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FORWARD
 

This report by Mr. Massamba Gueye, Agricultural Meteorologist, National
 
Meteorological Service of Senegal, describes agroclimatic assessment models
 
developed for rainfed agriculture in Senegal. These models can be used to
 
implem3nt a reliable, timely, yet inexpensive weather-based information system
 
in Senegal. Weather analysis and climatic impact assessments can help deci
sion makers including Managers, Agronomists, Economists, Statisticians, Agro
meteorologists, and Extension Officials interpret and anticipate weather impact
 
on the agricultural sector. Specifically, the system will continuously monitor
 
and assess the impact of weather (drought, flooding, high winds, heat stress,
 

etc.) on agriculture. Early warning of potential crop failure due to drought
 
can be provided 30-60 days before crop harvest. This may represent a 3-6 month
 
lead-time to develop strategies for improving food security. Agroclimatic/crop
 
condition assessments can be provided during the growing season. These repre
sent additional tools to complement and supplement other information sources
 
used by statisticians to forecast crop prodiuction. Soil moisture estimates can
 

be provided to the extension service. These agroclimatic models also offer
 
potential long-term economic benefits related to agricultural planning and
 
rural development, e.g., minimizing climate risk in land and water resource
 
management.
 

Weather and climate are major factors that help determine potential crop
 

productivity and year-to-year variations in agricultural production levels Jia
 
Senegal. Also, this proposed weather assessment system complements ongoing
 
or planned developmental projects involving rainfed agriculture and secondary
 

food crops. The proposed agroclimatic assessment system is ready to be tested
 
and evaluated. After successful testing, the system can be made fully
 
operational.
 

This work is the result of an intensive four week Orientation Prjgram on
 
Agroclimatic Models and Climate Impact Assessment Technology. The pro Tam was
 

conducted in Columbia, Missouri, through the joint efforts of the NOAA/NESDIS
 
Assessment and Information Services Center (AISC) - Models Branch and the
 
Atmospheric Science Department, University of Missouri-Columbia. Mr. Gueye
 
was sponsored by the World Meteorological Organization (WMO)-Geneva, through
 

NOAA/NWS (Overseas Operations Division), Washington, D.C. as part of a NOAA/AID
 
PASA to transfer agroclimatic assessment technology to developing world.
 
Resources for AISC and UMC to conduct the training were provided by the Agency
 
for International Development, Office of U.S. Foreign Disaster Assistance
 
(AID/OFDA). Individuals in these agencies making contributions to this study
 

include: Dr. Andres C. Ravelo, Dr. Atanas Todorov, Ken Wherry, Judy Trujillo,
 
Kim Berry, Jerry Wright, and George D. Lozano of the University of Missouri-

Columbia; Rita Terry of NOAA/NESDIS/AISC-Models Branch, Columbia, Missouri.
 

We were privileged to work with Mr. Gueye. He dedicated himself to many
 
extra hours of work in developing this study. Assistance from officials in
 

the Government of Senegal is also appreciated.
 

Louis T. Steyaert V. Rao Achutuni
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EXECUTIVE SUMMARY 

PROPOSED AGROCLIMATIC ASSESSMNTS FOR POLICY
 
DECISION MAKING, ECONOMIC PLANNING AND RURAL
 

DEVi.LOPMENT IN SENEGAL
 
1/
 

Massrunba Gueye-


The economy of Senegal is highly dependent on agriculture which is
 

vulnerable to climate. Climatic fluctuations frequently impact agricultural
 

production causing reductions in food supplies and national security. An
 

example was the disastrous 1973 drought which resulted in significant human
 

,nd economic losses throughout the entire Sahelian Region of West Africa.
 

Food supplies, in particular subsistence food production, were greatly reduced
 

and exports for major cash crops, such as peanuts, were seriously decreased.
 

This resulted in increased rice and sugar imports, thereby affecting the
 

balance of payments and foreign exchange. Although not as severe, similar
 

drought impact occurred with the failure of the 1979 rainy season. It is
 

interesting that the socio-economic impacts (food shortages, reduced exports,
 

etc.) uccurred several months after the drought. This suggests that early
 

warning of potential drought impact could be of significant benefit for policy
 

decisions and economic planning.
 

This report documents agroclimatic models and climatic impact assessment 

methods which can be used as part of an operational government program to 

provide ea:ly warning, mitigate potential climatic impacts and reduce climatic 

vulnerability !/- Historic climatic data, particularly monthly rainfall, are 

used to develop different types of agroclimatic models for Senegal. These 

models include: 1) statistical climate/crop yield forecast models and agro

climatic/crop condition indices which provide drought/disaster early warning
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assessments and forecasts of crop yield and production, 2) preliminary models 

for providing early warning advisories to farmers so that actions can be taken 

to mitigate drought impact, for example by effective and economic irrigation 

scheduling and 3) land use/res'jurce management models which emphasize methods 

for crop selection and climatiP impact mitigation.
 

Some of the potential short and long-term economic benefits of climatic 

impact assessments to decision makers are now illustrated. These agroclimatic 

models are used to convert climatic data (i.e., decadal.and monthly rainfall) 

into economic information, e.g. relative crop production loss due to drought. 

The models are used to prepare various types of assessments for users: 

decision makers, economists, agricultural statisticians, extension officers, 

and farmers. Assessments providing early warning of drought impact on 

agricultural production can be provided by at least one month prior to the 

crop harvest. This can represent a significant lead-time (3 to 6 months) for 

planners so that economic policy can be adjusted before the actual economic 

impact of drought occurs. This lead-time may permit the adjustment of 

marketing and pricing policy, importing and exporting plans, or economic 

programs for farmers. Drought/disaster preparedness plans can be established 

to mitigate climatic impact on socio-economic conditions in rural areas. This 

permits improved food supply management. Another important application of 

meteorological data for short-term economic benefit is in the crop weather 

advisory for farmers. In addition to early warning of potential drought 

impact, farmers can also be advised on crop conditions, planting dates, 

scheduling of irrigation and application of pesticides. The advisory could 

also involve extension services. Agroclimatic models can contribute to land 

use studies by helping to determine the regionally appropriate crop, its optimum 

planting date and the potential economic returns. This type of model helps 

to reduce climatic vulnerability and lowers the risk of crop failures. 



These agroclimatic models can be used u support the planning, develop

ment and implementation of a National Agrometeurological Assessment Project 

for Senegal. The data and technical resources to implement a project already 

exists within the Meteorological Service. Minimal support is needed for a 

regional project which can demonstrate the economic benefit and value of the 

assessments to decision makers and users. This can lead to a national program 

which is based on available nistoric climatic data, an underutilized national 

resource. It is suggested that agroclimatic models and climatic impact assess

ments are essential in formulating long-term economic plans for agricultural
 

and rural development, with the ultimate goal of national food self-sufficiency.
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CHAPTER I
 

INTRODUCTION
 

Senegal as other Sahelian countries is highly dependent on agriculture 

which is quite vulnerable to climatic fluctuations, particularly drought. Among 

a series of dry years since the mid-1960's, the consequences of climatic impact 

on agriculture were most severe in 1973 when a most dreadful drought claimed the 

lives of mary humans and livestock. This period was marked by continued water 

shortages and a general degradation of the ecological system due to desert

ification and overgrazing. These conditions were closely associated with con

tinued demographic growth, and as a result disastrous food shortages and famine 

directly followed. Since the 1973 drought, awareness has increased in the 

governments of the Sahelian countries. More interest has been directed towards 

agriculture production and its potential improvement. Through the support of 

the local government and assistance of international organizations, national or 

joint projects intended to promote food security and improved agriculture are 

being created. 

The climate, soil, improved technologies and an objective evaluation of
 

all available information related to the human needs and the agriculture must
 

be considered in making plans for improving agricultural production. Because
 

climatic extremes, namely a meteorological drought, are still a potential
 

cause of food shortages, a reliable early-warning program for alerting decision
 

makers to potential problems is an integral element of national disaster
 

preparedness and food security programs.
 

One such program has been developed by the U.S. National Oceanic and
 

Atmospheric Administration, National Environmental Satellite, Data and
 

Information Service, Assessment and Information Services Center (NOAA/NESDIS/
 

AISC) at the request of the Office of U.S. Foreign Disaster Assistance (OFDA),
 

Agency for International Development (AID).
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The NOAA/AISC program he-, been in operation since 1979 and represents an 

inexpensive Climate/Subsistence Food Early Warning System to provide reliable 

information on potential food shortages due to drought in the Sahelian 

countries. Verification of test assessments made during the 1979 disastrous
 

drought and subsequent operational assessments (1980, 1981) has clearly
 

demonstrated the feasibility of using climatic and agronomic data for
 

operational assessment of crop conditions and can be assessed 30-60 days before 

harvesting begins. This frequently represents a 3-6 month lead-time for
 

early warning of potential food problems.
 

The value and economic benefits for Senegal are numerous. The proposed
 

agroclimatic assessment methods can be adapted for operational use by
 

Senegal. The system can be expanded to provide assessments for other uses:
 

crop forecasting, farmers advisories, land use and others. Policy decisions
 

or plans affecting disaster relief, preparedness and food security can be
 

supported by these assessments. This could help mitigte drought impacts such
 

as in 1973 and 1979.
 

With this background in mind, this report documents some of the preliminary
 

agroclimatic models and climatic impact assessment methods examined during this
 

four week training program. Climatic data were used to develop different types
 

of agroclimatic models for Senegal. These models include: 1) statistical
 

climate/crop yield models and agroclimatic/crop condition indices to provide
 

crop yield and production forecasts; 2) preliminary models for providing early
 

warning advisories to farmers so that actions can be taken to mitigate crop
 

water requirement and water balance and 3) resource management/land use models.
 

Chapter II of this report provides agroclimatic background information
 

for Senegal. Chapter III discusses data and modeling methodoloey while
 

some analytic results are discussed in Chapter IV. Crop modeling results and
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climatic impact assessment procedures can be fourd in Chapter V and VI, 

respectively. Recomendations for program implenentation and future work are 

discussed in Chapter VII. Chapter VIII provides concludir remarks.
 



CHAPTER II
 

AGROCLIMATIC BACKGROUND: SENEGAL
 

A. Physical Environment
 

Senegal is the westernmost country in Africa. It covers an area of
 

201,0O square kilometers and shares boundaries on the north with Mauritania,
 

on the east with Mali, on the southeast with Guinea, and on the south with
 

Guinea-Bissau. Some of these boundaries are natural boundaries: the Senegal
 

" 
River and it's tributary Le Faleme, me the Mauritanian frontier, the western
 

outposts of the Fatou Djalon Mountains coincide with the Guinean border, and
 

there is a 600-kilometer-long Atlantic Ocean seaboard on the west. However, the
 

boundaries with Guinea-Bissau are not natural. The country is essentially
 

flat with low plains which are always less than 200 meters in elevation.
 

The climate which is primarily characterized by a short rainy season
 

(June-September) and a long, eight month dry season is influenced by three
 

major semi-permanent meteorological systems. The Azores anticyclone regulates
 

the northerly marine trade winds from the Atlantic. The North African high
 

pressure system is the origin of the northeasterly (hot dry "Harmattan")
 

wind. Finally the St. Helena anticyclone brins the southeasterly, rain

bearing humid monsoon air. The changes in these systems are related by the
 

annual movement of the Inter-tropical Convergence Zone (ITCZ).
 

The ITCZ represents the boundary between the hot, dry Saharan air of
 

anticyclonic origin (northerly flow) and the cooler, moister maritime air
 

(southerly flow). The northerly swing of the ITCZ bring the June to November
 

seasonal rains with temperatures between 200C and 250C. In the subsequent, long
 

dry season, temperatures rise gradually and can reach more than 300C in the
 

interior, especially if there are "Harmattan" winds. The coastal regions are
 

cooler and more humid because of marine effects including local winds.
 

4 
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The most common feature of the climate since the 1960's has been the
 

gradual decrease in both the length of the rainy season and the total amount 

of rainfall at each latitude. These climatic fluctuations have had a serious 

effect on the Pgriculture, particularly during the well-documented 1970's
 

Studies sponsored by AID emphasize that Senegal and other Sahel countries
 

have suffered a number of exceptionally dry years since the mid-1960's, espe

cially in 1973 as mentioned before.
 

Since the mid-1960's annual rainfall has exhibited a decreasing trend with
 

large yearly fluctuation. As a result, food production has leveled off with
 

year-to-year fluctuations. This variability marked the beginning of the
 

prolonged drought period characterized by continued water shortages and a
 

general degradation of the environment resulting in overgrazing and human
 

desertification; livestock losses increased significantly after 1970. The
 

impact of the prolonged drought was compounded by the continued demographic
 

expansion throughout this period, and as a result there were severe food
 

shortages. The severity of this climate vulnerability, drought, and its impacts
 

on food production has been already studied in the AID report of 1979 (CEAS,
 

1979).
 

The interior regions are sandy and two distinct soil types exist:
 

1) the dior and 2) the dek. The dior soil which developed on thick sands,
 

is open and light, but poor in organic matter and plant nutrients. The dek
 

soil is more compact and fertile, but is subject to hardening during the
 

dry season. The soils of the Sudan regions, associated with the 650 and 900 mm
 

isohyet regime (Figure 2.1), are generally heavier arid are either red, deep and
 

rich in humus, or grey-brown, with a high sand content at the surface, making
 

them light and open. The alluvial soils of the valley are of high quality,
 

but can be rendered marginal by periodic invasions of sea-water.
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FIGURE 2.1 Mean Annual Rainfall (mm) for Senegal. 
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The natural vegetation has been much affected by human activity. In the
 

more northerly Sahel Zone, desertification has caused the natural vegetation
 

cover to become barren. Elsewhere some woodland cover remains. Throughout the
 

country, one commonly observes the grey and swollen baobab associated with
 

meagre acacias and different vegetation types, ranging from sparse, stubby
 

annual grasses in the north to more uniform, tall grasses in the south.
 

Densities of shrubs and trees increase from north to south. After the "green 

period" of the rainy season, rough brushwood and a cover of dry grasses appear. 

The south is distinguished by the widespread occurrence of oil palms, mainly 

in the Casamance area, and dry Sudan/woodland-savanna with different tree species 

in the plains and plateau. In contrast, the vegetation is more sparse toward 

the -ast.
 

B. Climate and Agriculture
 

Agricultural production is keyed to the rainy season. Production
 

patterns and crops generally contrast from south to north according to patterns
 

of seasonal rainfall total. For example, the isohyets (Figure 2.1) show a
 

rapid and regular decrease in annual rainfall; about 1500 mm in the southwest
 

to less than 400 mm around Saint-Louis in the northwest. However, the length of
 

the rainy season is fairly consistent (see Figures 2.2a-b) which permits
 

somewhat aniform crop calendars from south to north. In general, stations in
 

the South (Tambacounda, Kedougou and Ziguinchor) receive more monthly rainfall
 

than those in the North (Kaolack, Dakar, Saint Louis, Podor and Matam).
 

Agriculture is very important to the economy of Senegal even though it
 

accounts for only 25 percent of the Gross Domestic Product. More than 75
 

percent of the population subsists by farming of different types. (Figure 2.3).
 

Most people grow food crops such as millet, sorghum, rice and niebe beans.
 

Groundnuts (Peanuts) are the primary cash crop for farmers. Approximately 50
 

percent of the 2.2 million hectares of farm land is devoted to groundnuts and its
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1. SUB3ISTENCE FARMING: MILLETS, MAIZE 
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4. PREDOMINANTLY NON-INTENSIVE GRAZING 

5. UNCULTIVATED LAND 

FIGURE 2.3 Types of Farminc -fn .i.n. 



11
 

exports account for 75 percent of the value of total exports.
 

Two types of land use are currently practiced in Senegal:
 

1) modern technology used on state establishments and by companies, and
 

2) the traditional systems, which are practiced by the peasant farmers. It is
 

important to note however, that agriculture is gradually being mechanized
 

through tools distributed by rural cooperatives. The agricultural year
 

coincides with the rainy season, however the preparation of the fields and the
 

sowing of early millet are done before the rains begin. The sowing of ground

nuts and other food crops takes places after the first rains, as does the
 

hoeing, weeding and thinning of the plants. The harvest season starts at the
 

end of the rainy season (early October) with the cutting of the early millet and
 

closes with the collec-ion of the groundnuts harvest in November-December.
 

Winnowing is completed in January, and groundnuts are processed in
 

January-April. In the southern river valley where rice is produced by irri

gation, farmers have an annual work calendar which is spread about equally
 

throughout the whole year. The farmers in the north cultivate millet during the
 

rainy season and sorghum during drier periods.
 

Agroclimatic zones have been selected according to the mean annual rainfall
 

and the type of crop grown in each region (see Fig. 2.1, 2.3 and 2.4). The
 

boundaries of the administrative regions (Fig. 2.5) coincide only partially with
 

these five agroclimatic regions. The "Groundnut Basin" (W) (Fig. 2.6) corresponds
 

to the western Sahel and Sahel-Sudan zones, stretching over the whole of Cap-Vert
 

and Thies administrative regions and the westren parts of Diourbel and Sine-


Saloom including parts of the upper Gambia region. The Ferlo region (CE)
 

stretches acioss Fleuve, Diourbel, Sine Saloum, and Senegal-Oriental administra

tiv? regions. The southwestern region (SW) coincides with the Casamance and the
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lower Gambia regions. The SE regions include parts of the Casamance, eastern 

Gambia, and Senegal Oriental administrative regions. The Senegal valley (N) 

occupies only part of the Fleuve administrative region. 

The major pea-nut and millet/sorghum regions in Senegal are located in
 

the so-called "Groundut Basin" (Region W). This region is located in western 

Senegal to the north of the Gambian River. Approximately 80 percent of the 

rice produced in Senegal is grown in the Casamance region (SW) which is
 

located in the southwestern portion of the country. Rice is also grown in the
 

northern region (N) along the Senegal river. Short-cycle crops such as millets
 

and cowpeas which mature in 70-90 days are grown within the 350-500 mm isohyet
 

zone. Lower rainfall areas are primarily suited for grazing (CE region). The
 

SE region produces most of the cotton grown in Senegal. Millets and sorghum
 

are found chiefly in northern regions. Millets are the earliest maturing and
 

most drought-resistant of the cereal grain crops. All types of millet can
 

endure drought period of two to three weeks (CEAS, 1979). The crop is specially
 

drought-resistant before flowering, however, severe moisture stress during
 

the reproductive stage can have a disastrous effect on yield. Sorghum is not
 

as drought-resistent as millet but, like millet, does have the ability to with

stand severe drought, particularly during the vegetative stage.
 

Rice is imnportant to the family diet and has traditionally been grown in 

Casamance, the major production zone. The Fleuve region (north) is a secondary 

production area. Rice needs an adequate water supply during its initial and 

early stages of growth. Solar radiation becomes increasingly important as the 

plant develops. If une crop dries out too quickly during the maturation stage, 

yields will be reduced. Other food crops are manioc (or cassava), cowpeas, 

and sweet potatoes. 

Another leading cash-crop after groundnuts and cotton is oil palm, primarily
 

grown in south Casamance.
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The government has been carrying out a program of crop diversification. 

This includes freeing the country from the domination of the groundnut crop so 

that farmers can develop new sources of income. Crop diversification is 

directed to rice and cotton production. In addition, unused, yet arable lands 

are now being used to grow more food crops such as vegetables, commercial 

growing of potatoes, onions, tomatoes, sugarcane, millets and sorghum. 

The government has also taken various measures intended to promote 

agriculture. These include the promotion of research, the introduction of 

extension officers, the establishment of trade cooperatives and a system of 

agricultural credit. The installation of hydrologic works to control flooding 

and the building of protective barriers to check the inflow of saltwater are 

either finished or in progress. Snaller, more modern rice fields exist in the 

north and also in Casamance. The country is planning large hydro-agricultural 

installations to improve rice-growing. 



CHAPTER III
 

METHODOLOGY
 

A. Data
 

1. Meteorological Data
 

The data used in this study consist of the mean monthly precipitation 

and temperature for twelve stations in Senegal. The period of record is 31 

years (1951-1981) except for Kedougou with 14 years of data (1968-1981). 

Monthly mean pan evaporation (Table 3.1) cnnd climatic normals for three stations 

(Dakar, Saint Louis and Ziguinchor) were used to estimate potential eva

potranspiration by various methods.
 

2. Agricultural Data
 

Five crops were analysed in the climate/crop yield modeling. National
 

level crop data include: 1) rain-fed crops which are more extensively grown,
 

namely groundnuts, millets, cowpeas and maize, and 2) rice. The agricultural
 

data (acreage, production and yield) correspond to the period 1960-1974 for the
 

rainfed crops and to the period 1951-1976 for rice.
 

3. Episodic Event Data
 

Episodic events refer to historic examples of weather c: non-weather
 

impacts on agriculture that are usually documented from reports and other
 

qualitative services. The most striking example of weather impact for
 

Senegal was the 1972-1973 drought which caused tremendous reductions in
 

yield. Some of the non-weather impacts could include crop damage due to pests,
 

disease, changes in technology, etc. Episodic data are used to determine
 

the historic reasons for good and poor crop years. This usually suggests the
 

type of agroclimatic index associated with crop productivity. Agroclimatic/
 

crop condition indices can be "calibrated" with episodic data. For example,
 

the index is expressed in percentiles for a 15-30 year period and the critical
 

17
 



STATION ODE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

DKR 
STL 
ZIG 

P 
P 
P 

1 
2 
1 

2 
4 
1 

0 
0 
0 

0 
0 
0 

4 
2 

11 

11 
12 
121 

105 
53 

351 

220 
164 
556 

187 
119 
357 

59 
30 

155 

4 
2 
5 

6 
2 
1 

DKR 
STL 
ZIG 

T 
T 
T 

22 
22 
24 

22 
21 
26 

22.5 
22.0 
27.5 

22.5 
21.0 
28.0 

27.5 
22.0 
28.5 

27.0 
25.5 
28.5 

27.5 
27.0 
27.0 

27.5 
27.5 
26.5 

28.0 
28.0 
26.5 

28.0 
28.0 
26.5 

26.5 
24.5 
27.0 

23.0 
22.5 
24.5 

DKR 
STL 
ZIG 

E 
E 
E 

142 
131 
168 

134 
128 
166 

155 
170 
199 

173 
155 
199 

166 
147 
171 

165 
141 
ill 

159 
145 
64 

141 
140 
47 

142 
138 
53 

149 
141 
65 

149 
127 
97 

151 
126 
138 

DKR 
STL 
ZIG 

S 
S 
S 

7.1 
6.7 
6.9 

9.0 
7.6 
7.9 

9.1 
9.1 
9.5 

9.8 
9.9 
10.0 

8.0 
8.8 
8.8 

6.5 
7.8 
5.7 

7.0 
7.5 
4.0 

5.8 
6.9 
3.0 

6.5 
7.7 
5.1 

6.7 
7.7 
6.6 

7.2 
7.6 
7.8 

6.9 
5.8 
5.8 

C 

DKR 
STL 
ZIG 

RH 
RH 
RH 

67 
56 
59 

66 
64 
60 

67 
65 
61 

72 
76 
60 

61 
84 
66 

75 
87 
74 

77 
85 
83 

78 
85 
85 

78 
83 
86 

77 
77 
77 

74 
75 
72 

67 
61 
65 

DKR 
STL 
ZIG 

W 
W 
W 

3.1 
4.0 
1.8 

3.6 
4.2 
1.6 

3.8 
4.4 
2.2 

4.9 
4.0 
2.2 

3.3 
3.6 
2.0 

2.7 
3.1 
1.8 

2.4 
2.9 
1.8 

2.2 
2.7 
2.0 

2.4 
2.7 
1.3 

2.4 
3.1 
1.1 

2.9 
3.6 
1.3 

3.1 
3.1 
1.8 

DKR 
STL 
ZIG 

QA 
QA 
QA 

678 
655 
701 

756 
737 
774 

854 
845 
864 

933 
932 
933 

976 
984 
966 

987 
1000 
972 

988 
1000 
976 

967 
970 
962 

909 
903 
915 

812 
797 
827 

716 
694 
737 

661 
636 
685 

Table 3.1 	Mbnthly Climatic Normals for Dakar (DKR), Saint Louis (STL) and Ziguinchor (ZIG).
Code: P=Precipitation in rm, T=Terperature in OC, E=Pan Evaporation in im, S=Sunshine Hours,

RH=Relative Humidity in percentages, W=Wind Speed in m/sec, and QA=Extra-Terrestial
Radiation in Jy/day, 
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percentile values associated with good, normal, below normal and well below
 

normal crops are determined. Critical thresholds for crop failure/potential 

food shortages (severe drought impact) or reduced crop yields (drought impact) 

can be inferred for use in operational assessments. 

