly defined economic criteria will seldom be useful in treating
the ultimate causes of dryland degradation in that they only treat the symptoms;

(d}  The maintenance of soil quality is essential. If the soils becomes degraded so too
will the dryland ecosystems. The ultimate viability of all dryland human
communities depends ultimately on the quality of the soils water resources which
sustain the plants and animals upon which they depend.

4.6 REFERENCES

Ayoade, J.0. {1977). Perspective on the recent drought in the Sudano-Sahelian region of West Africa,
with particutar reference to Nigeria. Archiv fir Meteorologie, Geophysik und Bioclimatologie
(Series B} 25, 67-77.

Bryant, N.A., Johnson, L.F., Brazel, A.J., Balling, R.L., Hutchinson, C.F. and Beck, L.R. {1990).
Measuring the effect of overgrazing in the Sonoran Desert. Climatic Change 17, 243-264.

Cachier, H. {1992). Biomass burning sources. In: W.A. Nierenberg {ed). Encyclopedia of Earth Science
Systems. San Diego: Academic Fress.

Charney, J.G. (1975). Dynamics of deserts and drought in the Sabhel. Quarterly Journal of the Rovyal
Meteorological Society 101, 193-202.



50

Charney, J., Quik, W.L., Chow, S and Kornfield, J. {(1977). A comparative study of the effects of
albedo change on drought in semi-arid regions. Journal of Atmospheric Sciences 34, 1366-
1385.

Charney, J.G., Stone, P.H. and Quirk, W. {1975). Drought in the Sahara: A biogeophysical feedback
mechanism. Science 187, 434-435.

Crawford, R.M.M. (1989). Studies in Plant Survival Ecological case histories of plant adaptation to
adversity. Oxford: Blackwell Scientific Publications.

Crutzen, P.J. and Andreae, M.O. (1990}. Biomass burning in the tropics: impact on Atmospheric
chemistry and biogeochemical cycles. Science 250, 1669-1677.

d'Almeida, G.A. {1987). On the variability of desert aeroso! radiative characteristics. Journai of
Geophysical Research 93, 301 7-30286.

d'Almeida, G.A. (1989). Desert aerosol: Characteristics and effects on climate. In: M. Leinen and
M.Sarnthein {eds), Paleoclimatology and Paleometeorology: Modern and Past Patterns of Glebal
Atmosgpheric Transport. Dordrecht. Holland: Kluver Academic Publishers, 311-338.

Delcourt, P.A. and Delcourt, H.R. {1992}. Ecotone dynamics in space and time. In: A.J. Hansen and
F. di Castri {eds), Landscape Boundaries; consequences for Biotic Diversity and Ecological
Flows. Ecological Studies 92, New York: Springer Verlag, 19-564.

Dregne, H.E. and Tucker, C.J. {1988). Desert encroachment. Desertification Contral Bulletin 16,
16-19.

Druyan, L.M. (1989). Advances in the study of sub-Saharan drought. International Journal of
Climatology 9, 77-90.

FAO {1991). World Soil Resources: An Explanatory Note on the FAD World Seil Resources Map at
1: 25 00O 000 scale. World Soil Resources Reports 66. Rome: FAQ.

Faurnier, F. {(1960). Climat et Erosion: la Relation entre I’érosion du Sol par I'eau et les Précipitations
Atmosphériques. Presses Universitaires de France. ’

Glantz, M.H. {ed) (1987). Drought and Hunger in Africa: Denying Famine a Future. Cambridge,
Cambridge University Press.

Hulme, M. and Kelly, M. {1993). Exploring the Jinks between desertification and climate change.
Environment 35(6}, 4-11 and 39-45.

Kassas, M. and Batanouny, 1.H. (1984). Plant ecalogy. In: J.L. Cloudsley-Thompson {ed), Sahara
Desert. Oxford: Pergamot, 77-90.

Lamb, P.J. and Peppler, R.A. {1991}. West Africa. In: M. Glantz, R.W. Katz and N. Nicholls {eds),
Teleconnections Linking Worldwide Climate Anomaiies. Cambridge: Cambridge University Press,
121-188.

Lange, R.T. and Fatchen, T.J. {1930 Vegetation. In: M.J. Tyler, C.R. Twidate, M. Davies and C.B.
Walls (eds), Natural History of the North East Deserts, Adelaide: Royal Society of South
Australia, 133-147.



51
Le Houérou, H.N. {1989). The Grazing Land Ecosystems of the African Sahel. Berlin, Springer-Verlag.

Le Houérou, H.N. and Hosks, C.H. (1977). Rangeland production and annual rainfall relations in the
Mediterranean Basin and the African Sahelo-Sudanian zone. Journal of Range Management
30(3), 181-188.

Middleton, N.J. (1985). Effect of drought an dust production in the Sahel. Nature 316, 431-434.
Nicholson, S.E. {1989). Long-term changes in African rainfall. Weather 44, 46-56.

Nicholson, S.E., Davenport, M.L. and Malo, A.R. {1930}. A Comparison of the vegetation response
ta rainfall in the Sahel and East Africa, using Normalized Difference Vegetation Index from
NOAA AVHRR. Climatic Change 17, 209-241.