4. Capabilities and Limitations of the Data 

Yield data and mean monthly temperatures and precipitation were used to 

develop the statistical climate/crop yield forecast models. Agroclimatic 

crop/condition indices for the different crops were also computed. Pan 

evaporation and sunshine data were not available for most stations. Therefore, 

FET estimates by the Penman, Fargreaves and Thornthwaite methods apply to only 

three stations: Dakar, Saint Louis, and Ziguinchor. Some monthly temperature 

data are missing for most of the stations. The long-term mean was used in such 

cases. Missing precipitation data were filled in the same way. This procedure 

is not quite correct, but it did permit more complete analysis. Meteorological 

elements were examined by correlation analysis and questionable values were 

deleted. 

B. Analytic Methods 

1. Drought Analysis 

The occurrence of drought was examined at all stations by using the 

Palmer Drought index (PDI) according to Palmer (1965). The potential evapo

transpiration (PET) needed for computing the FDI was obtained by the 

Thornthwaite method. Drought conditions, particularly d"uring the 1970's were 

compared to episodic data. Several agroclimatic tools were investigated. These 

include various methods for estimating potential evapotranspiration (PET), soil 

moisture and crop water requirements. These tools are used in crop yield 

modeling and as input for land use studies involving climate impact. 
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2. Potential Evapotranspiration (PET)
 

Evapotranspiration is defined as the sum of the evaporation of water
 

directly from the surface of water, soil -advegetation and the transpiration
 

of plants. If soil water is not limited, the evapotranspiration from a
 

complete plant canopy 4s called the potential evapotranspiration (PET).
 

There have been many methods proposed for estimating PET from meteorological
 

data. One of the simplest models is to approximate PET as 80 percent of pan
 

evaporation (from U.S. Class A pan). Some of the other major estimation methods
 

follow.
 

Penman Method (1948)
 

Penman's method is derived from the physical laws governing the evapo

transpiration process. The approach involves making an empirical estimate of
 

the transfer of mass (water vapor) from a wet surface and incorporating this
 

estimate into an expression defining the surface energy budget. The Penman
 

formula for the rate of PET from an extensive and uniform wet surface can be
 

written as:
 

PET = (mH + 0.66 Ea)/(m + 0.66) 

where: PET is the pobential evapotranspiration (mm/day), 

m is the slope of the saturation vapor pressure curve for water at 

mean temperature in mb/0C, 

H is the net radiation in evaporation equivalent of mm/day, 

0.66 is the psychrometric constant in mb/°C, and 

Ea is 0.26 (es - ea)(1 + 0.54 U2 ) mm/day 

with: es the saturation vapor preasure (mb) at the mean air temperature, 

ea the actual vapor pressure (mb), and 

U2 the mean wind speed at 2 meters in m/sec. 

The main problem with the Penman method is that the data for net radiation,
 

vapor pressure deficit, and wind speed are not readily available for most
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meteorological stations. Because of incomplete meteorological data at most 

weather stations, other empirical methods for estimating PET have also been 

proposed. 

Tornthwaite Method 

Thornthwaite (1948) derived an empirical relationship between PET and mean 

temperature. = is expressed as an exponential function of mean monthly air 

temperature or, 

pET = ].6 (10 T/I)A 

where: PET is the potential evapotranspiration (an/month), 

T is the mean monthly air temperature (OC), 

I is a heat index which represents the sum of 12 monthly indices 

and may vary from 0-160,
12
 

5 1 4I = (Ti/5) 1 .
 

i=1
 

A is a cubic function of I for a given location which may vary
 

from 0-4.25 and is defined as: 

A = 6.75 x I0-7I 3 - 7.71 x l0-512 + 1.79 x 10-2 I + 0.49. 

The values of PET Lre for a day length of 12 hours and a 30 day month; an 

adjustment must be made to estimate PET for a particular month and location. 

This method has been used worldwide because temperature and the local lati

tude are the only variables required. However, this method has received con

siderable criticism because the mean air temperature does not relate to the sur

face energy balance. Also, the method was designed only for making monthly PET 

estimates.
 

Hargreaves Method 

Hargreaves (1975) used air temperature and solar radiation as the main 

meteorological elements to estimate PET as follows: 

PET = 0.0075 (RS) . (TF) 
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where: PET is the potential evapotranspiration (mm/day),
 

RSM is solar radiation (mm/day), and
 

TF is the daily mean temperature (OF).
 

When solar radiation is not available, it can be estimated from sunshine hours
 

and extraterrestial radiation.
 

Adjusted Par, Evaporation Data
 

Potential evapotranspiraxion estimates can be obtained by adjusting pan evap

oration observations by a factor of 0.8 (80 percent of pan value). This ratio
 

can be used to approximate potential evapotranspiration from pan evaporation
 

data.
 

Evaluating Methods for Estimating PET
 

Because PET is one of the fundamental agroclimatic analysis tools for the 

study of moisture stress on crops, reliable estimation methods must be iden

tified. This is often difficult even with optimum data. The previously
 

discussed methods provide PET estimates. These contrast with measured PET 

which is usually determined by field experiments using a lysimeter.
 

In this study for Senegal, monthly data from the agrometeorological sta

tions were used to estimate PET by the Penman, Hargreaves, and Thornthwaite 

methods. These were compared to each other and to 80 percent of pan evap

oration.
 

Because actual measurements of PET are not available, definite conclusions
 

cannot be made. However, some inferences can be drawn from comparisons with pan
 

evaporation. Crop calendar information can also be used to interpret PET
 

(moisture demand) and rainfall (moisture supply) relationships. If crops are to
 

be successfully grown i.1 most years, rainfall should generally exceed PET during
 

the crop growing season. If estimated PET during the crop season is con

sistently larger than rainfall, the PET method is suspect for that region.
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The Penman Method and pan evaporation data provide reliable PET estimates. 

One disadvantage common to all methods is that baseline data are not usually 

available to confirm the appropriate method. Also, the data for the Perrnan 

method are not always available. Finally, some of the methods may be totally 

inappropriate for climatic conditions in Senegambia. 

In spite of these limitations, recommended procedures need to be developed 

for test and evaluation. The most "appropriate" method needs to be determined. 

Alternative methods or ways to adjust PET estimates to conform with the 

"appropriate" method are required. Interpolating PET to data sparse locations 

is important. Determining when PET normals can be used instead of individual 

monthly (or weekly, etc.) values is also necessary. For example, if the variance 

of rainfall is much greater than the variance of PET, then PET. normals should 

suffice. These are some of the questions to be investigated. 

3. Soil Moisture Budgeting 

The growth and development of crops depend on the water available for their
 

consumption. The sources of the water include rainfall, water stored in the 

soil, and irrigation. Precipitation recharges soil moisture in successive soil 

layers from the surface downward. Precipitation in excess of that required to 

bring the crop root zone to the water holding capacity is removed by lateral 

runoff and percolation. For a short dry spell, even without irrigation, crops 

are not seriously affected even in the critical growth period if there is suf

ficient soil moisture to support the demand for water. Thus, the soil moisture 

level may be as good or better an indicator of crop conditions as rainfall. 

Since soil moisture is difficult to measure directly in the field, several 

methods have been proposed for estimating its value. Descriptions of two of 

them follow.
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One-Layer Water Balance Method 

Thornthwaite's model is based on simple water balance equations for gains 

and losses within a single layer as follows: 

Si = Si-I + Pi - PETi (Si-/EC) 

where: Si is the soil moisture estimate for the current period, 

Si_1 is the soil moisture for the previous period, 

Pi is the precipitation,
 

PETi is potential evapotranspiration for the current period, and
 

FC is the field capacity of the soil. 

Two-Layer Method 

In contrast to the one-layer model, Palmer (1965) proposed a two-layer model 

which makes the following assumptions: 

1) The upper layer is equivalent to the plough layer and is assumed to hold 

about 2.5 cm of plant available water. The soil wster in the surface layer (SS) 

is lost at a potential rate. 

2) The underlying layer extends from the base of the plough layer to the 

depth of rooting for a particular crop. Soil water in the underlying layer (SU) 

is lost at the potential rate when the profile is at field capacity. The 

available water in this layer depends on the depth of the root system and on the 

soil characteristics.
 

The soil moisture budget is: 

Si = SSi + SUi = SSi-i + SUi- + Pi - AETi - ROi 

the soil water in the surface and underlyingwhere: SS i and SUi are 

layers, respectively,
 

i is the current time period and i-i is the previous time period, 

is the soil water in both surface (SSi) and underlying (SUi)
Si 

layers,
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Pi is the rainfall received during the current time period, 

AETi is the actual water loss by evapotranspiration, and 

ROi is the runoff. 

The actual water losses by evapotranspiration and runoff are estimated by: 

a) If Pi < PETi then: 

AETi = Pi + LSi + LUI = Pi + Minimum (SSiI, PETi-PI) 

+ Minimum (SUiI, (PETi-Pi - LSi) SUii/(PAWmax_2.5)) 

where: LSi and LUi are the water losses from the surface and underlying 

layers in the current time period, respectively, 

PETi is the estimated potential evapotranspiration, and 

PAWmax is the maximum possible plant available water in the total 

soil profile. 

The runoff is zero for this case. 

b) However, if Pi > PETi then: 

AETi = PETi, 

ROi = Pi-AETi-REi 

where the soil water recharge (REi) is: 

REi = the minimzn of ((Pi--AETi),(PAWmax-Si)) 

The budget begins at a time when the soil moisture is at field capacity and 

water is lost from the upper layer first. Note that if SUj_ 1 is zero then the 

loss from the underlying layer (LUi) is also zero. All units are in centimeters. 

11. Crop Coefficients
 

Doorenbos and Pruitt (1977) defined the crop coefficient (KC) for a
 

given crop as:
 

KC = AETc/PET. 

The crop coefficient relates to the evapotranspiration (AETc) of a disease
 

free crop grown in large fields under optimum soil water and fertility conditions
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achieving full production potential under the given environment. PET i,
 

the reference potential evapotranspiration as defined in previous sections.
 

Factors affecting the value of the KC are mainly the crop characteristics, crop
 

planting or sowing data, rate of crop development, length of growing season and
 

climatic conditions. Thus, crop coefficients are defined for each crop develop

ment stage. Usually, the coefficients of a given crop are largest for the
 

flowering/reproductive stage relative to other stages, for example, planting and
 

early vegetative stages.
 

Some of the crop coefficients for selected crops as provided by Doorenbos
 

and Pruitt are given in Table 3.2a. These were determined from field experi

ments with lysimeters. Table 3.2b shows the crop coefficients for Senegal
 

after being adjustcd for local conditions.
 

The KC can be used to estimate the crop water requirement for different 

crops at various stages of development by: 

Crop Water Requirement (CWR) = AETc = KC(PET) 

The CWR for each growth stage and the growing season of a particular crop
 

can be estimated from historic meteorological data. The CWR can be compared
 

with rainfall and soil moisture to determine the appropriate crops and planting
 

dates to avoid or minimize drought vulnerability. In contrast to this type of
 

land use study, the CWR can be used in real-time applications such as irrigation
 

advisories during the growing season.
 

5. Climatic Diagrams 

The climatic diagram is a useful tool for investigating the availability of
 

moisture for crops. It is a graphical plot of decadal, monthly, weekly or even
 

daily rainfall, soil moisture, PET, AET and other paiameters such as pan evap

oration. The crop coefficient could be used to adjust PET, thereby providing an 

estimate of the crop water requirement. The climatic diagram can be based on 

data for a particular season, climatic normals or both. For example, moisture 
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Table 3.2a Crop Coefficients (RC)
 

Total
Crop Development stages 

At growing
CROP Crop Mid- Late 

season harvest perod
Initial develop- season 
nient 

Banan a 
tropical 
subiropical

Bean 

0.Z -0.5 
0.5 -0.65 

0.7 -0.85 
0.8 -0.9 

1.0 -1.1 
1.0 -1.2 

0.9 -1.0 
1.0 -1.15 

0.75-0.85 
1.0 -1.15 

0.7 -0.8 
0.85-0.95 

green 0.3 -O.Z 0.65-0.75 0.95-1.05 0.9 -0.95 0.85-0.95 0.85-0.9 

dry 

Cabbage 

Cotton 

0.3 -0.4 

0.4 -0.5 

0.4 -0.5 

0.7 -0.8 

0.7 -0.8 

'0.7 -0.8 

1.05-1.2 

0.95-1.1 

1.05-1.25 

0.65-0.75 

0.9 -1.0 

0.8 -0.9 

0.25-0.3 

0.8 -0.95 

0.65-0.7 

0.7 -0.8 

0.7 -0.8 

0.8 -0.9 

Grape 

Groundnut 

0.35-0.55 

0.4 -0.5 

0.6 -0.8 

0.7 -0.8 

0.7 -0.9 

0.95-1.1 

0.6 -0.8 

0.75-0.85 

0.55-0.7 

0.55-0.6 

0.55-0-75 

0.75-0.8 

Maize 
sweet 
grain 

0.3 -0.5 
0.3 -0.5-

0.7 -0.9 1.05-1.2 
0.7 -0.85' 1.05-1.2* 

1.0 -1.15 
0.8 -0.95 

0.95-1.1 
0.55-0.6-

0.8 -0.95 
0.75-0.9"* 

Onion 
dry 
green 

pea, fresh 

0.4 -0.6 
0./ -0.6 

0., -0.5 

0.7 -0.8 
0.6 -0.75 

0.7 -0.55 

0.95-1.1 
0.95-1.05 

1.05-1.2 

0.85-0.9 
0.95-1-05 

1.0 -1.15 

0.75-0.85 
0.95-1.05 

0.95-1.1 

0.8 -0.9 
0.65-0.8 

0.8"-0.95 

pepper, fresh 

Potato 

0.3 -0.1, 

0.4 -0.5 

0.6 -0.75 

0.7 '0.8 

0.95-1.1 

1:05-1.2 

0.85-1.0 

0.85-0.95 

0.8 -0.9 

0.7 -0.75 

0.7 -0.8 

0.75-0.9 

Rice 

Safflower 

1.1 -1.15 

0.3 -0.4 

1.1 -1.5 

0.7 -0. 8 

1.1 -1.3 

1.05-1.2 

0.95-1.05 

0.65-0.,7 

0.95-1.05 

0,2 -0.25 

1.05-1.2 

0.65-u.7 

5orghurn 

Soybcan 

Sugarbeet. 

Sugarcane 

Sunflower 

0.3 -0.4 

0.3 -0.4 

0.4 -0.5 

0.4 -0.5 

0.3 -0.4 

0.7 -0.75 

0.7 -0.8 

0.75-0.85 

0.7 -1.0 

0.7 -0.8 

1.0 -1.15 

1.0 -1.15 

1.05-1.2 

1.0 -1.3 

1.05-1.2 

0.75-0.8 

0.7 -0.8 

0.9 -1.0 

0.75-0.8 

0.7 -0.8 

0.5 -0.55 

0.4 -0.5 

0.G_-0.7 

0.5 -0.6 

0.35-0-45 

0.75-0.-a 

0.75-0.9 

0.8 -0.9 

0.85-1-05 

0.75-0-85 

Tobacco 

Tomato 

0.3 -0.4 

0.4 -0.5 

0.7-0-8 

0.7 -0.8 

1.0 -1.2 

1.05-1.25 

0.9 -1.0 

0.8 -0.95 

0.75-0-85 

0.6 -0.65 

0.85-0-95 

0.75-0.9 

Watermelon 

Wheat 

0.4 -0.5 

0.3 -0.4 

0.7 -0.8 

0.7 -0.8 

0.95-1-05 

1.05-1.2 

0.8 -0.9 

0.65-0-75 

0.65-0-75 

0.2 -0.25 

0.75-0.85 

0.8 -0.9 

Alfalfa 0.3 -0.4 
1.05-1.2 0.85-1.05 

Citrus 
clean weeding 

o.65-0-75 
0.85-0.9 

no weed control 
0.4 -o.6 

Olive 



Table 3.2b Crop Coefficients (KC) Used in Computing 
the Yield Moisture Index 

CROP PLANTING VFX=rATIVE LATE FIOWERING MA T RITY 
VEGETATIVE 

Rice .65 .85 1.10 1.20 .95 

Maize .35 .50 - 1.05 .55 

Millets .35 .55 1.00 .45 

Groundnuts .35 .65 .95 .55 

Cowpeas .35 1.05 .95 -
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supply and demand relationships can be monitored during the growing season by 

comparing real-time values to normal data. This can serve as an important tool 

for crop condition assessment. The climatic diagram can also be used for land 

use studies which investigate optimum planting dates, crop selection, irrigation 

requirements, etc. 

The PET is estimated by the appropriate method and the ALT is determined
 

from the soil moisture budget.
 

6. Derived Agroclimatic Indices
 

Agricultural drought indices are defined as derived numbers or classifica

tion identifications which express the degree to which growing plants have been 

adversely affected by an abnormal moisture deficiency. The deficiency may 

result either from an unusually small moisture supply or an unusually large 

moisture demand. The sources of moisture supply are precipitation and water 

stored in the soil while the moisture depletion is caused by crop evapo

transpiration to meet the CWR during the growing season. Rainfall, evapo

transpiration, potential evapotranspiration and soil moisture are some of the 

variables that can be used for calculating these indices. 

This study examines six different agroclimattc indices: Yield Moisture 

Index (YMI), Generalized Monsoon Index (GMI), R-Index, Soil Moisture Index 

(SMI), Falmer Drought Index (PDI) and the Moisture Availability Index (MAI). 

These are some of the indices used by the NOAA/Assessmen' and Information 

Services Center (AISC) for drought/early warning assessmentv. Details on each 

index follow. 

Yield Moisture Index (YMI)
 

One of the primary agroclimatic indices used by AISC in the Yield Moisture
 

Index, defined as:
 

YMIj = 5 PiKCij 

i=l
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where: 

YMIj is the Yield Moisture Index for the Jth drop (e.g., maize,
 

rice, beans, etc).
 

Pi is the precipitation which occurred during the ith crop 

stage (e.g., i=l for planting, i=2 for vegetative, i=3 for 

reproductive/flowering, i=4 17ir maturity), and 

KCij is the appropriate crop coefficient for the Jth crop and ith 

crop stage as estimated from Table 3.2b for local conditions. 

As discussed by Steyaert et al (1981) and Achutuni et al (1982), this 

drought index uses crop coefficients to weight rainfall during the growing 

season according to the relative water requirement between crop stages. For 

example, the crop coefficients for maize at planting and reproductive/flowering 

stages are about 0.35 and 1.05, respectively; water is about three times more 

important during flowering than at planting. Thus, the YMI is based on objec

tively weighted rainfall and should represent an improvement over cumulative 

rainfall during the growing season. This index can be calculated at the end of 

planting, vegetative, flowering and maturity crop stages. Usually water is 

beneficial to the crop at these stages, however, caution must be exercised 

during the late maturity stage. If rairfall tends to adversely affect the crop 

during the final stages (grain drying), this stage should not be used in can

puting the YMI. 

Generalized Monsoon Index (GMI) 

The Generalized Monsoon Index was developed by Steyaert et al (1981) to 

assess rainfed crops which are grown during the monsoon season. In a sense, it 

is a generalized YMI which is defined for the southwest and northeast monsoon 

seasons. 
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The GMI for the southwest monsoon season during June-September is defined as: 

GMIsw = 0.125 P6 + 0.125 P7 + 0.50 P8 + 0.25 P9 . 

where: 

GMIsw is the GMI for the southeast monsoon, and 

Pi is the rainfall ( i=6 for June, i=7 for July, etc.). 

The index attaches most significance to rainfall occurring during the 

flowering/reproductive crop stages. Although these weights have been determined 

through objective analysis of historic data, they are not crop coefficients. 

The GMI is useful for assessing drought as well as flooding situations. 

R-Index 

The R-Index was developed by Yao (1969) and is defined as the ratio of AFT 

to PET or:
 

R = AE/PET. 

The index ranges from 0 to 1. Values near zero indicate extreme moisture 

stress while values near unity indicate no stress. The index can be used in 

crop condition assessments and also as a tool for land use studies. 'For 

example, Yao (1973) used the R-Index to demonstrate that groundnuts could not be 

grown in Tanzania due to drought vulnerability. Ravelo and Steyaert (1981) used 

the R-Index to estimate optimum crop calendars for Haiti and to eliminate erro

neous crop calendars cited in the literature. 

Soil Moisture Index
 

Ravelo and Decker (1979) proposed a Soil Moisture Index (SMI) defined as
 

follows: 

SMI = PAW/PAWma x 
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where: 

PAW is the plant available soil moisture, and 

PAWmax is the maximum plant available soil moisture.
 

The SMI is defined for values ranging from zero through 1. The SMI has been 

used by AISC as a crop condition assessment tool. 

Palmer Drought Index 

One method for combining precipitation and temperature as predictor 

vaL'iables was developed by Palmer (1965). The Palmer Drought Index (PDI) is 

universal in that persistently normal temperatures and precipitation produce an 

index of zero for all seasons and all climates. The completed analysis breaks 

the meteorological record into separate periods of drought, abnormally wet, or 

near normal conditions. Positive values of the index indicate wetter than nor

mal conditions while negative values represent drought. Table 3.3 lists the 

descriptive terms which have been assigned to describe the character of the 

weather represented by various intervals of the index. 

Moisture Availability Index
 

The Moisture Availability Index (MAI) was developed by Hargreaves (1977) for 

use in land classification studies. The MAI is defined as: 

MAI = PD/PET 

where: PD is the dependable rainfall, and 

PET is potential evapotranspiration. 

Hargreaves showed that PD should be taken as the monthly rainfall amount 

which has a 0.75 probability level of occurrence, for example, as estimated by 

the gamma probability distribution. He further showed that PD is essentially 

equivalent to the 75th percentile which can be determined by ranking the monthly 

rainfall data. If time-series monthly rainfall data are not available, 

Hargreaves has developed statistical equations which can be used to adjust the 

"normal" amount to the 75th percentile estimate. 
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TABLE 3.3 Palmer Drought Index Classes for Wet and Dry Period
 

INDEX CHARACThR OF RECENT WEATHER 

> 4.00 Extremely wet 

3.0 to 3.99 Very wet 

2.0 to 2.99 Moderately wet
 

1.0 to 1.99 Slightly wet
 

0.5 to 0.99 Incipient wet spell
 

0.49 to -0.49 Near normal
 

-0.50 to -0.99 Incipient drought
 

-1.00 to -1.99 Mild drought
 

-2.00 to -2.99 Moderate drought
 

-3.00 to -3.99 Severe drought
 

< -4.00 Extreme drought
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Interpretation of Indices 

Indices can be computed from historic data over a 15-30 year period and then 

expressed in several forms: raw value, percent of normal, and percentile. 

The indices must be tested and evaluated to determine how each should be 

interpreted and the potential for use as an operational index to monitor general 

agricultural conditions. The threshold values for the indices can be 

established by using historic yield data and episodic data. The historic indices 

for each station can be plotted and the records of episodic data then used to 

identify the weather impact years and the critical values of the index asso

ciated with it; for example, "normal crops", "moderate drought impact on crops" 

(slightly below normal yields), "drought impact on crops" (reduced yields) and 

"severe drought impact on crops" (drastically reduced yields or crop failure).
 

The index values for such years will be considered as a threshold value for each
 

category.
 

Decisions should be made on which index or indices will be appropriate for
 

an area of interest or for a particular purpose. The assessment then can be
 

made by calculating the indices using the observed weather data, interpreting 

the index values in terms of similar values in the historic record and finally 

evaluating the results along with other information. The indices are mainly 

useful in assessing drought impact on agricultural crops, not the impact due 

to flooding or crop conditions in irrigated areas. Drought causes physiologic 

damage to a crop. Excessive moisture due to flooding can cause physical damage 

to the crop. Thus, flooding is a more complex assessment problem. 

C. 	Application of Agroclimatic Tools
 

These agroclimatic tools can be used to develop agroclimatic assessment
 

models including: 1) drought early-warning and crop condition assessments, 

2) crop monitoring to determine irrigation scheduling requirements and 3) land 
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and water resource management applications. Examples of these models and their
 

application are provided in this report.
 



CHAPTER IV
 

ANALYTIC RESULTS
 

A. Overview
 

Four major types of agroclimatic analyses for Senegal were performed
 

including: 1) investigating and evaluating various methods for estimating
 

potential evapotranspiration, 2) estimating soil moisture and calculating the
 

Palmer Drought Index, 3) developing historic agroclimatic/crop condition indices
 

for use in assessments and 4) developing preliminary statistical climate/crop
 

yield models for cowpeas, millet, maize and groundnut crops in Senegal. The
 

PET results are discussed in this chapter. The agroclimatic/crop condition
 

indices and statistical modeling results are discussed in Chapter V. The use of
 

crop index models, statistical models, soil moisture and other assessment tools
 

for making assessments are discussed in Chapter VI. The following summarizes
 

the types of analysis.
 

1. Potential Evapotranspiration
 

The methods for estimating PET discussed in Chapter III were investigated
 

using mean monthly data for the following three stations: Dakar, Saint Louis
 

and Ziguinchor. The goal was to investigate the "appropriate" method for esti

mating PET in Senegal. 

2. Soil Moisture and the PDI
 

The results of the PET analysis were used to estimate moisture using the
 

Palmer two-layer model and then to calculate the PDI. The soil moisture esti

mates are integral to the assessment program. The PDI shows promise as a poten

tial index for monitoring climatic conditions at individual stations.
 

3. Agroclimatic/Crop Condition Indices
 

These indices are based on monthly rainfall data at synoptic stations and
 

represent primary tools for assessing drought impact in Senegal.
 

36
 



37 

4. Statistical Models
 

These preliminary models require test and evaluation and should be used with
 

caution.
 

B. PET Results
 

Figures 4.la-c show the monthly mean PET estimates obtained from the Pernan, 

Thornthwaite and Hargreave's methods using data at Dakar, Saint Louis and 

Ziguinchor. The monthly mean rainfall data is included for cmparison. 

In general, PET estimates during the dry season are larger than PET in the wet 

season. The methods tend to show the least scatter during the wet season. 

The general relationship between PET arid rainfall suggests general moisture 

supply and demand relationships for the crops: rainfall greater than ET 

usually suggests moisture excess while rainfall below PET usually suggests 

moisture deficits. The diagrams show why crops are grown in the wet season and 

why irrigation is needed in the dry season. Growing season rainfall is more 

than adequate at Ziguinchor (Figure 4.ic) but crops probably experience some 

drought stress at Dakar (Figure 4.la) particularly at the beginning of planting 

because rainfall does not exceed PET till about the middle of July. On the 

other ha.d, agriculture in Saint Louis is not practical as there is a moisture 

deficit during all months except August (Figure 4.lb). 

Table 4.1 shows the ratios of Penman, Hargreaves and Thornthwaite PET to pan
 

evaporation and 80 percent of pan evaporation lor Dakar, Saint Louis and
 

Ziguinchor. Sample plots for Dakar are shown in Figure 4.2a-b. These ratios
 

suggest how the methods can be adjusted if pan is used as a reference criteria.
 

In this case, 80 percent o* pan evaporation is used as the simplest ET model.
 

In general, Penman and Hargreaves PET estimates are below pan values. However,
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PET RATIOS
 

DAKAR, SAINT LOUIS ANr ZIGUINCHOR 

STATION=DKR------
 -

09S HON RPF RPIE RHE P., ..- PT_ PT'AE
 

1 1 0.77811 0.97264 0.73263 0.91579 • 0.50Y07 0.63633
 
2 2 0.88682 !.10852 0.87859 .09824 0.539? 6.67403

3 3 0.97277 .1597 0.96918 f12 0.50''. 0.62809 

4 4 .94604 k.8;55 0954 4 I.193 0:.44,092 0.56,248
5 1.22994 .5743 .09369 11 0.92t1 1.15
 

6 6 0.92-53 1.15816 0.96646 .20807 0.87015 1.08769
 
7 7 0.98004 .29505 .0849S .356/5 0.969 1 7
 
a 8 1.01363 04 .183t 3787 1.08371 135464
 
9 0.97890 1.22362 .7.9 .32224 1.14375 1.42994
10 10 	 0.89539 1.11923 0.94288 1.17860 I.090H4 1.36355
 

0.81585 .0 982 0.80296 n8358 0.90b9 0.36
0.74975 719
1 .9 0.6803 8 029 0,*555. . 9
 

STATION=STL ----------------------------------


Os mON RPE RPRE RH_E RH:AE RT-t PTAAF
 
S105A92 1365 .93403
0747J3 	 n 58d76 .71S95

0.93664 1.708 0 0.802 6 
 .00320 0 5?e74 0.65341
0.92844 .1605S 0.86219 .07774 0.45318 0.56641 

16 4 	 0.90276 1.12844 02R66 .28582 0.43111 0.51889 
0.93326 1.1658 14 f.42726 0.5J44 0.65430
.96956 .2695 1.20 .Sr 0.8 s .06R91
 

19 7 .02061 .27576 .229 0 1.53o62 0. 9 8,03 1.2371
 
20 a 00880 1.26100 .20360 .50200 084.3 1.35566

2 19 0.99767 	 .46125 1.45184
.24709 .16900 	 1./6307


10 0.99853 .24817 1.03 7 .28909 1.07d?9 1.34786
23 0.90567 .13208 0.89250 .11563 0.84t70 1.05338
24 0.92132 1.15415 0.71829 0.89786 0.655S6 0.81945
 

STATInN=ZIG ----------------------------------


OBS PON RPE RPBE RHE RH_8E RT-1' RT
1'8E
 

25 1 0.67861 0.84R26 0.66501 0.83127 n.53931 0.67413
 
26 2 0.71442 0.89302 0.75 16 0.93895 G.74eO9 n.92762
 
27 3 .6257 	 12 ~ '7n.40 Q.88 134 

8 4 0.90915 1.13644 0.95O 8308.8 7 .9546
 

30 1.04358 1.30448 |.1278O *0975 3

M 6 !.30119 1.62649 1.38491 .73114 578 1 1.97101
 

7 1.iRJ7 :146 J:J11~4 .64393 2.2o
 
9 .99420 .492 5 2.49457 1.|1822 49943 3.1229
 

34 10 1.82327 2.27908 2.18670 2.73338 2. 5145 3. 4931
 

36 11 07303 0.96628 1330.7429494 4.66774.92868 076 .88846
S j68h7 4.83984
 

Table 4.1 	 PET Ratios for Dakar, Saint Louis and Ziguinchor.
 
(RPE=F/E, RP_8E=P/.8E, RHE=H/E, RH_8E=H/.8E,
 
RH E=T/E and RT 8E=T/.8E).
 

http:8E=T/.8E
http:RH_8E=H/.8E
http:RP_8E=P/.8E
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FIGURE 4.2a 	 Comparison of Mean Monthly PET Ratios (P=Penman/Pan,
 

H=Hargreaves/Pan and T=Thornthwaite/Pan) for Dakar.
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Thornthwaite PET estimates are frequently greater. The Thornthwaite estimated 

PET values are well above pan during the wet season and well below pan during 

the dry season. Penman and Hargreaves PET compare favorably with 80 percent of 

pan evaporation; however, there are some local differences. For example, in
 

Ziguinchor all three methods overestimate PET during the rainy season
 

(June-October).
 

Some comments are in order. The large variability of PET during the dry
 

season as compared to PET variability during the wet season seems to be asso

ciated with temperature variability. For example, during the rainy season, sta

tion mean temperatures vary by about 2-3°C from year-to-year, but as much as
 

6-7°C during the dry season. Evaporation rates are also higher during the dry
 

seasons (5-6 mm per day) compared to the wet season (4.3 mm per day).
 

Preliminary finding include:
 

1) 	The adjusted pan evaporation and Penman method appear to be acceptable
 

models for estimating PET in Senegal. The Hargreaves method produces
 

the next best results and the Thornthwaite method probably under

estimates PET during the dry season and overestimates PET during the wet
 

season. Both the Hargreaves and Thornthwaite methods should be used
 

with caution. In higher elevation stations, the Thornthwaite method
 

underestimates PET throughout the year.
 

2) 	Mean PET values can probably be used instead of individual calculations
 

for many applications, e.g., soil moisture budget calculations.
 

Rainfall is much more variable than PET or Pan.
 

3) 	 PET can be estimated at data sparse locations by adjusting estimated 

PET's with the ratios of PET to pan or by interpolating PET and 

accounting for elevation changes. 

4) 	Local station characteristics must be considered when interpolating or
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estimating PET for soil moisture or land use studies.
 

5. 	 In many locations runoff during the rainy season is very high, reaching 

600 to 1,000 mm per month. This excess of water causes plant nutrient 

losses by soil leaching, soil erosion on hillsides and eventually 

flooding in lowlands.
 

C. 	Climatic Diagrams
 

The monthly means of PET (Penman Method), estimated actual evapotranspira

tion (AET) and rainfall at each agrometeorological station were plotted as shown 

in Figure 4.3a-c. The values of NET were determined from the Palmer two-layer 

model. Such plots are called climatic diagrams. 

The climatic diagrams illustrate the general water supply (precipitation) 

and the actual water demand (AET); hence, general periods of water deficit or 

water surplus are indicated. The diagrams represent one tool for application in 

land use studies. For example, in Figure 4.3a, the climatic diagram for Dakar 

suggests that water is adequate for plant growth during June through 

mid-September. There is a long period of water deficit between October-May. 

The diagram also provides general information on the growirg season at Dakar. 

Planting should begin during June to avoid water deficit problems. Figure 4.3b 

shows that at Saint Louis, the water supply exceeds the demand during May 

through August. On the other hand, at Ziguinchor (Figure 4.3c) the growing 

season lasts from May-October and the station also has a large surplus. 

These diagrams could be made more useful if monthly means soil moisture esti

mates were included. As previously discussed, the diagram could be determined
 

for a particular crop by using crop coefficients. Finally, diagrams can be
 

determined for other time periods such as decadal or weekly intervals. The
 

diagram can be calculated each season for use in assessments and making analysis
 

for irrigation scheduling.
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FIGURE 4.3a 
 Climatic Diagram for Dakar Showing Normal Precipitation
 
(R), Potential Evapotranspiration (P) and Actual
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The climatic diagrams should be used along with other agroclimatic tools for 

assessing climatic impact or in land and water resource management studies. For 

example, the diagrams camplement agroclimatic/crop condition index models and 

statistical crop yield forecast models used for assessing climate impact on 

crops. There are also many different tools for application to land and water 

management questions. For example, the R-Index has been widely used in land 

suitability studies. 



CHAPTER V
 

CLIMATIC IMPACT ASSESSMENT MODELING RESULTS 

Climatic impact assessment models which were developed for Senegal 

include: 1) agroclimatic/crop condition indices for rice and maize, 2) soil 

moisture assessment procedures and 3) statistical climate/crop yield forecast 

models for peas, millet, maize and growidnuts. These assessment models are 

based on relationships which reflect the biological (or agronomic) response of 

the crop to moisture and temperature anomalies during the growing season, par

ticularly during the critical flowering/reproductive crop stages. Although all 

the models require thorough test and evaluation, they provide a solid foundation 

for assessing climatic impact on crops during the growing season. 

This chapter includes information on the history of crop yield modeling,
 

analytic steps for model development, discussion on the proposed assessment
 

models for Senegal and suggestions for test and evaluation of the models.
 

A. Background
 

During the decade of the 1970's, significant advances were made in the devel

opment and application of climatic impact assessment models for agriculture.
 

The success of this applied modeling is associated with the increased availability
 

of computers which permitted scientist to develop the models plus the critical
 

need for climate impact information. Decision makers, planners and economists
 

have come to recognize that this approach can provide timely, reliable and yet
 

inexpensive information concerning climatic impact on crop yields and agri

cultural production. It has become recognized that these models can supplement
 

and complement other information sources, e.g., crop information sources
 

including farm and marketing reports, probability surveys involving area frame
 

analysis, census, demand side economic analysis and others.
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Models are also being used to provide early warning of potentially
 

disastrous food shortages resulting from severe drought. For example, the
 

United Nations, Food and Agricultural Organization (UN/FAO) and the U.S.
 

National Oceanic and Atmospheric Administration, National Environmental
 

Satellite, Data and Information System, Assessment and Information Services
 

Center (NOAA/NESDIS/AISC) are two organizations involved in this type of effort.
 

The AISC program provides support to the Office of U.S. Foreign Disaster
 

Assistance, Agency for International Development (AID/OFDA).
 

1. Types of Crop Yield Models
 

There are essentially three types of crop yield models: 1) statistical 

climate/crop yield models, 2) agroclimatic/crop condition index models and 3)
 

the phenologic or "process" models.
 

The statistical model is based on multiple linear regression analysis using
 

historic climatic data and crop yield. These models provide absolute yield
 

forecasts. Statistical models have been developed or at least attempted for
 

many geographic regions in the world, particularly major grain producing areas.
 

Some of the crops modeled include wheat, maize, barley, soybeans, sorghum/millet,
 

rice, cotton, sunflower, fla,, groundnuts, sesame, sugarcane, oil palm and
 

others.
 

The second type of model is the agroclimatic/crop condition index which is
 

also based on historic climatic data. This approach has become increasingly
 

popular to assess crop conditions and to obtain relative crop yield information.
 

The index is based on an agroclimatic variable such as cumulative precipitation,
 

PET, ET/PET, soil moisture, and others directly associated with the year-to-year
 

variations in crop yield. The index provides a measure of climAitic impact on
 

the crop, particularly for drought impact asseissment.
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The agroclimatic variable on which the index is based could be viewed as that 

predictor variable which would produce a statistically significant regression 

model, if reliable yield data were available. The choice of the proper agrocli

matic variable can be determined by: 1) -knowledge of those climatic conditions 

which determine yield, particularly in marginal, semi-arid production regions 

where crops are rainfed, 2) information on the appropriate variables determined 

by regression analysis for similar regions and 3) episodic event data on the 

historical causes (both weather and non-weather factors) of crop failure or 

bumper crops. For example, published reports, newspaper articles, discussions 

with farmers and other sources of information can be used to assemble these 

qualitative accounts for many different years. Episodic data can also be used 

to interpret or "calibrate" the indices for a particular region. For example, 

the index can*be computed from 20-30 years of historic climatic data and plotted 

as a iime-series. The values of the index are entirely relative and can be 

expressed in raw numbers, percent of some base year, percentiles, standard
 

deviations, etc. Episodic reports on the failure of crops due to drought may
 

suggest, for example, that "historicplly crop failure is associated with index
 

values which are below the 20th percentile or equivalently 60 percent of
 

normal." 

The third type of model is the phenologic or "process" model which is based
 

on plant processes such as photosynthesis. Although these models are still in 

the research and development stage, they show promise. They were designed pri

marily to simulate the growth and development of a plant, for example, cotton, 

maize, wheat and sorghum. The models have been used as a farm management tool, 
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for example, to examine various strategies for increasing production. The
 

models are being tested to determine if they can be used tn provide assessment
 

information on crop phenolcjy and relative yields for a large area such as a
 

province. The models work best in the regions where they were developed, but
 

potentially can be adapted for application in other areas.
 

2. Applications
 

The statistical crop models and the agroclimatic/crop condition index models
 

are primarily drought impact models. Excessive moisture or flooding conditions
 

are usually quite difficult to model. However, a skilled analyst can use the
 

models to provide very useful crop yield information. The capabilities (when
 

the model works) and limitations (when the model does not work) of the model
 

must be used as guidelines for interpreting the output of the model.
 

Statistical climate/crop yield models can be used for other applications.
 

For example, long-term records of climatic data can be used to simulate yield 

well beyond the period of record for observed yield data. Yield is an integra

tor of climate and the model converts climate data into simulated yield. 

Simulated yields can be used to determine the risk of crop failure, estimate 

probabilities of crop failure (2 or 3 consecutive years, etc.), estimate various 

probaL ities for simultaneous crop failure in two or more regions and in the 

analysis oi "imatic trend. For example, an ofte overlooked fact is that 

trends in yield or production can also be associat, . with long-term trends in 

rainfall. Sometimes trend in yield due to climate trend can also be associated 

with trend in yield due to improved technology or decreased soil fertility. 

Steyaert, Achutuni and Ravelo (1979) used a statistical crop yield model to
 

investigate the vulnerability of maize to drought in Haiti due to soil erosion.
 

They found that soil erosion (associated with deforestation) and the reduced
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water holding capacity of the soil resulted in increased vulnerability of maize 

to drought, i.e., shallo, soil cannot store as much water to carry the crop 

through dry spells. 

Crop yield models can be important tools for land use studies or analysis of 

climatic change. (What happens to yield if rainfall decreases by 50 percent?) 

The models can increase awareness and knowledge about those climatic conditions
 

which affect yield. Finally, the models can in some cases be used as a basis
 

for farmer's advisories, e.g., recommended planting date, irrigation scheduling,
 

and fertilizer applications (see Steyaert et al, 1981).
 

B. Analytic Steps to Model Development
 

Year-to-year changes in crop yield can be caused by weather events (frost, 

flooding, winds, etc.), climate (drought, anomalously "wet" years, low solar 

radiation, etc.), management decisions (planting date, weed and pest control, 

water control, tillage practices, etc.), ar./or technology (variety, fertilizer 

and pesticide applications, irrigation, etc.). These factors plus soil determine 

the potential yield. Trends in yield can be associated with either changes in 

technology (e.g., increased technology impact e Lch year), trend in climate or 

both. 

The above factors suggest the need t"r several different types of data 

bases: meteorological, crop statistics (area, yield and production), technology 

data and episodic data as previously described. Detailed information on crop 

calendars and agricultural practices are also necessai'y.
 

The first requirement Is to asF :.ble the available data and thoroughly per

form quality control checks. The reliability and adequacy of meteorological and
 

yield data must be determined. Too much emphasis cannot be placed on this step.
 

The modeler must become very familiar with agricultural practices and the 
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factors which cause yield variability. The candidate predictor variables, role
 

of technology, and significance of decadal, monthly or seasonal predictor
 

variables must be determined.
 

In the traditional statistical climate/crop yield models, the basic predic

tor variables are monthly precipitation, temperatures or derived indices such as
 

the R-lndex. If technology has caused a time trend in yield, a time or year
 

term has traditionally been used as a surrogate variable for technology. The
 

time trend variable can be included as a predictor variable in the model
 

development.
 

Scatter diagrams and linear correlations are used to select preliminary pre

dictor variables which must be statistically related to yield as well as biolog

ically related to the crop. Linear regression analysis is used to develop the
 

model. The final models must be tested and evaluated.
 

Scatter diagrams and linear correlations are used to select preliminary pre

dictor variables which must be statistically related to yield as well as biolog

ically related to the crop. Linear regression analysis is used to develop the
 

model. The final models must be tested and evaluated.
 

Some of the advantages and disadvantages of statistical climate/crop yield
 

models are:
 

Disadvantages
 

1) They use a fixed crop calendar, i.e., it is assumed that the planting
 

and vegetative growth stages, etc., occur at the same time each year.
 

Therefore, if a delay in planting occurs, the model may not be able to
 

respond.
 

2) Monthly data are often used. Crops arr also responsive to more frequent
 

changes in the weather or climate.
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3) 	Shorter period weather phenomena, especially episodes such as extreme
 

temperatures, high winds, freeze, or flooding cannot be modeled very well.
 

4) 	Episodes usually do not occur frequently enough to do a quantitative
 

analysis.
 

5) 	Regression models tend to predict "close to the mean yield" and do not
 

predict extremes very well. The models should not be used to predict
 

independently outside of the range of data.
 

6) The models use linear trend as a surrogate for technology. If not
 

objectively specified, the trend term can be very misleading in the
 

Linear trend is used because the
development and use of the model. 


technology data are generally not available or are of low quality.
 

Furthermore, no one has devised a statistical method of combining
 

weather and technology data.
 

7) 	Future climate/crop relationships may change from historical rela

tionships used to develop the model. For example, varieties could
 

change such as traditional varieties to high yielding varieties. The
 

climatic responses could be different.
 

Advantages
 

1) 	These models are based on the statistical/agronomic/physical signifi

cance between the climatic data and crop yield data. Physical signifi

cance means that any weather or climatic variable used in the model has
 

a high degree of biological relationship with the known effect on the
 

crop.
 

2) Models represent straight-forward relationships that make minimal
 

assumptions and permit the yield data and climatic data to define the
 

model according to historical interrelationships. They make the maximum
 

use of historical climatic data and yield which is an integrator of cli

mate.
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3) 	 The models are inexpensive to operate and produce useful information, 

particularly if they are evaluated according to strengths and weaknesses 

along with other crop yield or crop condition forecast procedures. The 

models should be used to supplement other sources of information. 

C. 	Agroclimatic/Crop Condition Indices
 

Agroclimatic/crop condition indices based on the GMI and YMI were developed 

for assessing drought impact. The GMI was calculated for each of the 8 

meteorological stations indicated in Figure 2.1. The YMI for main season maize, 

rice, cowpeas, millets and groundnuts was also calcuated at these saiue stations. 

Both indices should be used in preparing the climatic impact assessments. 

1) 	Generalized Monsoon Index (GMI)
 

This monsoon index is based on June through September monthly precipitaticn
 

data. The weights for each month are: 0.125 for June, 0.125 for July, 0.50 fc
 

August and 0.25 for September. The index is accumulated at the end of each
 

month.
 