Noor, M. {1989). Rangeland Management in Pakistan. International Centre for Integrated Mountain
Development. ICIMOD Senior Fellowship Series No. 1. Kathmandu, Nepai, \CIMOD, 193 pp.

Noy-Meir, I. {(1973). Desert ecosystems: environment and producers. Annuat Review of Ecology and
Systematics 4, 25-51.

Otterman, J. {1974). Barin high-albedo soils by overgrazing: A hypothesized desertification
mechanism. Science 186. 531-633.

Phillips, J.D. (199). Biophysical feedbacks and the risks of desertification. Annals of the Association
of American Geographers 83, 630-640.

Rao, A.-u.-R., Arshad, M. and Shafig, M. (1920) Perennial Grass Germplasm of Cholistan Desert and
its Phytosociology. Bahawalpur, Cholistan institute of Desert Studies, slamia University,
85 pp.

Stafford-Smith, D.M. and Morton, S.R. {1990). A framewaork for the ecology of arid Australia. Journal
of Arid Environments 18, 265-278,

Tucker, C.J., Dregne, H.E. and Newcomb, W.W. (1991}. Expansion and contraction of the Sahara
Desert from 1980 to 1990. Science 253, 299-301.

Tucker, C.J., Townshend, J.R.G. and Goff, T.E. (1985). African land-cover classification using
satellite data. Science 227, 369-376.

UNCED {1992). Earth Summit Agenda 21: Programme of Action for sustainable development. New
York; United Nations Department of Public Information.

UNEP {1992a). Status of desertification and implementation of the United Nations Plan of Action to
Combat Desertification. Report of the Executive Director. Nairabi: United Nations Environment
Programme.

UNEP (1992b). World Atlas of Desertification. Editorial cormmentary by N. Middleton and
D.S.G. Thomas, Londen: Edward Amold.

Westtoby, M. {1980). Elements of a theory of vegetation dynamics in arid rangelands. Israel Journal
of Batany 28, 169-194.



52

Whetton, P., Adamson, D. and William, M.A_J. (1990}. Rainfall and river flow variabifity in Africa,
Australia and East Asia linked to El Nifio-Southern Oscillation events. In: P. Bishep {ed), Lessons
for Human Survival: Nature’s Record from the Quaternary. Geological Society of Australia
Symposium Proceedings, 1, Sydney: Geological Society of Australia, 71-82.

Williams, Martin. A.J. and Balling Robert C.Jr. {1994). Interactions of Desertification and Climate.
WMO/UNEP. Geneva and Nairobi.



53
CHAPTER 5

AGROMETEOROLOGICAL INFORMATION FOR LOCUST CONTROL
by D.E. Pedgley

5.1 SUMMARY

The dependence on weather for breeding, development and movement of ten
representative locust species is summarised in paragraph 5.3.

The potential of meteorology for impraving the monitoring, forecasting and control of
locust populations is outlined in paragraph 5.4,

The operational preparation and use of agrometeorological information for locust control
is discussed in paragraph 5.5.

Recomrmendations to improve the application of meteorology for locust control are made
in paragraph 5.6. These are based largely on improved cooperation between meteorological and locust
contral services, and the provision of information that is, or can be, produced routinely and therefore
requires little or no additional resources.

5.2 INTRODUCTION

Locusts are various kinds of grasshoppers having the ability to change their behaviour
from scattered individuals to dense, cohesive swarms that can travel hundreds or thousands of
kilometres. Sudden arrival of swarms in crops can threaten severe damage and loss of yield. Because
their formation and movement are greatly affected by the weather, the occurrence of swarms
constitute and extreme agrometeorological event.

Swarms result from crowding but their methed of cohesion is not understood. Frequent
contact between individuals can lead rapidly to gregarious behaviour - usually at an early stage in the
tife cycle, before wings deveiop. Crowding results from breeding, from shrinking of the habitat, or
both. Breading needs to be widespread, over thousands of square kilometres, if many swarms are 10
torm, for swarm densities are typically tens of millions of locusts in a square kilometre.

Many species of grasshoppers sometimes produce swarms. Those that do s¢ most
frequently and over large areas are the greatest threat to agriculture. The following have been
selected 1o illustrate:

{a} Their wide geographical occurrence;
{b) Differences of behaviour between species;
{c} Variations in weather influences on behaviour.

The Desert Locust (shistocerca gregaria) is perhaps the most widely known. Swarms of
this species have repeatedly invaded some 60 countries in northern, western and eastern Africa and
in southwestern Asia. Several other species affect parts of Africa, notably the Migratory Locust
iLocusta migratoria), the Red Locusts (Nomadacris septemfasciata) and the Brown Locust {Locustana
pardalina). The Migratory Locust also occurs in MadagascarEurope and Asia, and in Australia, where
the Australian Plague Locust (Chortoicetes terminifera) is a major pest. A relative of the Desert
Locust, the South American Locust {Schistocerca cancellata} can invade six countries in that
continent. There are other species with mare restricted distributions or that rarely give species with
more restricted distributions or that rarely give rise to swarms, €.g., the Moroccan Locust






































































































































































































































































































































































