The 	monthly rainfall data (P1 = Jan, P2 = Feb, etc.) and the associated
 

sample means (NPl = Jan, NP2 = Feb, etc.) from the period of record for the 

meteorological stations are indicated in Table 5.1. These data are also listed 

by station. 

Table 5.2 shows the calculated GMI for 1979 at these stations. The GMI is
 

expressed in millimeters at the end of each time period (GMI6, GMI6 7, GMI6_8
 

and GMI6 9). The "normal" (i.e., sample mean) GMI at each period is provided:
 

NGMI16 at the end of June, NGMI6 7 at the end of July, etc. The percent of
 

norral GMI for 1979 at each station is shown: PNGMI6 for June, PNGMI6 7 for
 

July, etc. The 1979 GMI values at each station are also expressed in percen

tiles which were determined from the historic record at each station. The per

centile variable is PLGM16 for June, PLGMI6 7 for July, etc.
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TABLE 5.1 	 Observed (P1,P2, etc.) and Normal (NPI, NP2, etc.) Station
 
Rainfall (mm) for 1979.
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TABLE 5.2 Generalized Monsoon Index Analysis During the 1979 Rainy Season 
for Stations in Senegal. 
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Table 5.3 shows the GMI at Ziguinchor for each year during the period
 

1951-1981. The variables named are the same as in Table 5.2 and the values for
 

1979 at Ziguinchor agree in both tables. Tables similar to Table 5.3 have been
 

developed for other stations and there are provisions at the bottom of each
 

table for calculating the GMI to make assessments during the period after 1981.
 

Figure 5.1 shows the time-series plot of the GMI (expressed in percentiles)
 

at Ziguinchor during the period 1951-1981 and at the end of each assessment
 

month (6=June, 7=July, etc.). Similar plots have been developed for the other
 

stations. This graphical plot is a most useful way to view the year-to-year
 

variations of the GMI at a particulai- station.
 

For example, the percentiles of the GMI at the end of June, July, August and
 

September during 1980 at Ziguinchor were all below the 10th percentile. This 

suggests extremely dry conditions during the growing season, possibly severe 

drought impact at Ziguinchor. Episodic event data can be used to verify these 

conditions. The GMI for 1979 suggests good monsooal conditions during June and 

July, but below normal conditions during August and September. Because the GMI 

at the end of the heavy monsoon rainfall months of August and September is about 

the 25th percentile in 1979, there is a suggestion of moderate drought impact. 

The GMI is primarily designed to assess drought impact. However, GMI values 

about the 80-90th percentiles may be indicating flooding situations. These need 

to be verified by using episodic data and local experience. 

One of the primary tasks to be accomplished during test and evaluation is
 

the "calibrated interpretation" of the GMI (this also applies to the other index
 

models). Again, episodic event data and local (xperience are useful guides. A
 

preliminary criteria for the critical thresholds for interpeting the GMI could
 

be: 1) 90-100th percentile range for possible excessive moisti,-e; 2) 60-90th
 

percentile range for possible above normal crops, 3) 40-60th percentile range
 

for normal crops, 4) 30-40th percentile range for moderate drought impact on
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TABLE 5.3 Historical Generalized Monsoon Inde (Southwest) Analysis for
 
Ziguinchor.
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FIGURE 5.1 GMI (Southwest) Percentile Ranks for Ziguinchor.
 
(6=GMI at the end of June, 7=GMI at the end of July,
 
8=GMI at the end of August and 9=GMI at the end of
 
September).
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crops, 5) 20-30th percentile range for drought impact on crops and 6) somewhere
 

in the 0-20th percentile range there could be severe drought impact and possibly
 

crop failure. The GMI was defined for June-September rainfall conditions in
 

Senegal.
 

2. Yield Moisture Index (YMI)
 

The YMI was determined for main season maize, rice, cowpeas, millets and
 

groundnuts using crop calendar information, estimated crop coefficients for
 

Senegal and monthly rainfall data at the same stations used in the GMI anal

ysis. Although maize and rice were chosen, the YMI for other crops that are 

susceptible to drought could have also been used. AISC has usually defined the 

YMI for short-cycle crops such as rice, maize, beans, sorghum, millet, etc., 

that are vulnerable to drought. Long-cycle, drought resistant crops such as
 

cassava, cowpeas, etc., are not easily assessed by this index technique.
 

The YMI is directly analogous to the GMI; however, the YMI is crop specific
 

and the GMI pertains to general crop conditions for crops planted during June.
 

The following tables and figures are directly comparable to those discussed
 

under the GMI.
 

YMI/Maize
 

The YMI for maize was defined for planting in June, vegetative stage in
 

July, flowering/reproductive stage in August and maturity in September. The
 

preliminary crop coefficients for each of these crop stages are 0.35 for
 

planting, 0.50 for vegetative, 1.05 for flowering and .55 for maturity. The YMI
 

is accumulated at the end of each stage. The index value and its relationship
 

to potential drought impact on the crop becomes most reliable at the end of
 

maturity.
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Table 5.4 shows the station-level yield moisture index (YMI) analysis for
 

maize during 1979. The index is expressed in millimeters at the end of planting
 

(YMI6), vegetative (YMI6 7), flowering (YMI6_8) and maturity (YMI6 9) stages.
 

"Normal" (or sample mean) values of the YMI are indicated, e.g., NYMI6 at
 

planting etc. The percent of normal values (PNYMI6 at the end of planting, 

etc.) are indicated. Finally, the percentile values for each crop stage (e.g., 

PERC6 for planting) are also provided.
 

Table 5.5 shows the historical YMI analysis for maize at Kedougou. The 

index values were computed at the end of each crop stage. Figure 5.2 is a 

historical plot of the YMI for maize. The index values are expressed in percen

tiles at the end of planting ("P" in Figure 5.2), vegetation ("V"), flowering 

("F") and maturity ("M") stages. The 50th percentile corresponds to the mean 

index value.
 

The percentile value at the end of maturity also suggests relative maize
 

yield, i.e. the maize yield relative to yield in other years. This type of
 

index information can be converted into an estimate of absolute crop yield.
 

However, this requires assumptions that are usually very subjective. Therefore
 

crop condition assessments should be confined to statements based on relative
 

yield information (i.e. percentile, percent of normal index etc.). It should be 

noted, however, that percent of normal YMI does not equate to percent of normal 

yield. 

YMI/Rice 

The YMI/Rice analysis is similar to the YMI/Maize except for the crop calen

dar and crop coefficients. These include: 1) transplanting in June with a crop 

coefficient (KC) of 0.65, 2) vegetative stage in July with a KC of 0.85, 3) 

late (lag) vegetative stage in .ugust with a KC of 1.10, 4) flowering in 

September with a KC of 1.20 and 5) maturation in October with a KC of 0.95. 



SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: MAIZE 

CROP COEFFICIENTS: 	 KC1=O. 35/Planting/June 
KC2=O.50/Vegetation/July 
KC3= 1.05/Flowering/August 
KC4=0.55/Maturity/Septenber 

------	 COUNTRY=SENEGAL CROP=MAIZE YEAR=1979 -------------------


STANAME YMI6 NYMI6 PNYM!6 
 PERC6 YM6_7 NYMI6_7 PNY416_7 PERC6_7
 

DAKAR/YOFF 26.25 3.6242 724,299 96 67.25 42.011 160.076 
 75
 
DIOURBEL 24.50 12.2733 199.620 
 83 74.50 76.223 97.739 58
 
KAOLACK 31.50 17.9177 175.803 84 93,00 89.418 104.006 56
 
KEDOUGOU 53.20 55.0383 96.713 46 114,70 189 508 60.525 7

KOLDA 16:45 44.9448 36 60 13 100.95 181:8 8 5t.519 10
 
MATAM 1.75 11.0194 15.881 17 57.25 69 369 82.529 35
 
YUNDUM 48.30 22.9758 210,221 93 160.30 154.859 103.513 54
 

STANAME YM16-8 NYMI6 8 PNYMI6-5 PERC6_8 YMI6-9 NYM16'19 PNYMIo,,'9 PERC6_9
 

DAKAR/YQFF 153.35 236.6 64 El140 J5 190.20 3JI.761 59.1121 15
DIOURREL 203.65 306.298 66.4918 19 ~38.85 410,283 58. e i 9 9 
KAOLACK 266.25 357.777 74.4178 	 312.45 459.155 68.0489
31 	 12

KEDOUGOU 402,40 525 127 76.6292 18 472.80 680.731 69.4549 9
 
KOLDA 393.90 557:343 70.6746 502.25 718.872 69.86b4
13 	 10
 
MATAM 138.10 224069 616327 156.80 284.055 55.2006 2
YUNDUM 469.00 608:242 77.1075 498.15 770.871 64.6217 13 

TABLE 5.4 1979 Yield Moisture Index Analysis for Maize 
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SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: MAIZE 

CROP COEFFICIENTS: KC6=0.35/Planting/June
 
KC7=0.50/Vegetation/July
 
KC8=1 .05/Flowering/August
 
KC9=0.55/Maturity/September
 

COUNTRY=SENEGAL 
 CROP=MAIZE STANAME=KEDOUGOU.........-.---.
 '
 
YEAR YMI6 NYMI6 PNYMI6 PERC6 
 YM16'7 NYMI6_7 PNYMI6_7 PERC6_7
 
1968 44.45 55,0083 26
80.806 	 172.45 189.508 90.999 30
1969 58.45 55.0083 106,257 69 226.95 189,508 
 119.757 76
1970 44.45 55.0083 80.806 
 26 199.95 189.508 1o5.510 61
197 53.3 55.oo83 
 97.349 53 152 55 189.508
1972 36, 5503 66.808 	 80.498 15
7 17075 189.508 90.102 23
1973 54.25 55.0083 98.621 	 227.?5
61 	 189.508 119.916 84
1974 47.60 55,0083 86.S32 
 38 245.60 189.508 129.599 92
1975 	 0 
 55.0083 .189.508
1976 68.60 55.0083 124:708 	 194:10
7t 	 189:508 102:423 46
1977 	 a 5.0083 * 189.908

1978 83.65 55,0083 152:068 92
1979 53:20 	 188:15 189.508 990:gQ3 3A
55,0083 96.713 46 114.70 
 189.508 6U .527
1980 74 20 55.0083 134.889 84 214,70 189.508 113.293 

7
 
1981 40.95 55.0083 74.443 15 	 69
194.95 	 189.508 10?.871 
 53
 
YEAR YMI6-8 NYM16-8 PP'YM6_8 PERC6_8 YMIb6,9 
 NYM16-9 	 PNYMI59 PERC6ih9
 
1968 493,75 525,127 9'#,025 36 662.05 680,731
1969 491.5 525.127 93,606 	 97,256 27
27 669.75 680.731 98.3i7
970 596. 525.127 113.658 63 	 36
709.05 680.731 104.lbO 54 
1971 525.127 . • 	 , 680,731
1972 	 525.127 
 680,731
1973 595.80 525.127 113:458 54 
 715:15 680.731 105:0t6 63
1974 626.75 525.127 119.352 
 90 782.40 680.731 114.935 81
1975 	 a 52S.127 
 680.731
1976 388.35 525.127 
 73:954 589:65 680.731 86:620 1A
 
978 2 278 11581 680. 73 j
8 792:95 680,73 16:45
1979 402 525127 
 76.629 18 472.80 680.731 69,4!5
1980 568:55 525 127 108.269 45 684.60 680 731 	

9
 
100.5b8 45
1981 600 25 525:127 114.306 72 778.45 680:731 114,355 72
 

TABLE 5.5 	 Historical Yield Moisture Index Analysis for Maize
 
at Kedougou
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SENEGAL
 
YIELD MOISTURE INDEX ANALYSIS: MAIZE 

PERC6 I 	 KEDOUGOU 
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FIGURE 5.2 	 Percentile Ranking of Historical Yield Moisture Index
 
for Maize at Kedougou by Crop Stage (P-Planting,
 
V=Vegetation, F=Flowering and M=Katurity).
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Table 5.6 shows the station analysis for YMI/Rice during 1979. Table 5.7
 

shows the historical index values for the station Ziguinchor in Senegal. The
 

percentile values of YMI/Rice are shown plotted in Figure 5.3.
 

YMI/Millet
 

The YMI/Millet was computed for stations representative of the millet area
 

in Senegal. The crop calendar and crop coefficient values for millet are as
 

follows: 1) planting in June with a KC of 1.0, 2) vegetation in July with a KC
 

of 0.55, 3) flowering in August with a KC of 1.00, and 4) maturity in September
 

with a KC of 0.45
 

Table 5.8 shows the station analysis of the YMI/Millet for 1979. The
 

historical YMI/Millet values for the station Linguere are shown in Table 5.9.
 

A plot of the YMI/Millet, expressed in percentile at the end of each crop stage,
 

is shown in Figure 5.4.
 

YMI/Cowpeas
 

The crop calendar and crop coefficient values for cowpeas in Senegal are as
 

follows: 1) planting in June with a KC of 0.35, 2) vegetative stage in July
 

with a KC of 1.05 and 3) flowering in August with a KC of 0.95. Table 5.10
 

shows the station-level YMI analysis for cowpeas during 1979. A plot of the
 

historical YMI/Cowpeas time-series for the station Tambacounda is shown in
 

Table 5.11. The percentile plot of YMI/cowpeas is shown ii.:igIre 5.5.
 

YMI/Groundnuts
 

The YMI/Groundnuts was computed for stations representative of the groundnut
 

region in Senegal. The crop calendar and crop coefficient values for ground

nuts are as follows: 1) planting in June with a KC of 0.35, 2) vegetative stage
 

in July with a KC of 0.65, 3) flowering in August with a KC of 0.95 and 4)
 

maturity stage in September with a KC of 0.55.
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SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: RICE 

CROP COEFFICIENTS: 	 KC6=O .65/Planting/June 
KC7=O .85 /Vegetation/July 
KC8=1. 10/Late Vegetation/August 
KC9=1. 20/Flowering/September
 
KC1O=O. 9 5/Maturity/October
 

- COUNTRY=SENEGAL
--- CROP=RICE YEAR2I979 ----------------------


N
T 	

SN p pN 
A 

N N P 
M 

YY E Y y
4 R M M 

A M 	 M M 
 I 
E 

OAKAR/yOFF 4R.75 6.73 7,299 
6 
96 

7 7 7 7 a 
11 8.45 71.989 164.540 75 	2 8.65
OIOURBEL 	 75.844
45.50 2 199.620 3 131 508 
 99.33 26580 3
IKAOLACK 58in50 .27 75.80 
 84 .0 5.210 5. 12 	56 34Z:55 435*96
KCoV~OU 3o.8 183:48 92.713 46 MO, 3jg.f8
L3NGUERE 27. 5 8.3'7 142.343 8. 4 01 o. 6.471 75o4.?5 8J.4go


2:[.30 

14ATAN 3.25 20.465 15.1 


)3 296
 
.17
3760 1 9.6o 81 565 3 	 182.30 11726
POOR1.05 
 10.181 98.1 64 
 11.90 52.45 
2 .82 
 4 * 0170
 

SUN 70 42.669 f 0.221 93 280.10 266.871 104.957 54 603.50 
741.843
 
JINCHOR 141.05 74:.247 189.975 90 
385.00 353.485 108.915 65 	R45.90 858.847
 

p p 9 p p

S N P 
 N N "
P 	 'A E 
T Y E y Y
y E M w Y AA M R H M M R 	 I M C 
NA I C
6 6 C6	 6E 
 g0 
 0
 

DAKARQYOFF T5.6407 40 218.05 461.6 .6j 4 18 79.O5 5 
 0 66 19|
DIOUeu L '1.3?23 	 426 5.4 
 15 '143:55 0
C 	 :16 ? 610.04O: I82 6
K 7 
 49 4405 657.S 67f 
19715 456 714.12 0.63
KEOOUGOU 730.96 	 98 9
0 9 6 0 1 64 
 6 9 9.5 184.b7 0.63275 1
S 67.8019 I 17.50 I 6O 99 
67.565 6 77.9 64.bb 0.64213
 
7ATA426437 0 4 
 77
M~UR 	 19
AM 	 331:10 41? 2: Z9
PODOR 257 2 6 340 273.2 7.9 	 12895,g6
41.50 2S143 297.:6 0:3843
 

SAINT LOUIS 51 159130 276 69. 4 18 93 209 .6 766 16

YUNOUM 
 3 6 0 10 60. 9 : 8
ZIGUINCHOR l9 5 	 .V3
0 3.10 1263.29 84.1 36 1 1 
62 1383.2 116 2
 

TABLE 5.6 1979 Yield Moisture Index Station Analysis for
 
Rice
 

http:POOR1.05


--------------- COUNTRY=SENEGAL CROP:RICE STANAME:ZIGUINCHOR --------------

p
N N1 PN 

p Y Y YE Y Y 
N N P M M MM HR 


Y Y' Y YE I I C
 
E M 4 R 6 6 66 
A I IC 
Q 6 6 66 7 7 77
 

1966 59.80 74.2468 80.542 48 206.85 353.485 58.517 12 721.65 K58.847 
1967 q1.00 74.?468 122.564 70 499.00 353.485 141.166 93 1291.00 H58.847 
1968 20.15 74.2468 27.139 6 246,25 353.485 69.663 18 275.95 H58.847 
1969 81.25 74.2468 109.432 59 363.45 353.485 102.819 56 839.75 858.847 
1970 41.60 74.2468 56.029 31 374.80 353.485 106.030 62 987.50 H58.847 
1971 46.15 74.2468 62.158 3 267.15 353.485 75.5T6 21 645.55 H58.847 
1972 54.60 74.2468 73.539 40 235.65 353.485 66.665 15 651.45 H58.847 
1973 57.85 74.2468 77.916 43 319.65 353.485 90.423 37 966.45 H58.847 
1974 19 50 74.2468 26.264 3 337.40 353.485 95.449 43 692.70 858.847 
1975 21:45 74.2468 28.890 9 330.85 353.485 93.59f 40 878.65 858.847 
1976 32.50 74.2468 43.773 15 280.70 353.485 79.4r,9 28 823.00 858.847 
1977 38:35 74.2468 51.652 28 171.80 353.485 48.602 6 432.50 858.847 
1978 12?.85 74.2468 165.462 84 467.95 353.485 132.382 84 967.35 858.847 
1979 141.05 74.2468 189.975 90 385.00 353.485 108.915 65 845.90 858.847 
1980 27.30 74.2468 36.769 12 165.00 353.485 46.678 3 341.00 H58.847 

p p N p P 
N P N N P Y y N E 
Y F Y Y Y F M M Y P 
MR H m 14 Cm I 

Y leC I I I C 6 6 1 6 
F 6 6 6 6 6 6 
A q T T I T 
p 9 9 9 0 0 0 0 

9
1966 84.Q25 21 1410.45 1263.29 1 11.64 68 1681.20 1383.o2 1.21507 80
 
1967 150.318 93 1843.00 126,29 145.889 96 2042.50 1383.b? 1.47620 96
 
1968 32.130 3 622 75 1263.2 49.296 3 751.00 1383.6? 0.54278 6
 
1969 97 76 46 1259.75 1263.29 99.720 50 146 .79 1383.t2 1.06153 58
 
1970 114.980 75 1348.70 1263.29 106.761 62 1406.65 1383.6? 1.01665 41
 
1971 75.165 12 1040.35 1263.29 82.353 18 1128.70 1383.6? 0.81576 19
 
1972 75.852 15 922.65 '263.29 73.036 12 968.25 1383.6 e.69980 12
 
1973 112.529 65 1272.45 1263.29 100.725 53 1318.05 1383.o? 0.95261 38
 
1974 80.655 18 1002.30 1263.29 79.341 15 1031.75 1383.6? 0.74569 16
 
1975 102.306 59 1443.85 1263.29 114 293 71 1492.3n 1383.b? 1.07855 61
 
1976 95.826 43 1n79.80 1263.29 85:476 25 1234.65 1383.o 0.89233 32
 
1977 50.358 9 695.30 1263.29 55 039 6 79e.90 1383.o? 0.57668 9
 
1978 112.634 68 1256.55 1263.29 99:467 46 141i.40 1383.b? 1.02008 45
 
1979 98.493 50 1063.10 1263.29 84.154 P1 1136.25 1383.o? 0.82122 22
 
1980 39.704 6 720.20 1263.29 57.010 9 749.69 1383.b2 0.54180 3
 

TABLE 5.7 Historical Yield Moisture Index Analysis for Rice at 
Ziguinchor 
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YIELD MOISTURE INDEX ANALYSIS: RICE 

PERC6 I 	 ZIGUINCHOR 
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FIGURE 5.3 	Percentile Rankings of the Yield Moisture Index for
 
the Rice Crop at Ziguinchor (P=Planting, V=Vegetation,
 



SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: MILLETS. 

CROP COEFFICIENTS: 	 KC6=0. 35/Planting/June 
KC7=0.55/Vegetation/July 

KC8=1.00/Flowering/August
 

KC9=0.45/Maturity/September 

------- COUNTRY=SENEGAL CROP=MILLETS YEAR=1979 ------------------

STANAME YMI6 NYMI6 PNYMI6 PERC6 YMI6-7 NYMI67 PNYMI6_7 PERC6_7 

DAKAR/YOFF
DIOURBEL 
KAOLACK 

24.25 
24,50 
3150 

3.6242 
12.2733 
17.9177 

724.299 
199.620 
175.803 

96 
83 
84 

71.35 
79.50
99.15 

45.850 
82.618
96.568 

155.616 
9b,226102.674 

75 
5454 

KEDOUGOU 
KOLDA 

20 
16.45 

55.0U83 
44.9448 

96.713 
36.600 

46 
13 

120.85 
109.40 

202.958 
195.516 

59.544 
5.954 

7 
1O 

LINGUERE-
MATAM 
PODOR 
TAMBACOUNDA 
ZIGUINCHOR 

15.05 
175 
5.95 

52 50 
75.95 

9.8790
11.019'+ 
k4 33 

34.9097 
39.9790 

152.343 
15,881

108.511 
150.388 
189.975 

68 
17 
4 
84 
90 

51.90 
62. 0 
6.50 

186.15 
233.80 

64.755 
75 204 
32,635

149 115 
220:663 

80.148. 
80.56 
19. 7 

124.837 
10b.953 

40 
35 
16 
87 
62 

STANAME YM16_8 NYM1618 PNYM'i6_8 PERC6_8 YMI6-9 NYMI6r9 PNYMIo&9 PERC6-9
 

DAKAR/YOFF 153.35 231,173 66.3357 28 183,50 300,850 60 9939 15

DI OURBEL 202.50 301.718 67.1156 22 231,30 386,813 59:79b3 9 
KALACK 264-15 a52.148 75. 011 31 3gi,9 435,894 69 99 18
KEDUUGOU 394.8 522.595 75.5s 1i 4 ~45 649.907 69. b11f6 9 
KOLDA 388.40 S53.150 70.2161 13 477.05 685.310 69.6108 10LINGUERE 174.90 210.787 84.3980 34 ?07.60 268, 69 77.4138 25
 

mTm13 .8Q 22J .538 6g. 8208 19 155.10 271.61 57 1Q? 12
 
PODOR 35.5 139.968 25.3629 6 61.60 178.608 34.482'5 3
 
TAMBACOUNDA 362.15 399.695 90,6066 31 397.25 501.555 79,2037 21
 
ZIGUINCHOR 652.80 680.082 95.9884 40 734.25 831.747 88.2781 25
 

TABLE 5.8 1979 Yield Moisture Index Station Analysis for Millets
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SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: MILLETS
 

LINGUERE
 

COUNTQY=SENE-----.-------- CRnP=MTLLETS 	 ---------------
AL STANAME=LINGUERE 


YEAR YMI6 
 NYM16 PNYM16 IJERC6 YM16_7 NYMIA_7 PNYMI6_7 PEPC6_7
 

1951 6.30 9.87903 63.771 51 '.7.00 64.7548 12,581 .1
 
19S2 8.75 9..87903 88.S71 62 98.95 64.7q48 15?807 75

1953 23.80 9.87903 24n.914 89 110.70 64.7548 1/n.952 93

1954 5.g5 9.87903 51.143 48548 4.:357 17

1955 31. 5 9.879o3 322.400 9S 1:4 0 :47548 1/7.438 96

1956 2.80 9.87903 28.343 25 47.90 
 11.971
19;7 2.45 9.879n3 24.803 1 67 64.754864.7548 eS.867 34
 

I9987903 201:943 a 
 06 474 3.661 5
 
959 32.20 9.8790' 325.943 96 102.60 64.7S48 i5H.4'4 q

1960 1.05 9.87953 10.629 9 102.25 64.7548 17.903 87
 

q6 . 0 0.87903 35. 9 32 100 64.7S48 -7.873
 
1963 t.30 9.87903 63.771 51 72.30 64.7548 111.652 65

1964 5.60 9.87903 56.686 43 89.75 64.7548 1IJ.600 71

965 16.10 9.87903 62.971 73 56. 5 64.7548 b6.866 46
 
966 23.80 9 87903 140.91'. 89 29 0 64.7548 14.28 12
 
1967 1.05 9:87903 10.629 9 89.05 64.7548 J7 .519 
 68
 
1968 3.50 0,8790 3 j5.429 32 43.65 64.7948 f7.408 21
1999 2. Q 22 	 1
9.87903 	 I7 64.7548 1b6. 127 84
9 0 6 	 9.87903 1.1 64:7548 3.15 56
1971 10:50 9.87903 106.2P' 6S 5b 15 64.7548 a .7i2 43
1972 16.10 9.87903 162.911 73 46.35 64.7548 11.578 28
 

YEAR YM16-6 	 NU68 PNYM16-8 PERC6_9 YM1649 NY41619 PNYMIb9 PERC6t9
 

1951 218.00 	 210.787 103.422 56 287.30 268.169 107.1J 56
 
1952 216.95 	210.787 102.924 53 342.5n 268.169 127.71H 78

1953 277.70 210.787 131.744 81 344.79 268.169 128.S 7 81

1954 298.15 210.787 141.446 84 348.10 268.169 129.80h 84

1955 319.90 210.787 151.765 90 373.90 268.169 139,4e7 ;o
 
19; 95.9 210.787 45,496 6 17.85 268.169 6,1.784 1
q7255.7 210.787 121.331 78 312.45 268.169 116.512 68
1958 351.65 	 210.787 166.827 93 381.80 268.169 142.3/3 93

1959 205.60 	 210.787 97.939 43 299.65 268.169 111.7JY 62
 
960 251.J5 j10.787 119.196 75 373.A5 268o169 139.3J4 87

961 24 .0 210.787 115.614 71 315.70 268.169 117.7e4
196e :41.00 210.787 66.W 18 159.0 268.169 o9.20 12 
1963 1h7.30 21n.787 79.369 28 209.60 268.169 78.1l0 28

1964 299.75 210.787 14J.205 87 3(A 60 268.169 27 3d2 75

1965 209i5. 210.787 q .271 50 275.40 268.169 10:6vb 53

1966 107. JO 210.787 50.904 12 168.05 268.169 62.6ah 15
 
1967 209.05 210.787 '9.176 46 299.n5 268.169 11l. 51 59
 

39.65 8 44.429 93 6gO586)1?:j68. 13 71h
0.787 740 144 AS SQ )6
q6 
1970 165. 5 0.787 78.634 25 301.20 268.169 112.311 65
 
1971 177.15 	 211.787 84.04 31 223.50 268.169 83.343 34

1972 119.35 	 210.787 56.621 15 139.60 268.169 52.0t 3
 

YEAR Y 1b 	 - NYM16 PNYMI6 PERC6 Y416*7 NYMI#,7 PNY'467 PERC6_7
 

1973 0.00 q.879o3 0.000 3 27.50 64.7548 .1.4b8 9

1974 2.10 9.87903 21.257 17 26.85
3 64.7548 41.464 6

1975 6. Q 9.87903 63.77 51 99.80 64.75;48 1b.10 78
1976 1.05 9.87903 10.62 43:951 64.7548 7.870 25 
1977 3.15 9.87903 31.886 28 33.40 64.7548 '1.579 181978 20 .J0 9.879n3 205.486 84 58.80 64.7548 40.804 50
 

15:05 9.87903 152.343 68 51.90 64.7548 en. 149 40 
7.QO 9.87903 70.857 59 6 .70 64.7548 17 .637 62
 

1981 1. 5 9.87903 38.071 37 69.30 64.7548 lu?.019 59
 

YEAR YM[6_8 	 NYMI6-8 PNYM168 PERC68 YM16-9 NY4I6-9 PNYMIbZ9 PERC61
1
9
 

1973 148.50 	 210.787 70.45) 21 186.75 268.169 69.039 21
1974 199.85 	 21n.787 94.81 40 235.85 268.16q 87.1048 37
 
975 229.80 210.787 109:026 65 262.65 268.169 97.P42 46
 
97 77950 j10.787 84422 37 219.80 268.169 81 .#6 31
1971 25.0 	210.787 106.933 62 2 . 268.169 91780 
 49
 
1978 99.80 210.787 47.346 9 14433 268.169 53.t28 9
9791 0 210787 84398 34 207.60 i6R.169 771.4

1980 35.70 210 787 111819 68 273.05 268.169 101. 20 0

1981 220.30 210.787 104.513 59 249.55 268.169 93.0i57 40
 

TABLE 5.9 	 Historical Yield Moisture Index Analysis for Millets
 
at Linguere
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SENEGAL
 
YIELD MOISTURE INDEX ANALYSIS: MILLETS 

PERC6 I 	 LINGUERE 

96 + 	 V p
93 * 	 V P A 
90 + P 1 V P
 
87 + M F
 
84 + 	 V p 

78 M P V. 
75 + V Fm 
72 + V P P
69 + M V P F
66 1 V MP F 

,,63 + p M F V-60 + 	 p 
57
r * H 	 V z 5 4 + F V 	 M

wS1 + P 	 P F P P V M
0 48 +Uj 45 * V F M 
I 42 + F P V 4

39 + P F V M 
36 + V M F p
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FIGURE 5.4 	 Percentile Ranking of the Yield Moisture Index for
 
Millets at Linguere (P=-Planting, V=Vegetative,
 
F=Flowering 	 and M=Maturity s:age). 



SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: COWPEAS 

CROP COEFFICIENTS: 	 KC6 = 0.35/Planting/June 
KC7 = 1.05/Vegetation/July 
KC8 = 0.95/Flowering/August
 

----------------- COUNTRY=SENEGAL CROP=COWPEAS YEAR=1979-------------------

STANAME YMI6 NYMI6 PNYML6 PERC6 YM16 7 NYMI6_7 

DAKAR/YOFF 26.25 3.6242 724.299 96' 112.35 84.237 
DIQURBEL 24.50 12.2733 199.620 83 129.50 146.568 
KAOLACK 
KEDOUCOU 
KOLDA 

31.50 
53,20 
16.45 

17.9177 
55.0083 
44,9448 

175.803 
96.713 
36.600 

84 
46 
13 

160,65 
182.35 
193.90 

168.068 
337,458 
332.400 

TAMBACOUNDA 52.50 34.9097 150.388 84 307.65 252.937 

STANAME PNYMI6-7 PERC6L7 YMI6_8 NYM16_8 PNYMib_8 PERC6_8 

DAKAR/YOFF 133,374 75 190.25 260.294 73.OV06 37 
DIOURBEL 88.355 45 246.35 354.713 69.4b04 32 
KAOLACK 
KEDOUGOU 
KOLDA 

95.586 
54.036 
58.333 

43 
7 

10 

317.40 
442.65 
458.95 

410.869 
641.113 
672.151 

77.2b(8 
69,0440 
68.2 o7 

31 
9 
17 

TAMBACOUNDA 121.631 84 474.85 490.989 9697130 37 

TABLE 5.10 1979 Yield Moisture Index Station Analysis for
 
Cowpeas
 



75
 

SENEGAL
 

YMI ANALYSIS: COWPEAS 

TAMBACOUNDA
 

YEAR YMI6 NYM16 PNY6416 PERC6 YM16.7 NYMI6_7 
1951 
195219; 

10.85 
63.3537.65 

34.9097 
34.909734.9097 

31.080 
181.4647g.J04 

9 
9040 

297.50 
P95.403fg on 

25e.937 
25e.9375-:3 

1955 12.60 34.9097 360n93 12 416.85 25e.937 
195695S7 
1958 

67.903 6. 40 
46b()O 

34.90973 .9097 
34.9097 

194.502n4.269
134.347 

96 311.501 7.5 
1 7 .o5 

25e.93725 e.g37
25e.937 

1959 
1960 

22.75 
26.60 

34.9097 
34.9097 

65.168 
76.197 

26 
37 

206.50 
191.45 

25e.437 
25e.937 

961 
962 
1963 
1964 

2b.25 
28.00 
3b.15 
49.70 

34.9097 
34.9097 
34.9097 
34.9097 

75 194 
802 07 
109.282 
1.2 367 

34 
45 
56 
81 

236.25 
P80.00 
?31.35 
247.10 

25. 937 
25e.937 
25e.937 
25e.937 

1965 
1966 
1967 
1968 

47.25 
67.20 
63.00 
22.75 

34.9097 
34.9097 
34.9097 
34.9097 

135.349 
192.497 
180.466 
65.164 

78 
93 
87 
26 

189.00 
234.15 
210.00 
242.20 

25e.937 
25e.937 
25e.937 
25e.937 

1969 
970 
1971 
1972 

2.45 
22.40 
42:70 
21.00 

34.9097 
34.9097 
34.9097 
34.9097 

67 173 
64.166 
122.316 
60.155 

31 
21 
62 
17 

281.75 
19g85 
263:20 
288.75 

25d 937 
25e:937 
25e.937 
25e.937 

YEAR PNYMI67 PERC67 Y4168 NYM168 PNYM46-8 PEPC6A8 

1951195" 
195' 

1954 
1955 
1956 
957 
1958 
1959 
1960 

117.6186 . 8
116.788 
JO .072 
83.025 
164.804 
13.153 

7.037 
77.905 
81.641 
75.69 

79 
75 
9n 
23 
96 
87 
29 
12 
18 
9 

532.15 
368.55 
502.85 
;88.10 
649.60 
595.55 
502.30 
504.85 
600.75 
454.60 

490.989 
49n.989 
490989 
490.989 
490.989 
49n.989 
490.989 
490.989 
490.989 
490.989 

108.383 
75.063 

102. 416 
119.779 
132.304 
121.296 
102.304 
102.823 
122.355 
93:5A9 

65 
5 

53 
73 
96 
78 
50 
56 
81 
34 

961 
1962 
1963 
1964 
1965 
1966 
1967 
q68
19691970 
1971 

1972 

93.40 
110.699 
91.465 
97.692 
74.*71 
92.572 
83.025 
95.755 
111.39119.012 
1 057 

114.159 

46 
62 
40 
53 
6 

41 
21 
50 
69 
S 

71 

626.70 
514.65 
622.75 
575.80 
602.2 
356.10 
409.50 
395.15 
479.39 
374.65 
588.10 
531.00 

49n.989 
490.989 
490.989 
490.989 
490.989 
490.989 
490.989 
490.989 
49n:989 
490.989 
490.909 
490.989 

12 .640 
1,.I9 
126.836 
117.274 
12961 

2.64 
83.403 
8 .4O 
9 :630 
76.3n5 
119.779
108.149 

Q0
59 
87 
68 
R4 
12 
25 
21 
40 
18 
7362 

YEAR YMI6 .NYM:6 PNYMT6 PERC6 YMI6.7 NYM16_7 

1973 
1974 
1975 
1976 
1977 
1978 

46.55 
21.00 
2g.08
4 .85 
43.05 
39.55 

34.9097 
34.9097 

. 34.9097 
34.9097 
34.9097 
34.9097 

133.344 
60.155 
80.207 
3 .39 
12.318 
113.292 

71 
17 
45 
6b 
65 
59 

256.55 
346.50 
299.95 
2230 
225.7 
P6.30 

25e.937 
25e.937 
25e.937 
25e.937 
25e.937 
25e.937 

979 
1980 
1981 

52.50 
35 

.I0 

34.9097 
34.9097 
34.9097 

150388 
1.003 

2b.067 

84 
3 
6 

307.65 
95 90 
220.15 

25e.937 
25e:37 
25e.937 

YEAR PNYMI6_7 PERC6_7 YM16_8 NYMI6-8 PNYMI6-8 PEPC6'8 

1973 
1974 
1975 
9? 
1977 
1978 

101.428 
136.99 
118 5'.7 
68 83 
89.251 
1 3:10 

56 
93 
q1
34 
37 
6 

453.2G 
649.55 
49.85 
?87.9o 
306.5n 
423.10 

4q0.989 
490.989 
q0.989

490.989 
49n.989 
490.989 

92.304 
132.P94 
100 175 
S8:627 
62.4 5 
86.173 

31 
93 
46 
6 
9 

28 
979
1980 
1981 

i 53.63
3191 
d7.037 

84 

29 

474.85
272.60 
485.20 

490.989 
49n.989 
490.989 

96 713
55"521 
98.821 

37 
3 

43 

TABLE 5.11 Historical Yield Moisture index Analysis 
for Cowpeas at Tambacounda. 



SENEGAL 
YIELD MOISTURE INDEX ANALYSIS: COWPEAS 

TAMBACOUNDA 

96 +m P 

93 + P
90 + P V87 + V lP84 + V
81 + M V 
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FIGURE 5.5 Percentile Ranking of the Yield Moiisture Index for 

Cowpeas at Tambacounda by crop stage (P=-Planting, 
V=Vegetation, F=Flowering and M=Maturity). 
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The YMI/Groundnuts station analysis for 1979 is shown in Table 5.12. The 

historical YMI analysis for groundnuts in Kaolack is shown in Table 5.13. The 

percentile plot of the YMI/Groundnuts index is shown in Figure 5.6. 

D. Soil Moisture Assessments 

The Palmer two-layer soil moisture budget model was used for illustrative
 

purposes to estimate soil moisture for stations shown in Figure 2.1. The
 

Thornthwaite method of PET was used in estimating the monthly soil moisture
 

budget. Table 5.14 is an example of the soil moisture budget for the station
 

Ziguinchor. A plot of the soil moisture for the years 1975-1978 is shown in
 

Figure 5.7.
 

The R-Index (AET/PET), Soil Moisture Index (SMI) and the Palmer Drought
 

Index (PDI) were also calculated for these synoptic stations in Senegal. The
 

indices are by-products of the soil moisture budgeting procedure outlined above.
 

The soil moisture estimates can be incorporated into the assessments. The
 

derived indices may also be useful in crop condition analysis. However, test
 

and evaluation must be performed. Specifically, the analysis is based on an
 

assumed water holding capacity (AWC) of 100.4 mm in the soil profile. Also the
 

Thornthwaite method of PET was used in the analysis. It is desirable to use
 

instead the Penman PET method data permitting. The implications must be care

fully evaluated.
 

E. Statistical Climate/Crop Yield Forecast Models for Senegal
 

Statistical climate/crop yield models were developed for peas, maize,
 

millet and groundnuts in Senegal. Although these preliminary models require
 

thorough test and evaluation, they are promising. Testing should include eval

uation of independent predictions for years not in the data base. The predic

tor variable in the models should be validated to ensure that they are biologi

cally related to the crop and reflect vulnerability of the crop to climate anom

alies which lead to yield losses.
 



SENEGAL
 

YIELD MOISTURE INDEX ANALYSIS: GROUNDNUTS 

CROP COEFVICIENTS: 	 KC6=0. 35/Planting/June
KC7=0. 6 5/Vegetat inn/July 
KC8=0.9 5/Flowering/August
 
KC9=0.55/maturity/September
 

COUNTRY=SENEGAL
--------	 CROP=GNUT 
 YEAR=1979- --------------------
STANAME YMI6 NYMI6 PNYMI6 PERC6 YMI6_7 NYMI6_7 PNYMI6_7 PERC6_7 


DAKAR/YOFF 26.25 3.6242 724.299 96 79.55, 53.527 148.615 75
DIOURBEL 24.50 12.2733 19S.620 83 89.50 
 95.408 9..807 51
KAOLACK 31.50 17.9177 175,803 
 84 111.45 110.868 180.525 46
KOLDA 16.45 44.9448 36.600 13 
 126.30 222,893 b.664 10
MATAM 1, 11=0194 15.881 
 17 73,90 86,874 8b.065 38
TAMBACOUNDA 52.. 34.9097 150.388
UNDUM 48. 	 84 210.45 169.879 12j.882 84
:3
UNC O 48.30 22 9758 210.21 93 193.90 194 424 99
Z GUINCHOR 75.95 39.9790 
 189:95 90 262.50 253.515 104.544
 
STANAME YMI6_8 NYM1628 PNYMI6-8 PERC6-8 YM16.9 NYMI6 
'9 PNYMIb2-9 PERC6"9
 

DAKAR/YOFF 157,45 229.584 68.58 06 25 
 19,034756725 	 5
DTOURBEL 
 206.35 303,553 67.97 82 25 	 315540.7485 6162 15
 
KAOLACK 
 2b8.20 353.669 75.8335 31 
 314.40 455,047 69.0918 15
391.35 562645 69.5554 10 499.70 724.174 69.0047 
 10
MAAM 147,5 2J6:841 68 
 19 165.7 86.827 5
 
TAMBACOUNDA 377,65 407.93 9 , 
 34 20.55 532.426 78.9815
YUNDUM 473.20 604 628 78,2631 19 502.35 767.257 65.4735 
 13
ZIGUINCHOR 660.55 689,963 5.7370 40 
 760.10 875,331 86,83b8 21
 

TABLE 5.12 1979 Yield Moisture Index Station Analysis for Groundnuts 

-0 
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SENEGAL 
YIELD MOISTURE INDEX ANALYSIS: GROUNDNUTS 

KAOLACK
 
---------------- CROPnGNUT STANANExKAOLACK -----------------
COUNTRY=SENEGAL 


YEAR YM16 NYM16 PNYNI6 PERC6 YMI67 NYMI6-7 PNYM16.7 PEPC6_7
 

56.103 18
 

19S2 23.80 17.9177 132.829 62 .1 110 .868 98.025 96
 
1957 795 39.06 10.868 1 7.98 64
 

1951 6.30 	 17.9177 35.161 23 62.20 110.868 


32: 17:9177 18 64 9.40 110.868 1o671 6
 
1955 28.36 7.9177 158.223 78 10.868 1.
 
956 4375 	 7.9177 .'94.171 95 68.55 110.868 .6.732 87
 

68
M 110.868 


7 11. 110.868 100.8.0
196 187 58:1921C.2 16 s6	 8635 998 110.868 b673

2.3 7 9.1°5 6 	 0. .6701Is
195 7.979 77 97.J90 9 90 428I 	 -o
I961


196 9 4 	 17:9177 I.o70 43 10 o1.06 .
 
1;.9177 140.643 67 49.9 110.868 1161IG4581 0
1960967 28.0 7:9I7 156720 753 110.86


9 30.876 84.55 110.868 16. 2963 23.4 	 .77 59 

7182750
90
1964 18.55 	 17.9177 C3.529 46 169.35 110.868 


1965 25.98 	 17.9 77 144.549 71 5.15 10.868 W49.744 12
 
1966 	 044.1 1.
43 17.9 77 7712 5 9? 110.868 

1967 2j.Qo 	 17:9177 f117.202 53 15.0 10.868 142.g61 81
 
1966 20: 0 	 17.9177 140.643 67 191.50 110.868 t52.31 460
 

196 0.0 7:917 0 02~ 3 
 15:u 1100: 1 1 78
 
971 6.65 	 7.9 77 6 2 1150 868
 

970 60.65 	 40
7:9 77 .1 51020.257028

197 28.70 	 17.9177 160.R76 81 39. 1 0.868 J5.267 6
 

YEAR YMI6_b NYM16-8 PNY16-8 PERC6_8 YMI6U9 NYN1619 PNYMIb 9 PEqC6k9
 

19R1 454.55 353.669 78 4js:.8 4. :0o47 124.7639 78
128.524 567.85 455.047 6o192 9
 
G.' 0 J; :669 144.429 84 7 8 45;.4 6. ~ 9 

*o .~~~66184':78 62 '~f.5 45 47 I 6
 
199169 3 31 90 629.10 455.047 18.15t
 

1955 380.35 353.669 107.544 71 55.55 455.047 115 4V4 75
 
1956 490.60 353.669 138.7A7 81 0.80 455.047 127.635 81
 
1957 372.60 353.669 105.353 65 507.90 455.047 11.615 71
 
I58 712.65 353.669 201.502 96 813.30 455.047 178.7 96
 
1959 244.20 353.669 69.048 21 404.25 455.047 88.837 4
 
960 314.20 353.669 88.840 46 436.60 455.047 89.353
 
961 334.?0 353.669 94.438 50 401.5 455.047 13361b 56
 
1962 312. 353.669 88.246 43 31.25 455.047 
 4.9V2 31
 

1963 261.25 353.669 73.868 25 361.90 455.047 79.5jO 34
 
643.40 353.669 181.91 93 71A.30 455.047 162.90b 93
 

965 240.40 353.669 67.973 18 335.55 455.047

I964 


73.740 25
 
966 267.35 353.669 81 248 37 489.20 455.047 107.505 65
 

1967 357.00 
 353.669 100:942 56 505.50 455.047 111.Ob7 68
 
969 J33669 	 1o6.:1o 59
.. 5 i0;.93s 9 8:54;047 67.86 1
1968 JJ3655 353.669 63.209 5 308.80 455.047 


970 308:0 353.669 .341 40 340 80 45 047
 
1971 522:20 353.669 147.652 87 632.20 455:047 138.931 87
 

65.5b4 6
1972 194.90 353.669 55.108 6 298.30 455.047 


7 

YM167 NY16_ PNY416_7 PERC6..7
 

YM16 NYMI6 PNYMI6 PERC6
YEAR 

108.25 110.868 97.639 43
 

1973 0.35 	 17.9177 1.953 7 

12 110.868 1I.135 34
 

1975 0.35 17.9177 1.953 7 145.30 81.05 

1974 1.40 7.9177 .813 83.30 


110.868 71
 

1976 64J0 
 17.9177 35.161 23 76.50 110.868 69.001 31
 
18 71.85 110.868 b4.807 ?5
 

1977 .:90 	 17.9177 27.347 

46.881 37 115.65 110.868 104.313 53
 

1978 8.40 	 17.9177 

J979 315 	 17.9177 175.803 84 111.45 
 10 868 1uo.5J5 46
 
1980 4 17.9177 25 394 5 1.95 10.868 13.45 3
 
1981 5jb5 17.9177 37.114 9 115.85 110.868 1E.RC 56
 

PERC69

YEAR YMI6_8 NYMI6-8 PNYM16-8 PERC6_9 YMI6#9 NYM16-g9 PNYMI6 


324.20 455.047 7 4.4
 
1973 280.20 353.669 79.227 34 


53 421.25 	 455.047 92.5 0
 
1974 356.90 353.669 100.913 


7 4 A 16/5 37
9796595 7. 28 69 35 	 7s9is
6666o9 4 3 u439 Q 5fl4TA E 5669 dnu 4ro7 19 : 1o669a 18
977 	 8 .1 5 :4 6
W 1 .1 5 .669 61 

444.20 97:61b3 53
14978 382.60 353.669 108.180 75 455047 


17 26 2 	 33669 75.834 1 3 4.40 0.7 69. 14 1
 
4 047
9 ~ : 9 3 .669 6j J47 	 *604 

10 * 51 013 54 5047 6..7ba 4398?331 353 .669 


TABLE 5.13 	Historical Yield 1bisture Index Analysis
 

for Groundnuts at Kaolack.
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Percentile Ranking of the Yield Moisture Index for Ground
nuts at Kaolack (P=Planting, V=Vegetation, F-Flowering and 
M=Maturity stage).
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PALMER SOIL MOISTURE BUDGET FOR ZIGUINCHOR
 

SOIL MOISTURE BUDGET FOR OBSERVATION 0 273 (197.0

JANUARY FEBRUARY MARCH APRIL
s,, 4.W ?.c;9? 005o4 MAY JUNE 	 o9 oso°°° 	 JLY °oo 
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0.042 u.0012 0.0011 93.n-111 152.4000 115.6667 31.4?13 12.659?
0.0000 5Y.000 
 57.0000 237.0000 19.0000
PET 80.0000 95.0000 	 10.00O 0.0000 0.0000
133.0000 146.000 139.0000 16v.0000 15A.0000 144.0000 	 o o n


ET 	 130.0000 147.0000 11!.0000 91 000
25.9583 14.6441 7.7210 1.0790 0.0431 
 5v.0030 157 0000 144.0000 130.0000 144.7333
PR 102.9494 128.9077 143.5519 	 84.24-4 18.7620
151.2737 152.3527 
 152.395 152:3988 153.3989 
 0.000 36.7333 120.9787
R 2:8~3
P59583 	 4M44 7.72 1 :8988 NOM AM~ 90:9nn 19 999
("oo829 0:001 	 1 2 2:93'13 8:3 10999K)
0011 

PRO:9583 
 4644 7o7218 1.079Q 0.0431 U.003B 0.0000
PRO 	 0.00n0 0.0000
49.4506 3. 492 8.8481 1.1263 	 36.7333 8.24'4 18.762n
Ro0.0000 	 0.47i Uo004 0.0012
o.ooo 0.0000 0.ooo 0.0000 	 0.0011 93.0011 152.4000 115.6667 31.4213
0.0000 0.0000 0.00on 29.6011 0.0oo 0.0000 0.0000
 

TABLE 5.14 	 Palmer Soil Moisture Budget for
 
Ziguinchor (1975-1977).
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FIGURE 5.7 Palmer 	Drought Index Plot for Ziguinchor (1967-1981).
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Monthly precipitation and temperature were used as predictor variables in
 

developing the linear regression models for groundnuts, peas, maize and millet.
 

The linear regression models have the genera. form:
 

N N 2
 

Y a+ bi (Xi-Xi) + ci (Xi-X i )
 

where:
 

Y is the predicted yield (mt/ha),
 

a is the regression constant (i.e., intercept)
 

bi is the ith estimated regression coefficient for the Nth meteorolo

gical variable xi, expressed as a departure from its mean 7, and
 

is the ith estimated regression coefficient for the Nth meteoroci 


logical variable in quadratic form (xi-yi)2 .
 

Groundnut Models
 

Groundut is a very important export crop in Senegal. The groundnut
 

acreage, production and yield data is shown in Table 5.15. A plot of the yield
 

data is shown in Figure 5.8.
 

A sample of the input data for modeling groundnut in Senegal is shown in
 

Table 5.16. The linear correlations between yield and the weather variables are
 

shown in Table 5.17. The weather variables include mean monthly temperature
 

(T1-T12 ), monthly rainfall (P1-P12 ) and cumulative rainfall (e.g., P6_9 = June-.
 

September rainfall). Quadratic forms for the precipitation are indicated with
 

the prefix 'Q' (e.g., QP6 9).
 

Grounduts in Senegal are generally planted during June and harvested in
 

October. The selection of candidate variables for the models was therefore
 

limited to those within the period June-October. Variables for the models were
 

selected by the stepwise regression analysis procedure. The candidate variables
 

were chosen so as to minimize multicollinearity and overlapping of variables.
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OBS CROP YEAR AREA PROD YIELD 

16 GNIJT 1960 977 893 0.914 
17 GNIT 1961 1027 999 0.969 
18 GNIJT 1962 1013 894 0.88? 
19 GNIT 1963 1084 952 0,878 
20 
21 

GNUT 
GNIJT 

1964 
1965 

1055 
1114 

993 
1122 

0.941 
1.007 

22 GNIJT 1966 1114 857 0.769 
23 GNUT 1967 1164 1005 0.863 
24 
25 

GNOIT 
GNJT 

1968 
1969 

1191 
953 

831 
789 

0.698 
0.828 

26 GNUT 1970 983 583 0.593 
27 GNIJT 1971 1060 989 0.933 
28 GNIIT 1972 1071 570 0.R32 
29 
30 

GNUT 
GKIJT 

1973 
1974 

1026 
1152 

675 
993 

0.657 
0.862 

TABLE 5.15 Area, Production and Yield Data for Groundnuts
 

SENEGAL: GROUNDNUTS 
YIELO
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I1).95 
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y 

0.50
 

-------- *-------------*---------------------------*----------------------------
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FIGURE 5.8 Senegal: Groundnut Yield 

1974 
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SENEGAL: GROUNDNUTS
 

CROP MODELING DATA BASE
 

T T T 
Y T T T T T T T T T F F E 

0 
B 
S 

Y 
E 
A 
0 

L 
0 

E 
4 
P 
1 

EE 

pp
2 3 

E 
m 
p
4 

F 
Nm4 
p
9 

EE 
m 
p
67 

M 
p 

E 
M 
p
8 

E 
M 
0 
9 

% 

1 
0 

P 
NM 
Pp
! 

1 
6 960 0.914 -:.? 0.6 -1.0 -. 2 0.0 0.0 -e.2 0.2 0.2 -0. 0.2 -0.2 
S1961 0.969 -0:4 
18 1962 0.882 0.0 

-0:4 
0.4 

0.0 
0.8 

0.4 
0.0 

1.4 
0.4 

0.4 
0.2 

.0 0.0 -0.2 
0.4 -0.4 0.2 

-0.? 
0.9 

-0.6 
0.A 

0.0 
O.n 

9 1963 0.878 1.2 
0941 .2 

21 1965 1.007 -1.8 
22 1966 0.71q 0.0~3 1 .6 .4 

.0 

-0.8 
0.6 

. 

0.2 0 
0.4 0.0 
0.2 -0.6 

-0.2 0.2 
04 -0 

.0 
0 
0.4 -0.6 
0.2 -e.2 

- .0 

0.0 4 
2 -0.2 

0.2 -0.2 
0.8 0. 

-0.6 -0.. 

1.0 -0.4 -0.2 -0.6 
-0.6 -0.? -0. :-0.2 
-0.2 -0.? -0.2 -1.n 
-C.4 -O.he 0.2 0.2 
-0.6 -0.h -0.6U(9§.968 -?' -1.0 -1.2 -l 4 -1.0- . 0.0 1o2.8 2 .1 

S1969 0.82S 2.0 1.4 18 8 1.2 1.4 -0.2 0.0 0.2 -0.? 0.0 0.4
26 1970 0.593 0.4 0.6 1.0 1.2 0.2 1.0 0,6 -0.2 0.4 1.0 0.6 1.0~7 ffl 9.93 0. -0. - 1.0-.2 -10 -0.6 -0.8 -10-.:9?-. 0a ,97 5.S -. :44 :08: :0 : :0 -:10 - 0. 0.4 0 0.6 . 00:6
9197 .6 0.2 0.2 0.8 2 0.0 0.6 0.0 -0.2 0.4 0.( 0.2 -0.4 

30 1974 0.862 -0.4 -0.8 -0.8 -0.8 -0.8 -0.2 -0.6 -0.6 -0.4 -O.h -1.2 -0.4 

p p P p P p p p R 9 wR PR P P R P E E t 
EEEE E C C L 

O1 T I I I I I I I P P 6 
9 0 p pP P P P P P I I
$ 1 2 3 4 5 6 7 a 9 0 1
 

16 	-0.2 -0.8 0 -0.8 0.6 25.6 -10.8 11.4 18.6 -44.8 -2.2 0 14.8 
17 	-0.2 -0.8 0 0.8 0.2 34.4 10.0 -14.2 30.8 -49.6 4.0 U 104.4
 
18 	 -0.2 0.0 .8 0.0 -13.2 -18.2 108.0 -S.4 6.8 8.4 -31.4 
19-0.2 -0.8 0 -08 -4.4 4.8 9.6 3.4 -39.8 3.8 -2.0 0 4.4 

20 1.2 -0.8 0 12.2 15.6 16.2 62.4 58.4 19.8 -52.0 -2.2 0 8.6 
21 	-0.2 -0.2 0 -0.8 -3.8 8.6 -26.0 75.4 47.2 2.0 7.6 u -17.4 

: -0.8 0 -0.8 -3:4 43.8 -95. -4 .4 17.8 12.8 -0.6 1 -51.4 
02-0.8 0 -0.8 _- 0 22.4 2.0 39.8 9 .6 ~4.2 -2.2 u _4.44 	 0.0 8.8 0 -0 .8 -20.8 -31,0 -198.2 -2 -7.4 -2.0 U -1.6 

25 	-0.2 -0.8 0 -0.8 0.6 -29.6 65.4 20.8 24.8 68.4 -22 0 36.0
 
26 	-0.2 -0.8 0 -0.8 6.8 -27.8 -17.4 8 -.8 -49 - .0 0 -45.4 

-0. 00 :8 -- :0 -2J 3 3 2 U A? 6
 
0.6 0.4 0 0.8 : 1: 0~: -754 :43 -27.0 2U -9.229 	-0.2 -0.8 0 -0.8 1.4 -5.8 17.0 -16.2 34 -51.6 -2.2 U 11.0

30 	-0.2 -0.8 0 -0.8 -3.6 -46.2 31.6 9.2 59.2 -42.4 1.0 U -14.6
 

OX Y T
P 0 0 0 OTT P 
P P 6 A P P P P 6 2 E0 6 6 P R 6 6 6 r N

8 I E 0 T N 4 0 
S 0 A 0 7 00 0 0 y 

16 26.2 44.8 0.0 q77 893 219 683 2005 0 1 1.0 0.0 
17 90.2 121.2 71.4 1027 995 10905 8148 14677 5105 2 1.0 0.0
18 76.6 25.0 41.8 1013 894 989 5895 626 1749 3 1.0 0.0 

56.8 0 6. 208 	 4 u.8 0.09 178 -22.0 171.8 i1084?? 1991952 6jg 18 316 ,9:483 5159 
199-.811~~~~U.210.070. 1 
 5a 2

22 -97.8 73.2 196.0 1114 857 2634 )552 5351 38396 7 U.8 0.0 
3 60.2~ 151.6 205.8 1164 1005 590 3617 gg998 42364 8 U.8 0.0 

0 2 JJ:4 141 914 J7 209 :6A0 79764 908-.S20 6626 22410 10 U.8 8.
 
26-66-22.4 -171.8 983 583 2054 1340 15000 29515 31 0.8 -0.2


7 3 :4Z~87 4 	 13
_jA:2 4 	 5-81104 11:.8
7309 206 66422 810O0
-0.6 -25.2- 2 675 122 26 1648 1 U,
.8 :.


30 -5.4 -64.6 -107.0 1152 993 212 29 4173 11433 15 U.6 0.2
 

TABLE 5.16 Input Data for Modeling Groundnuts
 



SENEGAL
 

YIELD-WEATHER CORRELATIONS FOR GROUNDNUT 

CORRELATION COEFFICIENTS / PROB > IRI UNDER HO:RHO=O / N = 15
 

YIELD
 

P619 P6 8 TFMP12 0P6 10 P6 10 P6,7 TEMPI1 
 PRECIP8
0 77473 0.72917 -0.68966 -0 6877?2 0 68329 0 667L0 -0,59172 0 56720
 
60007 0.0020 0.0044 6.0046 0,0048 0.0066 0.0201 5.0274
 

TEMPlO QP 9 TEMP9 PRECIP7 TEMP7 TEMP8 PRECIPil PPECIP9
 
-0.56554 -0.51395 -0.51022 
 0.49267 -0.46403 -0.43105 0°42782 0642280
0.0280 0.0501 O.GS20 0.0621 0.0814 0.I087 0.1117 0.1164
 

PRECIP6 TEMPS 
 0P6"8 PRECIP4 PRECIP2 TEMP6 PRECIPI QP6 7
 
0541355 0.37445 -0.353 1 
 0.23215 -0.20110 -0.13361 -05!1113 -n016 9

0.1255 0.1691 
 0.1966 0.4051 0.4723 0.6350 0.6907 7054
 

PRECIP12 TEMP4 TEMPI TEMP3 PRECIPlO TEMP2 PRECyP5 
 PRECIP3
 
-0.10265 -0.09098 -0.07847 -0.07254 0.07144 0.03426 -0.02842 0.00000
0.7158 0.7471 0.7810 0,7972 0.8003 0.9035 0.9199 1.0000
 

TABLE 5.17 Correlation Analysis for Groundnut
 



87
 

Two sets of stepwise models were run. The candidate variables for the first 

included P6_9, Q6_9, TEMP7, TrAP8 and TEMP9. The stepwise procedure 

ected P6 9 and TEMP7 (Table 5.18a). The model fit is shown in Figure 5.9. 

model has an explained variance of 68 percent and a standard error of
 

19 mt/ha. Both variables in the model are agronomically significant.
 

9 represents growing season rainfall and TEMP7 accounts for any high
 

iperature during the critical growing/reproduction period.
 

The candidate variables for the alternate model included P6_10, QP6_10,
 

P7, TEMP8 and TEMP9. The stepwise procedure selected P6_10, QP6_10 and TWP7
 

be included in the model (Table 5.18b). The model fit is shown in Figure
 

0. The model has an explained variance of 71 percent with a standard error of
 

'9mt/ha. Rainfall during June-October (P6_10) features in both linear and
 

Ldratic form. July temperature is found to have a negative impact on the 

ld of groundnut. 

ze Models 

Area, production, and yield data for maize in Senegal a-e shown in Table 

9. A plot of the yield data is shown in Figure 5.11. No signific"nt 

!rease in yield over the ye-ars is evident.
 

A sample of the input data for modeling maize in Senegal is shown in
 

)le 5.20. Linear correlations between yield and the weather variables are
 

)wnin Table 5.21. Maize is generally planted during June and harvested in
 

ptember.
 

The first maize model (Table 5.22a) includes June-September rainfall (P6_9) 

[ July temperature (TEMP7). The model has an explained variance of 68 percent 

Ia standard error of 0.09 mt/ha. The model is significant at the 1 percent 

rel. The model fit is showing Figure 5.12. 



SENEGAL 

GROUNDNUT YIELD MODEL (1) 

MODEL: MODFL01 

DEP VAR: YIEtD 

VARIABLE 

INTERCEPT 
P6 9 
TERP7 

SSE 0.091433 
OFE 12 
MSF 0.007619395 

PARAMETEP STANDaRD
DF ESTIMATE FrROR 

1 0.820920 0 022549 
1 0.0007440536 0.0001798154 
1 -0.090250 0.053574 

F RATIO 
PROR>F 
R-SQUARE 

T RATIO 

36°3879 
4.1379 
-1.6846 

12.56 
0.0011 
n.6767 

PROB>ITI 

0.0001 
0,0014 
0.1179 

TABLE 5.18a Groundnut Yield Model (Model-1) Using Departure from 
Normal (DFN) of June-September Rainfall (P6_9) and 
DFN of July Temperature (TEMP7). 

GROUNDNUT YIELD MODEL (2) 

MODEL: MODELO1 

DEP VAR: YIELD 

VARIABLE 

INTERCEPT 
P6 10 
QP6 10 
TFMF7 

SSE 0.082752 
DFE 11 
-SE 0.00752288 

PARAMETER STAND4RD 
DF ESTIMATE ERPO? 

1 0.A65569 0.033132 
1 0.0004172683 0.0001706068 
1 -.0000019433 .00000104385 
1 -0.094403 0.053684 

F RATIO 
PPOR>F 
R-SOUARE 

T RATIO 

26.1249 
2.4498 

-1.8617 
-1.7520 

8.86 
0.002 
0.7074 

PknB>ITI 

0.0001 
0.0325 
0.0896 
0,1076 

TABLE 5.18b Groundnut Yield Model (Moiel-2) Using DFN of June-
September 7*Ainfll (P6_9), Squared Departure from 
Normal (SDFN) of June-September Rainfall (QP69), and 
and DFN of July Temperature (TEMP7). 

dfn of 
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FIGURE 5.9 Senegal Groundnut Yield Model 1 
(O=Observed Yield, P=Predicted Yield). 
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GROUNDNUT YIELD MODEL 2 
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FIGURE 5.10 	 Groundnut Yield Model 2 

(O=Observed Yield, P=-Predicted Yield). 
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OBS CROP YEAR APEA PRO!) YIELD
 

27 0.889
31 MAIZE 1960 31 

32 2R 0.885
32 MAIZE 1961 


27 0,847
32
33 MAI7E 1962 

27 0.815
34 MAIZE 1963 33 

37 0.788


35 MAIZE 1964 47 

41 0.751
36 MAIZE 1965 54 


54 42 0.777
37 MAIZE 1966 

72 57 0.792
38 MAI7E 1967 

36 25 0.696
39 MAI7E 1968 


49 0.881
40 MAIZE 1969 55 

51 39 0.765
41 MAIZE 1970 


0.787
42 MAIZE 1971 49 39 

20 0.625
43 MAI7E 1972 33 


40 34 0.862
44 MAIZE 1973 

49 43 0.88$
45 MAIZE 1974 


Y
 

TABLE 5.19 Area, Production and Yield Data for 1'aize
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FIGURE 5.11 Maize Yield 
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SENEGAL: MAIZE
 

CROP MODELING DATA BASE 

T T 
Y T T T T T T T T T E E 

y E E E E E E F E F M 4 
0 E M 4 14 M 14 14 M P P 
9 A L P P p P p P p p p I I 

R r) 1 2 3 4 5 6 7 0 q 0 1 

9 .89 0:4 :1.2 -0.6 -0.2 0.0 0.0 0.0 0.0 u.4 0.216? -0.4 

16 .85 -0. 040.2 0.2 1.4 0.4 04 0.0 0.2 -U.2 -0.8 

33 1962 0.847 0.0 0.2 0.6 -0.4 0.2 -0.? 0.6 -0.4 0.7 0.4 0.8 
34 1963 0.815 1.2 0.0 0.4 -0.4 0.0 0.A 0.2 0.4 1.0 -06 0.0
35 964 0.7 8 .4 0.6 0.2 -0.4 0.8 0.0 0.0 -0.4 0 . -0.2 
36 1965 0.751 -2.0 -1.2 0.0 -0.0 0.2 -O.A 0.4 0. -0.2 0.0 0.0 
37 1966 0.777 0.0 0.4 -0.4 0.0 -0.2 -0.2 1.0 0.6 -0.4 -0.6 0.4 
38 1967 0.7Q2 0 2 -1.2 -0.6 -1.0 -1.0 -0.8 -0.6 -0 -0.6 -0.6 -0.6 
39 q68 0.696 -1:4 -0.0 -0.8 10 -0.6 -1.0 -0.? 1.6 0.P . 0.0 
40 1969 0.81 1.8 1.0 2.2 2.2 0 ! 1.8 -0.? 0.0 0.2 -1.2 0.0 
41 1970 0.765 0.6 0.0 1.' 1.4 0.6 0 R 0.4 0.0 0.4 1.2 0.44 o17710.7:7:0 
4j 197 0.787 _ 0 S-0.62 . * -0.42 -0. 6 -0.6 1.0 -0.A00.4 -06 0.:0. 0 
44 1973 0.862 0.4 0.4 0.8 1.4 0.2 0.6 -0.2 -0.? 0.2 -. 2 0.4 
45 1974 0.888 -0.4 -0.6 -0.4 -0.2 -0.4 -0.4 -0.8 -0.6 -0.4 -0.4 -1.0 

:0.0 0.4 0.6 0:4 

P P oP P p p o P R Q P 
T R P 0 R P Q P Q P E E 
E E E E E E E E E C CC 

0 P I I ITI I I I I I P P 
9 1 P P p p p p p p
S 2 1 2 34 5 6 7 8 9 

31 -0.6 -0.2 -0.6 0 -0.8 -5.2 20.6 -18.2 29.0 12.8 -49.. -10.8 0.0 
32 -0.2 -0.2 -0.6 0 -0.8 -0.2 39.0 67.8 -43.0 27.2 -58.b -9.2 0.0
3 .- 0.5 0~?~0 :0a :0 -26.j -28.2 26.2 -73.4 20 e 3:2 0.o 

35 -0.4 1.4 -0.6 0 9.6 4.4 4.0 80.0 66.0 -9.8 -53.b -10.0 0.0 
36 -1.0 -0.2 0.0 0 -0.8 -5.0 -6.4 -54.0 33.2 55.0 -23.U -1.2 0.0 
17 0. 0 -0.6 0 -o.0 -4.8 39.0 -14.4 -43.8 15A.4 - .8 1. 
30 - 0 -0.? -0.6 0 -0.0 -3.6 4.6 -33.0 10.4 100.0 49.'. -10.0R 0.0 
39 1.2 0.0 7.0 0 -O.0 -0.2 -3.6 -24.2 -145.8 -7.8 -20.4 8.4 0.0 
40 0.4 -0.2 -0.6 0 -0.8 4.2 -21.6 92.8 32.0 5:.4 63.1 -10.8 0.0 
4 1 12 -0.2 -0.6 0 -0.A 4.6 -16 4 13.2 2j.0 -75.4 -5?. -4.8 0.0 
4 0:0 -0.2 -0.4 0 . -612.j2 c0 -4.5 10. 0.0 
4- 0.8 0.6 -0.6 0 -0 5 0 4 83.4 87.b 119.2 0.0 
44 -0.4 -0.2 -0.6 0 0.0 10.2 -0.6 38.8 -18.0 -96.4 -58.b -10.0 0.0 
45 0.0 -0.2 -0.6 0 -0.A -1.0 -30.6 37.6 34.6 -4n.6 -39.4 -6.6 0.0 

O x Y 
m
T 

0 0 0 P T T P 
P P P 6 A P P P P 6 9 R *E 
6 6 6 Q P 6 6 f6 E E N 

S 7 C0 A D 7 E q 0 0 y 

315 9 08 0:0a 67.4 96.2 46. 118 4 49.80.223 

33 -54.4 55.2 -16.6 12.0 32 27 2468 3053 27S 144 3 0.8 0.0

34 0.6 -19.8 -48.4 41.2 33 27 0 390 2345 1694 4 0,8 0.0 
35 83.8 153.4 145.2 100.0 47 37 7032 23538 21096 9997 i 0.8 0.0 
36 -60.4 -23.8 33.0 18.4 54 41 3657 564 1083 336 h 0.8 0.0 
37 -65.4 -105.6 54.4 165.6 54 42 4265 11147 2961 27441 7 0.8 0.0 
38 -18.4" " -4.6qh.:"5' -4161.8 72 57 21 H 0.8
105.0 373413 93 11n4l0q 26186 o.08 0.0
40 

39 -1.2~- . -17:4 -18:4 J6 2 7g9 789~ 10
53622 51A109531 ~ 10 8880.0-0.2 
41 -29.4 -4.0 -77.8 -121.6 51 39 867 16 6050 14777 II 0.8 0.0 
42 33.6 51.6 29.4 -11.6 49 39 1135 2661 865 136 1? 0.8 0.0 
43 -77.8 -200.0 -282.0 -310.4 33 20 6065 40031 79480 96315 13 0.8 -0.2 
44 38.2 23.6 -71.2 -121.4 40 34 1453 555 5071 14742 14 0.8 0.0 
45 7.0 45.0 6.0 -25.0 49 43 49 2024 37 6P4 IS 0.8 0.2
 

TABLE 5.20 Input Data for Modeling Maize 



SENEGAL
 

YIELD-WEATHER CORRELATIONS FOR MAIZE 

CORRELATION COEFFICIENTS / PROB > IPI UNDER HO:RHO=O / N = 15
 

YIELD
 

P6 8 QP6 8 0P6 9 P6 9 PRECI11 QP6 10 P6 17 PRECIP7

0o76691 -0.70998 -0 686T7 0.66474 -0 6420 -0 62350 0 59261 0 59190
 
5.0009 0,0030 6.0047 
 0.0069 5,0098 6,0130 5.0199 8.0201
 

P6 10 PRECIP8 
 TEMP6 TEMP8 TEM:12 TEMP2 PRECIPI PRECIP2
 
0*56488 0.53854 0.51173 -0.50890 -0.42763 0 39575 -0,39486 -0°39108
0.0282 0.0383 
 0.0512 0.0527 0.1118 6.1442 0.1452 0,1495
 

TEMP5 TEMP3 TEMP4 TEMPI PRECIDO TEMPIJ TEMPIO TEMP7
 
0.37745 0.36086 0.35628 0.33714 -0.32408 -0.29730 -0.25909 -0,21159
0,1654 C0.1864 0.1924 0.2191 0.2386 0.2819 0.3511 
 0.4490
 

TEMP9 PRECIP5 PRECIP12 PRFCIP9 QP6 7 PRECIP4 PRECIP6 PRECIP3
-0.12046 -0.10982 -0.09497 
 0.07022 -0.052-6 -0.04346 0.02011 0 00000

0,6689 0,6968 
 0,7364 0.8036 0.8530 0.8778 0.9433 1.0000
 

TABLE 5.21 Carrelation Analysis for Maize
 



SENEGAL 

MAIZE YIELD MODEL (1) 

MODEL: MODELOl 	 ;SE 0.033598 F RATIO 08.55
 
DFE 13 PPOR>F 0.0009
 

DEP VAR: YIELD MSE 0.00258446B8 R-SOUARE 0.5880
 

PARAMETER STANDARD
 
VARIABLE DF ESTIMATE ERROR T RATIO PROB>ITI
 

0 013126 	 0.0001
INTERCEPT 1 0.803200 	 61.19n5 

1 0.0006118734 0.00014?0533 4.3074 0.000Q
P6_8 


5.22a Maize 	 Yield Model (Model-) Using DFN of June-AugustTABLE 

Rainfall (P6_8).
 

MAIZE YIELD MODEL (2) 

MODEL: MODELOI 	 SSE 0.034267 F PATIO 8,28
 
OFF 12 ;PO>F ().0055
 

DEP VAR: YIELD MSE 0.002855604 R-SOUARE 0.5798
 

PARAMETER STANDARD
 
VARIABLE DF ESTIMATE ERROQ T RATIO PRnB>ITI
 

INTERCEPT 1 0.825157 0.017682 46.6661 (),0001

P6 9 1 0.0002598412 0.0001473019 1.7640 0.1031
 
QP6_9 1 -.0000016739 .43456E-07 -1.9845 0.0705
 

TABLE 5.22b 	 Maize Yield Model (Model-2) Using DFN of June-September
 

Rainfall (P6_9) and SDFN of June-September Rainfall (QP6_9).
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The alternate model (Table 5.22b) contains June-September rainfall (P6-9) in 

a linear and quadratic form. The model has an explained variance of 58 percent 

and a standard error of 0.05 mt/ha. This model is significant at the 10 percent 

level. The model fit is shown in Figure 5.13, 

Millet Models 

Area, production and yield data for millets in Senegal are shown in Table
 

5.23. The yield data is shown plotted in Figure 5.14. No significant trend in 

the yield data can be observed in the time-series. 

The input data for modeling millets in Senegal is shown in Table 5.24.
 

Linear correlations between yield and the weather variables are shown in Table
 

5.25. Millets are generally planted during June and harvested in early October.
 

Table 5.25 indicates P6_8, P6_9, TEMP7, TEMP8, and TEMP9 to be the candidate
 

variables for the millet models.
 

The two millet models are shown in Table 5.26a-b. The first model includes
 

June-September rainfall (P6_9) and July Temperature (T7 ). This model has an
 

R-Square value of 84 percent, a standard error of .04 mt/ha and is singificant
 

at the 1 percent level of significance. The model fit is shown in Figure 5.15.
 

The second millet model includes June-August rainfall (P6_8) and July
 

temperature (T7 ). This model has an R-Square value of 78 percent, a standard
 

error of 0.04 mt/ha and is significant at the 1 percent level of significance 

(Table 5.26b). The model fit is shown in Figure 5.16. The second model can be
 

considered as a truncated model as it uses only June-August data. On the other 

hand, the first is a full season model as it uses data through September. Both
 

of these models can be used in making yield forecasts during the growing season.
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FIGURE 5.13 	Maize Yield Model 2
 
O=Observed Yield, P=Predicted Yield).
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OBS 
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TABLE 5.23 
Area, Production and Yield for Millets
 

SENEGAL: MILLETS 

y 

Y 

y
 

Iy
 

---------------- *--------------------------------------------
1962 1964 1966 1968 1970 


YEAR
 

YIELD
 

0.914
 
0.489
 
0.490
 
0.498
 
0.526
 
0.518

0.424
 
0.966
 
0.427
 
0.612
 
0.412
 
0.597
 
0.344
 
0.467
 
0.673
 

V
 

1972 1974
 

CROP 


MILLFTS 

MILLETS 

MILLFTS 

MILLETS 

MILLETS 

MILLETS

MILLETS 

MILLETS 

MILLFTS 

MILLETS 

MILLETS 

MILLETS 

MILLETS 

MILLETS 

MILLETS 


YEAR AREA PROD 


1960 762 39? 

1961 831 407 

1962 865 424 

1963 959 470 

1964 1011 532 

1965 1069 554

1966 997 423 

1967 1155 655 

1968 1054 450 

1969 1037 635 

1970 972 401 

1971 975 583 

1972 936 323 

1973 1094 510 

1974 1155 777 


YTE r) 

0.660 

0.606 


Ic (.55 

w 0.50 

0.35 

0.30 

0.30 

.Iv 

I 
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-I 
*Y 

* 

* 

1960 


FIGURE 5.14 Senegal: Millet Yield
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SENEGAL: MILLETS 

CROP MODELING DATA BASE 

T T T 
Y T TT T T T T T T E E 	 F 

r E 4 MMF E E E E E EY 
 P P
m m i P P 

4 L P P P P P PE MM M 
P P P 1I 

5 7 8 91 12 s Q 0 1 23 	 4 5 

0.4 0.2 -0.6
46 1960 0.514 -0.2 n.6 -I.2 -0.4 0.2 0.0 0.0 0.0 0.0 

0.2 0.6 1.2 0.4 0.4 0.0 0.0 -0.2 -n.4 0.2 
48 1962 0.490 
47 1961 0.489 -0.4 -0.4 


0.2 -0.2 0.6 -0.4 0.4 0.2 0.4 -0.2 0.2 1.0 0.8 0.0
 
49 1963 0.499 1.4 0.8 0.0 -0.2 -0.2 0.9 0.0 0.4 1.0 -0.8 0.0 -0.0
 

0.0 -0.4 -0.6 -0.2 -0.2 -n.2
50 964 0.526 0.0 0.6 0.6 	 0.0 0.b -0.2 

0.2 -0.? -0.2 0.0 -0.2 -1.0


51 1965 0.518 -2.2 -1.? 0.? -1.0 0.4 -1.0 
1.0 0.8 -0.4 -0.8 0.0 0.2
 

52 J966 0.424 0.0 0.4 -0.2 	 0.2 0.0 -0.2 
-0.4 -0.2 -0.6 -0.6 -0.6 -1.6


53 1967 0.566 0.0 -1.2 -0.6 -0.8 -0.6 -0.4 	
0.4 1 1.44 -1.0 -1.0 -0.8 -0.2 1.6 0 4
54 1968 0.427 -1 6 -1 6 .414 - 2 - 2 0.0 -0.4
55 1969 0 612 2 0 

0., . 1 	 .40 .40 -1.. -. o.20 .01.2 O 4 1.056 1970 0.412 0 8 

-1.0 -0.8 -08 0.0 -0.4 0.2
57 971 0. 97 0. -0.4 -0.8 	 0.4 -0.6 -0. 0 0.6 1.0 0.' 0.68972 0234 0 1 -0.1 -1.0 -0.6 	-0.8 -0. 

0.2 0.0 -0.:4 0.:4 0:0 0.2 	 06

59 1973 0.467 0.4 0.0 1.0 1.2 0.0 

60 1974 0.673 -0.8 -0.8 -1.0 -0.8 -0.6 0.0 -1.0 -0.8 -0.4 -0.6 -1.2 0.2
 

0 P P 
p p p p p p p p q P P 

P P P P P R R
P P P P 

E E E E c L 

1 1 1 P t 
E E EE 	 I 

0 1 p 	 p 

7 9 9 0 1 7 
S 1 2 	 34 5 6 

0 -0.8 -1.2 1,.6 2.6 -1.6 27.6 -46.0 -8.2 -0.e 18.2
46 -0.2 -1.0 


0 -0.8 -1.6 	 25.8 47.2 -8.9 29.2 -50.8 -2.6 -0.e 73.0

47 -0.2 -1.0 ::8 -16.6 -50.2 56.0 -54.8 0.6 1.2 -0.4 -65.6
48 -0.2 -0.2 0 -08 	 . .-.:A
-1 0 8 -. 6 -44 -8.8 -39.8 77.4 -o.e 

50 1.0 -1.0 	0 11.2 10.2 37.4 49.2 22.2 -55.2 -8.2 -0.e 4 ? 

51 0.4 -0.2 	0 -0.8 -5.2 6.2 -28.2 67.2 21.4 -13.2 0.4 -0.e -21.8
 
2.4 -56.
32. 89.0 -49.6 1?.6 105.6 	-6.8
-0 -5 .	 0 -0.8 -4.4 

3.4 i.6 44.0 _8.2 _0.e 3.
'5 -0.2 -1.0 	0 -0.8 -3.6 9.0 1.4 

O.e - .2
-17.2 -16.0 -142.2 -15.2 -11.6 -6.6
5' -0.2 1 .4 	0 -0.8 -1.6 


68.0 -8.2 -0. _60.0

95 -0.2 -1.0 	0 -0.8 3.2 -14.0 74.2 26.2 28.0 


1.2 -35.6 -47.8 -6.4 -0., -15.4

0 -0.8 5.6 -17.6 2.2 


57 -0.2 

56 -0.2 -1.0 


-. 8 0 -. 4 	34 6.2 _10.0 2. 6 -360 -. 0 0.u 6.0 
55.0 83.0 -0.e -51.6
-1.0 0 -0.8 2.6 -34 -48.2 -1.0 -84 


59 -0.2 -1.0 0 -0.2 9.6 -5.4

58 1.0 


22.8 -5.9 -32.4, -50.4 -8.0 -0.d 17.'
 
10.0 -45.0 -39.8 -5.2 -0. 7.8


0 -0.8 -2.6 -30.6 38.6
60 -0.2 -1.0 


0 x Y T 
P 	 P T T P 

P P 6 A P P P 0 6 R R E 
5 6 6 E E N 

I E 
6 6 P R 

0 	 T N N 0 
A 7 	 0 0 DS 	 0 0 


332 360 2271 57 1 0.4 O*f
 

47 66.6 96.8 51.8 831 40 329 4440 9386 2692 2 .4 .0

46 19.0 47.6 7.6 762 392 


865 424 4444 70 3845 3087 3 .'& 0.048 -8.4 	 -67.0 -55.6 
 0.0
49 -9.2 	 -41.8 35.6 9S 470 8 84 2284 1264 4 04 


Sn 96.6 119.8 70.4 loll 532 2035 9338 14371 4962 5 0.4 0.0
 
51 47.8 70.2 62.8 1n69 554 479 2280 4930 3954 6 0.6 0.0
 
52 -104.0 n.8 112.4 
 997 423 3224 10800 1 12617 7 0.6 0.0
 
53 16.2 93.8 43.8 1155 655 107 262 8813 .067 8 0.6 0.0)
 
54-18jg -~ 9J.8 054 45g 299 34964 8
 

5 . 19 .6 1037 63 7894 13856 36734 1O 0.6 
136 2133 7769 11 0.6 0.0
 

57 268 12.8 -178 975 

56 -11.6 	 -46.2 -82 q72 401 234 


583 259 721 163 320 12 0.6 0.0
 

58 -40.0 176. -202.4 936 323 2653 9086 31019 40986 13 0.6 -0.2
 
4 0.6 0.0
59 14 0 	 -17.2 -61.8 1094 510 302 197 295 3812 


556 3311 15 n.6 0.2
60 20.4 	 -23.6 -57.6 1155 777 62 413 


TABLE 5.24 Input Data for Modeling Millets
 



SENEGAL
 

YIELD-WEATHER CORRELATIONS FOR MILLETS 

CORRELATION COEFFICIENTS / PROB > IRI UNDER HO:RHO=O / N = 15 

YIELD
 

TEMPIl TEMP7 TEMP8 P6 8 PRECIP7 TEMP9 P69 P6 7
 
-0.77980 -0.76427 -0.67368 0.63274 0.61457 -0.58615 0.58473 0.540T3
0.0006 0.0009 
 0.0059 0.0114 0.0148 090217 0e0221 0.0377
 
PRECIPli P6 10 TEMP12 TEMPIO PRECIP8 0P6 9 QP6*.8 QP6 10
 
-0.52609 0.51f90 -0.45677 -0.45513 0.43899 -0.41763 -05348S0 
-0,30568
0,0440 0.0511 0.0870 0.0883 0.1016 091214 0.2030 0,2679
 
PRECIPI PRECIP12 PRECIP2 PRECIP9 0P6 7 TEMP6 PRECIP6 PRECIP5 C)


-0.30220 -0.27477 -0.24590 0.21736 -0.20969 0.20290 -0 20207 -020 99
0.2736 0.3?16 0.3770 0.4365 0.4532 0.4683 
 6.4701 0,4726
 
PRECIPIO TEMPI PRECIP4
TEMP3 TEMP4 TEMP2 TEMPS PRECIP3
 
-0517744 0.10655 0°08.73 0.07649 -0,01079 0,00704 0 00000 
 0 00000
05270 0.7055 0.7749 0.7864 0.9696 0.9801 1.O000 1.O000
 

TABLE 5.25 Correlation Analysis for Millets
 



SENEGAL
 

MILLETS YIELD MODEL (1) 

MODEL: MODEL01 	 SSE 0.015965 F RATIO 32.23
 
OFE 12 PROr3>F 0.0001
 

DEP VAR: YIELD MSE 0.001330434 R-SQUARE 0,8430
 

PARAMETER STANDARD
 
VARIABLE DF ESTIMATE 
 ERROR T RATTO PHOB>ITI
 

IiTERCEPT 1 0 503812 0 009417B36 53,4955 0.0001
 
P6 9 	 1 o.0004 5 4 4 5 14 0,001021408 4.44q3 0.000
 

0.0001
TFRP7 	 1 -0.114640 0,01J521 -6.1898 


Millets Yield Model (Model-l) Using DFN of June-

TALE 5.26a 


September Rainfall (P6_9) and DFN of 
July Temp

erature (TEMP7).
 

MILLETS YIELD MODEL (2) 

MODEL: MODFL01 	 SSF 0.022599 F RATIO 21.01
 
OFE 12 PPOR>F 0,0001
 

DEP-VAR: YIELD MSE 0,001883266 R-SQUARE 0.7778
 

PARAMETEP STANDARD
 
T RATIO PROB>ITI
VARIABLE DF ESTIMATE ERROR 


0.0001
INTERCEPT 1 0,503807 0.011205 44,96?9 

1 -o 102907 0 0?2791 -4.5152 0.0007
TFMP7 


P6_8 	 1 0.0 00329943 0.0001647819 3,2345 0,0072
 

TABLE 5.26b 	Millets Yield Model (Model-2) Using DFN of June-


August Rainfall (P6_8) and DFN of July Temperature
 

(TEMP7).
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FIGURE 5.15 Millet Yield Model I 

(,=Observed Yield, P=Predicted Yield). 
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Cowpeas Model
 

The area, production and yield data for cowpeas inSenegal are shown in
 

Table 5.27. The yield data is shown plotted inFigure 5.17.
 

The input data for modeling cowpeas in Senegal are shown inTable 5.28.
 

The linear correlations between yield and the weather variables are shown in
 

Table 5.29. Cowpeas are usually planted during June and harvested in early 

October. 

Stepwise models were run for cowpeas with the following combinations of 

variables: i) P6_7, TEMP7 and TEMP8, ii) P6_8, TEMPT and TEMP8 and iii) P6_9, 

TEMP7 and TFM8. The 'best' of all these models is shown in Table 5.30. June-

September rainfall appears in the model in both linear (P6_9) and quadratic 

(QP6_9) along with July temperature (T7 ). The model has an explained variance of
 

75 percent, standard error of .03 mt/ha and is significant at the 10 percent 

level of significance. The model plot is shown inFigure 5.18.
 

The crop yield models for Senegal are summarized in Table 5.31. The
 

normal values (X1, X2 and X3) required for computing the departures from normal
 

are also listed for each crop. These normals differ for each crop as the cri

terion for station selection is based on crop distribution. The model R-Square
 

and standard error of estimate are shown for comparative purposes.
 

These crop yield models for Senegal should be considered as preliminary.
 

Extensive testing of these models with independent data sets is required before
 

they can be made operational. 
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OBS CROP YEAR AREA PROD YIFLD 

1 COWPEAS 1960 45 11 0.247 
2 
3 
4 

COWPEAS 
COWPEAS 
COWDEAS 

1961 
1962 
1963 

56 
49 
51 

15 
13 
14 

0.248 
0.?67 
0 276 

5 COWPEAS 1964 56 17 0.298 
6 COWDEAS 1965 54 14 0.257 
7 
8 

COWPFAS 
COWDFAS 

1966 
1967 

86 
99 

18 
3fl 

0.211 
0.305 

9 COWDEAS 1968 70 17 0.246 
10 COWPEAS 1969 71 23 0.317 
11 
12 

COWPFAS 
COWDEAS 

1970 
1971 

63 
71 

is 
26 

0,291
0.365 

13 
14 

COWPEAS 
COWOFAS 

1972 
1973 

86 
53 

11 
15 

0.125 
0,.287 

15 COWPFAS 1974 59 2? 0.368 

TABLE 5.27 Area, Production and Yield Data for Cowpeas
 

SENEGAL: COWPEAS 
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FIGURE 5.17 Senegal: Cowpeas Yield
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SENEGAL: COWPEAS
 

CROP MODELING DATA BASE 

T T 
Y T T T T T T T T T E TY' E E E E E E E E F 4 4

0 FE m 4 M ' M m 4 'm P P4 A L P P P P P P P p P I 1sR 0 1 2 3 4 5 
 6 7 0 9 0 1 
I 196 0.247 -0.2 0.4 -1.2 -0.4 0.0 0.2 0.2 O.? 0.4 U.6 0.4 

2 1961 0.248 -0.2 1.2 0.4 -0.2 o.n
-0.6 -0.6 0.0 -0.4 U.0 -O.
 
3 1962 0.267 0.0 0.2 0.6 -0.2 0.4 O.s 0.6 -0.2 0.4 1.4 1.0
4 1963 0.276 1.4 1.0 0.4 -0 0.j 1.4 0.4 0.6 -10 0. 6 _.05 1964 0.298 .0 0.6 0:4 0.0 0 -0.4 0.2 -0.2 -0.6 0.0 -0.26 1965 0.257 -1.8 -1.0 0.2 -0.8 0.8 -0.0 0.6 0.0 0.2 U.0 0.0

7 1966 0.211 -0.4 0.4 -0.'. 0.2 -0.2 -0.4 1.0 D.6 -0.4 -0.4 0.4
0 81967 0.4 -. 6 -0.80.305 -1.2 -1.0 -0.6 -0.? -0 -0.6 -o.4 -0.89 1968 46 -1.2 -0.8 -0.6 -1.0 -. 6 -0.6 0.0 16 0.2 0.2 1.2
10 1969 0.317 2.6 1.6 2.2 1.6 -0:.2 1.0 -0.2:00 0.4 -0.2-0.2
 

1970 o10. 06 0 . 10 1.4 0.4 0.6 0.2 0 .? 0.4 1.2 0.612 6 0.2 -0. -0. 0.2 -. -. -l. . 0 0.? -0.4
3 970 0 JS -o2 0- . 6 ? 4-0 6-0 8 0 0. 0.4 -U 4 0.0 

0:4 7 0. 04 qo.0: .2 0:2 :0 -80 -.o6 0.0 o-.-8:415 1974 0.368 -1.0 -0.0 -0:6 -0.4 -0.4 -0.4 -1.0 -1.0 -0.6 -0.6 -1.4 

P P P 
P P p 9 P R E R 

E E E E E C C C 
E F E E C C C C I I I0 P I I I I I I I I I P P P 
P P PP P P P P P I I 

S 1 2 3 4 s 6 7 8 9 0 1 

1 -0.4 -0.2 -O.0 0 -1.0 -3.4 14.4 -31.2 17.2 .4 -50.. -12.R 0.02 0.0 -0.2 -0.8 0 -1.0 -1.8 19.4 52.0 5.6 9.4 -64.1 -10.8 0.0
3 0.2 -0.2 -0.4 0 -1.0 -2.8 -28.4 -67.4 76.2 -57.2 -11.o 4..0 0.0

4 -0.8 -0.2 
-0.2 0 -1.0 -9.0 -11.6 - 6 1.? -244 1.U -12.6 .05 0.0 J.4 -0.8 0 1.6 17.6 18.6 2'3.2 67.6 '2.2 -63 . - F10.0 
6 -1.0 -0.2 0.0 0 -1.0 -0.0 -7.6 -63.6 47.8 -8.8 -8.e -1.2 0.0 
7 0.2 -0.? -0.0 0 -1.n -7.6 49.4 -100.2 -78.0 138.0 90.e - I a 0.6
9 -1.6 -0.2 -0.8 0 -1.0 -5.2 12.0 -22.0 -11.6 70.8 53.0 -125 0.09 1. 4 0.0 3.4 0 -1.0 -2.4 -11.2 -17.6 -127.2 -0.0 -11.b -11.0 0.0 

10 0.6 -0.? -0.8 0 3 2 -17. 4 V7.6 -86 54.6 _794 2.0 0.0
1.2 _0.2 0.8 0 :10 7:4 20.8 30.4 -60 -8.0 5.. :10 0.o1 -0.2 -0.4 0 -0.2 5.4 -0021.4 36. 6. 18 - -120 0.0
1.2 0.6 -0.8 0 -1.0 4 .6 -8 32.2 -75.6 -80.0 l05. 4 139.0 0.0
14 -0.6 -0.? -0.0 0 0.0 16.6 2.4 61.2 -24.0 -10.8 -57.b -12.0 0.0
 

15 -0.4 -0.2 -O.A 0 -1.0 -4.0 -31.4 70.8 
 31.2 -35.8 -41.0 -7.8 0.0
 

0 A Y T 
S 0 0 P T T RP P P 6 A P p p p 6 w P EO 6 6 6 R Q 6 6 6 . E N

R TE 0 T N N D
S 7 
 0 A D 9 n u D Y 

-16.8 3.6 13.6 -27.2 4 Ij 2 13 182 744 1 0.2 0.0
 
91.2 36.8 56 6423 801 1349 e 0.2 0.0


3 -95.8 -16.4 -72.0 -74.0 49 13 9170 271 5197 5487 - 0.2 0.01)6.6 10Q.4 . 00.8 39.0 104 3g06 ..146:j -1.6 51 21 1515 0.0
 
6 9 l 147 18644 11060 0. 0..4 6 4335 32
-7 .2 -. 0.2 -27.4 -6.0 4 4 064 410 60 0.2 0.07 -50.8 -125.6 14.o0 : 6 1 59 8 3 o.o 

S o61 70 17 833 21 2 0. 
10 0.2 614.4 -0.6 C00.6 71 23 4919 
41 7 14563 40252 10 0.C0.0
11 -21.2 -12.2 -98.6 -146. 63 18 449 149 9733 21522 11 0.2 0.0
1258.8 -109. a0. 65.876 3361 1930~2 4 28 0.2 0.
13 -41.6 -49.4 ;C5.6 -265.2 q3 j 10;0 Z?27 75573e 4 0. -0.: 

15 1' 6 42.6 33.6 -14.6 f)140~D 89 1123 0211 1'.G0e 0.039.4 
 73.6 39.6 8.2 59 22 1558 5424 1561 66 15 0.2 0.0
 

TABLE 5.28 Input Data for Modeling Cowpeas
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YIELD-WEATHER CORRELATIONS FOR COWPEAS 

CORRELATTON COEFFICIENTS / PROB > II UNJDER HO:RHO=0 / N = 15
 

YIELD
 

P6'8 PRECIPII P6 9 TEMPT TEMP8 PRECIP7 P61 10 PRECIP8
0,74827 -0.69436 0.65855 -0.60211 -0,59484 0,58823 0.56729 0.55164
0,0013 0e0041 0,0076 
 0.01 5 0.0193 0.0211 0.0274 0.0308
 
QP6 10 P6 7 0P6 9 PRECIPlO TEM:11 TEMP3 TEmP9 OP6 8


-0.54464 0.524u! -0.50226 -0.44510 -0.43b87 
 0,40777 -0,39732 -0.388 2
0.0358 0,0450 0.0563 0,0964 0.1035 0.1314 0.1425 0.1519
 
TEMP12 PRECIP12 TEMP4 TEMPI PRFC!P1 PRECIP6 TFMP6 PRECIP9


-0 37627 -0,28964 0.22915 0.22804 -0.22712 -0.16093 0.14914 
 0,14175
061669 0.2951 0.4113 
 0.4137 0.4156 0,5667 0.5958 0,5992
 
PRECIP4 TEMP2 PRECIP2 
 TEMP1O OP5 7 TEMP5 PRECIPS PRECIP3

0.14613 0.14351 -0.11676 -0.08609 -0.04411 -0.00927
0 .0 6 0q 5 0.00000
0,6033 0.6099 0.6786 0.7603 0.8292 0.8760 
 0,9738 1.0000
 

TABLE 5.29 Correlation Analysis for Cowpeas
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COWPEAS YIELD MODEL 

MODEL: MODELOl SSF 0.012289 F RATTO 11.OR
 
OFF 11 PPOR>F 0,0012


DFP VAR: YIELD MSE 0.001117222 P-SOuARE .,7513
 
PARAMETEP 
 STAND4RD
 

VARIABL DF ESTIHATE EPROP T RATIO PRnf>ITI o
 
INTERCEPT 
 1 0.292804 0.011407 25.6696 0.0001
P6 9 1 0.0001863911 .00009260527 
 2.0127 0,0693
QP6 9 1 -0.00000157 6.37715E-07 
 -2.4619 0.0316
TEMP7 1 -0.057406 0.017563 
 -3.2686 0.0075
 

TABLE 5.30 Cowpeas Yield Model Using DFN of Jume-September
 
Rainfall (P6_9), SDFN of June-September Rainfall
 
(QP6_9), and DFN of July Temperature (TEMP7).
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TABLE 5.31 Senegal: Crop Yield Models Summary Table 

CROP a b1 XI b2 X2 X2 b3 X X R2 s.e. 
(mt/ha)
 

Groundnut(l) .82 .0074 P6_9 753.4 -.0902 TE2MP7 28.1 68% .09
 

Groundnut(2) .87 .0004 P6_0 826.4 -l.9x106 QP6 10 826.4 -.0944 TEMP7 28.1 
 71% .09
 

Maize (1) .80 .0006 P6_8 482.6 59% .05
 

Maize (2) .83 .0003 P6 9 684.9 -1.7x106 QP6 9 684.9 58% .05
 
0 

Millet (1) .50 .0005 P6_9 647.8 -.1146 TEMP7 28.7 84% 
 .04
 

Millet (2) .50 .0005 P6_8 712.3 -.1029 TEMP7 28.7 78% .04
 

Cowpeas .29 .0002 P6_9 706.5 -1.6xlo6 QP6_9 706.5 -.0574 TE=4P7 27.9 75% .03
 

STATIONS
 

Groundnut Models: Dakar/Yoff, Diourbel, Kaolack, Kolda, Matam, Tambacounda, Yundum, Ziguinchor.

Maize Models: Dakar/Yoff, Diourbel, Kaolack, Kolda, Matam, Yundum, Kedougou.
 
Millet Models: Dakar/Yoff, Diourbel, Kaolack, Kedougou, Kolda, Linguere, Matam, Podor, Tambacounda, Ziguinchor.
 
Cowpeas Models: Dakar/Yoff, Diourbel, Kaolack, Kedougou. Kolda, Tambacounda.
 
Rice Models: Dakar/Yoff, Diourbel, Kaolack, Kedougou, Kolda, Linguere, Matam, Podor, Saint Louis, Tambacounda,
 

Yundum, Ziguinchor.
 



CHAPTER VI 

ASSESSMENT PROCEDURES 

This chapter describes the structure of climatic impact assessments, the 

types of assessments proposed for Senegal, the agroclimatic models, display of 

the data, steps in making an assessment and comments on user interpretation of 

assessments. Test and evaluation procedures for the period May-October 1983 are 

also discussed. 

A. Definition and Assessment Format
 

1. Definition
 

The climatic impact assessment is a concise statement which provides deci

sion makers with quantified information on the current or potential effect of
 

climate and weather variability on some aspect of socio-economic activity.
 

Assessments could address agriculture and food security as discussed in this
 

study, other economic sectors (e.g., fisheries, energy, transportation,
 

construction, recreation, health, etc.). The assessment provides decision
 

makers with needed information on climate impact, one of the many factors which
 

influences policy and economic planning. Assessments represent a method for
 

converting meteorological data into economic information. This process can be
 

viewed as a means for interdisciplinary communication and in many cases promote
 

interagency dialogue.
 

The meteorologist prepares a basic assessment from agroclimatic models and
 

real-time meteorological input data. The assessment is provided to users such
 

as food security managers, economic policy analysts, agricultural statisticians,
 

extension officials and others. They can use the assessment to supplement
 

information from other sources avp 'able to them. This process can frequently
 

benefit the user's individual products, reportb and forecasts. For example
 

ll
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the agricultural 3tatistician or economist involved in the crop production and 

yield forecast problem can combine the assessment with analysis from area farm 

survey results, crop cutting reports, farmers reports and other data sources. 

There are no fixed rules for preparing an assessment and it is very impor

tant to adapt the assessment to individual user needs. However, the following 

basic structure is recommended. 

2. Format 

The format for an assessment includes the following sequential statements: 

1) Impact, 2) Perspective, 3) Model Results, 4) Weather Analysis and 5) Support 

Information. Only information and data relevant to the impact are used in 

statements 2 through 5. These justify the impact statement.
 

Impact 

This is the statement which directly communicates needed information to the 

decision maker. The terminology is strictly associated with the user's 

discipline. Preparing the impact statement is the most difficult task of the 

assessor. It must be objective and clearly stated.
 

Some example statements could include: 1) There will be a crop failure in 

Region X due to drought, 2) Crop conditions are very poor in Region X and poten

tially represent the worst case of crop failure in the last 10 years, 3) There 

is the potential for isolated food shortages in Region X due to severe drought, 

or 4) Agricultural crops are in very good condition and the prospects for this 

year's harvest are exceptionally good. If abnormal rainfall was a problem in 

the early part of the growing season, the impact statement could be, "Farmers 

probably could not plant" or "Planting was delayed due to a delayed rainy season 

(heavy rains)", etc. 
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The impact statement does not include any technical discussion of meteoro

logical events or data. These are described in subsequent portions of the
 

assessment.
 

Perspective Statement
 

The perspective statement can be used to qualify the impact by describing 

the expected scope and magnitude of the potential problem. For example, the 

statement that a maize crop failure is likely in Region X could be followed by a 

statement which describes the favorable situation at other locations within 

Region X or other regions in the country. Another example is, "This is the 

worst drought in the past 30 years." The decision maker is provided with infor

mation on, "How large is tI-e expected problem." 

Model Results
 

The perspective statement is followed by a discussion which lists the quan

titative results from the assessment models. The model could be a drought or
 

crop condition index, a statistical crop yield model or soil moisture infor

mation. The model output is presented as a percent of normal or percentile
 

rank. For example, the statement could be "Agroclimatic/crop condition indices
 

are 60 percent of normal which is below the 20th percentile", or "The southwest
 

monsoon index is at the 5th percentile which has a probability of occurrence of
 

about one chance in 20." Decision makers frequently find it useful to know how
 

this year's information compared to last year (e.g., as a percent of last year)
 

or by also listing recent good (poor) years which are comparable. For example,
 

an assessment of crop conditions made at the end of August and describing con

ditions as bad or worse than conditions in Senegal during 1979 would be well
 

understood by users. 
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Weather Analysis
 

The weather analysis section describes the weather and climatic conditions 

which were associated with the impact. Only relevant information and data are 

provided. Information such as seasonal rainfall amount, monthly rainfall, trop

ical storm conditions, etc., are provided. Statements on the behavior of the
 

monsoon (erratic, late arrival, early retreat, etc.,) are included. This is the
 

classical weather description.
 

Support Information
 

The very last portion of the assessment is optional and provides reliable
 

support statements taken from secondary sources of information. For example, 

reports from the field would be appropriate. News media accounts are generally 

not recommended.
 

B. Types of Assessments for Senegal
 

This study developed three types of assessments including: 1) Drought Early
 

Warning, 2) Agricultural Crop Condition and 3) Weather Advisories for the
 

Extension Servic.,. Depending on the user's requirements, the drought early
 

warning and crop condition assessments can be combined into one report. Tie
 

advisory assessment for the extension service should provide weather analysis in
 

great detail and considerable information and data on soil moisture. A table
 

providing soil moisture estir.tes for each month could be included. The spe

cific requirements and format desired by users must be obtained.
 

C. Frequency for Making Assessments
 

The models developed in this study use monthly meteorological data; there

fore, primary assessments are made within about 5 days after the end of each
 

month during the growing season. However, update assessments providing current
 

weather and other qualitative information can also be provided each week or
 

every two weeks. These help the user maintain continuity. 
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on theFrequently, users require special assessment reports which elaborate 

potential impact problems. These could be 5-10 page reports. 

could be developed from decadal meteorological data (e.g.,Assessment models 

10 day total rainfall) and assessments made every 10 days. 

D. Assessment Models
 

1. Primary Models
 

The primary assessment models to be tested include the Generalized Monsoon
 

Index (GMI) for the June-September rainy season, the Yield Moisture Index (YMI)
 

defined for cowpeas, millets, maize, rice and groundnuts, monthly soil moisture
 

estimates determined from the Palmer two-layer model and preliminary statistical
 

climate/crop yield models for cowpeas, millets, maize and groundnuts.
 

The historic indices have been summarized in computerized tables and time

series plots for each station in Senegal (see Chapter V for examples). The
 

index is listed for each year and assessment period (GMI: Table 5.3 and Figure
 

Indices are expressed in
5.1; YMI: Tables 5.4-5.7 plus Figures 5.2 and 5.3). 


raw numerical form as well as percent normal and percentile rank. Percentile
 

Each table can be used as a worksheet to compute
ranks range from zero to 100. 


(1982, 1983, jtc.). Current year
real-timn index values for the current year 

index values can also be placed on the time-series plots for analysis. The
 

tables and graphs permit the assessor to easily make comparisons with previous
 

index years.
 

Each index has also been summarized in tables which provide index values for
 

This is useful in performing a spatial
each lonation but for a specific year. 


analysis.
 

Soil moisture tables provide monthly moisture estimates for each layer in
 

the soil (see Table 5.14).
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2. Secondary models
 

The climatic diagram and the Palmer Drought Index (PDI) are very important 

secondary assessment tools. The climatic diagram can be determined from the 

soil moisture budget tables; however, the PDI (Figure 5.6) is usually calculated
 

on a computer.
 

The climatic diagram can be presented in either table or graphic format. It
 

is very useful as a tool to analyze conditions during the progress of the crop
 

season.
 

The extension service and other users may be interested in receiving this
 

information as a regular assessment product. Variables would include monthly
 

rainfall, normal Potential Evapotranspiration (PET), Actual Evapotranspiration
 

(AET), Soil Moisture (SM) and runoff. Rainfall or soil moisture ncrmals could
 

also be added.
 

It is also possible to define normal PET values for 10 day periods within
 

each month. These can be used with real-time, decadal rainfall to provide the
 

climatic diagram assessment every 10 days. Daily assessments can also be devel

oped. For example, NOAA/ATSC converts monthly rainfall normals into daily nor

mals. This same process could be used with PET.
 

E. Display of Data 

In addition to the tables and graphs discussed above for the index models 

and climatic diagram, there are other useful ways to display the data for 

enhanced analysis. For example, it is useful to prepare station location maps 

and to spatially analyze rainfall data and index values. Rainfall data can be 

plotted as a percent of normal for individual months or the growing season.
 

Cumulative rainfall during the growing season can be displayed on a graph which
 

also shows the normal cumulative rainfall.
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F. 	Steps for Preparing Assessments 

Some of the suggested procedural steps for preparation of an assessment 

include: 

1) Obtain monthly rainfall data for the assessment stations and conduct 

quality control. Perform a spatial analysis. 

2) Enter the rainfall data into the tables for the GMI, YMI and Soil 

Moisture. 

3) Calculate the raw values for the GMI and YMI for the assessment period, 

as 	appropriate.
 

4) 	 Calculate soil moisture, AET, etc. 

5) 	Use the historic index tables to calculate percent of normal (YMI & GMI) 

and 	interpolate the percentile rank from the tables. 

6) 	Plot the GMI and YMI percentile rank on the historic time-series plots. 

7) 	 Determine climatic diagrams for the current year. 

8) 	 Prepare maps which indicate the spatial variability of rainfall (percent 

normal) and indexes (percentile rank). 

9) Prepare the assessment uoing the above results and in the recommended 

format as outlined above, and 

10) Obtain approval for the assessment and distribute to users in the 

Ministry of Agriculture and others, as appropriate. 

G. 	Comments on Interpretation of Assessments by Users
 

The assessment should be viewed as an additional source of information
 

that is available for making decisions on drought early warning, crop condition 

analyses and extension services. The assessment only provides information in 

potential or actual climatic impact. It does not consider the many other fac

tors, for example, which could cause crop yield variability. These may include 

changes 	in planted area, fertilizer and pesticide applications, varieties and
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other management decisions; crop losses due to pests are not assessed. The 

assessment is most reliable for potential drought impact, not flooding damage or 

other extreme weather events.
 

Drought impact can be reliably assessed by about 30 days before the crop 

harvest. This may represent as much as 3-6 months lead-time before economic 

impacts. 

H. Comments on Test and Evaluation
 

It is proposed that the assessment models be tested and evaluated during the 

growing season. Test assessments would be prepared at the end of May, June, 

July, August, September and October. These would be provided to users. 

The purpose of this test period is to evaluate the models, learn how to 

interpret them, gain experience in preparing the assessment alnd to establish a 

dialogue with users. The users needq must be deternined and their comments are 

very necessary. 



CHAPTER VII
 

SUMMARY AND RECOMMENDATIONS
 

This program focused on rainfed agriculture in Senegal because of its 

drought vulnerability. The climatic impact assessment models developed during
 

this program should be tested and evaluated before operational assessments are
 

provided to users. Test assessments based on real-time meteorological data can
 

be provided to interested users in government. Assessments can be evaluated and
 

verified according to user comments and reliable field reports. The usefulness
 

of the agroclimatic indices and models can be determined. It is also desirable
 

that similar models be developed for other regions. This can lead to a national
 

climatic impact assessment program.
 

The major goal of this assessment program is to help decision makers and 

economists mitigate potential climatic impact on crops and the national economy 

by providing reliable, timely, yet inexpensive information on potential climatic 

impact. The assessments obtained from the models can be made 30 days in advance 

before harvest.ng of crops. This can represent a 3-6 month lead-time before 

national and regional economic impacts occur. This should certainly help users 

either in the governmental agencies or the public make economic decisions 

ranging from drought mitigation to land use planning. 

One advantage of these agroclimatic indices and models is that they are
 

simple. The assessments and models are purposely designed for manual operation.
 

However, it is desirable to have computer facilities for faster and more
 

accurate processing. In addition, more information concerning the phenological
 

stages of the main crops at the provincial level should be obtained and analyzed
 

together with the available climatological information. Finally, knowledge of
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local practices constitute an important requirement for the modeling as well as
 

for the testing of the model.
 

The Meteorological Department has agreed to be the NOAA/UMC focal point in 

Senegal for this technology transfer program and also to provide climatic 

impact assessments to appropriate agricultural and economic agencies. Thus, a 

staff or working group in this program should be set up. Cooperation with all 

other government agencies that deal with agriculture, land use and economics 

will help make the program worthwhile. Meetings between the staff and other 

governmental officers should be held to determnine what other agencies need or 

whether they prefer to have the assessments made for some particular cases, 

areas or periods. Exchange of knowledge and real-time data on meteorological 

elements or agricultural information, soil condition, phenological data, yield,
 

etc., should be encouraged. Local knowledge is also important. It can be pro

vided either from other government agencies or through field surveys. The
 

models and assessments will be of higher efficiency and more accurate if both
 

the meteorological and agricultural experiment stations are linked together,
 

i.e., the agricultural stations should have weather instruments installed within
 

the area so meteorological elements there can be observed. As a result, the
 

models obtained will be well represented in that region and greater efficiency
 

in assessments can be provided.
 

The models developed will be tested and evaluated in 1983. Thus, the first
 

trial assessments will be made and their usefulness can be estimated. Some
 

adjustments will probably be made to improve the models in various areas.
 

It is hoped that this technology transfer to Senegal will help the govern

ment mitigate potential drought impact on the regior as well as the country.
 

Early warning and preparedness for severe weather impacts on both agriculture
 

and the economy can be made. 



121 

REFERENCES
 

Achutuni, V.R., L.T. Steyaert and C.M. Sakamoto, 1982: Agroclimatic Assessment
 
Methods for Drought/Food Shortages in South and Southeast Asia - Test and 
Evaluation: Final Report to the Agency for International Development U.S. 
Office of Foreign Disaster Assistance, Washington, D.C. by the National Oceanic 
and Atmospheric Administration; Assessment and Information Services Center 
(AISC) Climatic Impact Assessment Division - Models Branch and the
 
Atmospheric Science Department, University of Missouri - Columbia, June, 1982.
 

CEAS, 1979: "Weather-Crop Yield Relationship in Drought-Prone Countries of
 
Sub-Saharan Africa," Final Report to the U.S. Department of State, Agency
 
for International Development, Office of Foreign Disaster Assistance,
 
Washington, D.C. by the NOAA/CEAS, Climatic Impact Assessment
 
Division-Models Branch and the Atmospheric Science Department, Univrsity of
 
Missouri-Columbia.
 

Doorenbos, J., and W.O. Pruitt, 1977: "Gaidelines for Predicting Crop Water
 
Requirements," FAO Irrigation and Drainage Paper 24. Food and Agricultural
 
Organization, Rome.
 

Hargreaves, G.H., 1975: "Water Requirements Manual for Irrigated Crops and
 
Rainfed Agriculture," Agriculture and Irrigation Engineering Department,
 
Utah State University, Logan, Utah, 94pp. 

Hargreaves, G.H., 1177: World Water for Agriculture, Utah State University, 
pp. 177. 

Palmer, W.C., 1965: "Meteorological Drought," Research Paper No. 45., U.S.
 
Department of Commerce, Washington, D.C. 

Penman, H.L., 1948: "Natural Evaporation from Open Water, Bare Soil and Grass," 
Royal Soc., London Proc., Ser. A., 193: 120-145. 

Ravelo, A.C., and W.L. Decker, 1979: "The Probability Distribution of a Soil
 
Moisture Index," Agric. Meteorology, 20: 301-312.
 

Steyaert, L.T., V.R. Achutuni, and A.C. Ravelo, 1979: A Study of the Caribbean
 
Basin Drought/Food Production Problem. Final Report to U.S. Department of
 
State, Agency for International Development, Office of Foreign Disaster
 
Assistance, Washington, D.C. by the NOAA/AISC, Climatic Impact Assescmcnt
 
Division - Models Branch and the Atmospheric Science Department, University
 
of Missouri - Columbia.
 

Steyaert, L.T., V. Rao Achutuni and Atanas Todorov, 1981: "Agroclim.tic
 
Assessment Methods for Drought/Food Shortages in South and Southeast
 
Asia - Proposed Early Warning Program," Final Report to the Agency for 
International Development, U.S. Office of Foreign Disaster Assistance,
 
Washington, D.C. by the National Oceanic and Atmospheric Administration,
 
Center for Environmental Assessment Services, Climatic Impact Assessment 
Division Models-Branch and the Atmospheric Science Department, University 
of Missouri - Columbia. 



122
 

Thornthwaite, C.W., 1948: "An Approach Toward a Rational Classification of 

Climate," Geographic Rev., 38: 55-94p. 

Yao, A.Y.M., 1969: "The R-Index for Plant Water Requirements," Agricultural
 

Meteorology, 6: 259-273.
 

Yao, A.Y.M., 1973: Evaluating Climatic Limitations for a Specific Agricultural 

Enterprise. Agric. Meteorol.; 12: 65-73 


