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, EKECUTIVE SUMMARY S
PROPOSED AGROCLIMATIC ASSESSMENT METHODS FOR EARLY HARNING OF
' DROUGHT/FOOD SHORTAGES IN THE HORN OF AFRICA ‘

| 1/'
by Atanas V. Todorov, V. Rao Achutuni and Lou1s T Steyaert‘

The Agency for International Development (AID) needs reliable early
warn1ng of potential food shortages to make decisions affecting many of its
‘programs for disaster preparedness, relief assistance and food security in
the Horn of Africa. These agriculturally oriented economies are highly
vulnerable to climate variability. Severe drought and flooding have h1stor1
cally led to crop failures, economic losses and famine., For these reasons,
the AID/Office of U.S. Foreign Disaster Assistance sponsored this project,
Agroclimatic Conditions and Assessment methods for Drought/Food Shortages in
the Horn of Africa.

The objectives of the project were accomplished. An inexpensive Early
Warning program was developed to provide reliable, timely information on
potential food shortages triggered by climatic events. Computerized data
bases were assembled and used to determine historical relationships between
climate anomalies, crop failures and the causes of abnormal food shortages.,
Qualitative impact assessments of unusual and severe weather events were pro-
vided to AID/OFDA on a biweekly and monthly basis during the project.

The Early Warning Program is based on 1) weather assessments and 2)
monthly assessments of crop conditions. Weather assessments begin with an
analysis of precipitation amount, the most important meteorological element
influencing crop productivity in the sub-tropics. Regional rainfall esti-
‘mates are determined from ground station reports received through an inter-
national communications network. Satellite cloud data are used to improve
the accuracy of precipitation estimates, particularly in those regions where
weather data are sparse and unreliable. Weather data are then interpreted by
applying agroclimatic indices which indicate potential crop production in
relative terms. Finally, the potential for abnormal food shortages is iden-
tified from these indices.
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Chapter'I
S : ) INTRODUCTION S e
The Agency for Internationa] Deve]opment (AID) needs re11able early
warn1ng of potent1a1 food shortages to make decisions’ affectlng many of 1ts
programs for disaster re]1ef, preparedness, and food secur1ty in the Horn of
Africa. These agriculturally oriented economies are highly vulnerable to-
climate variability. Severe drought and flooding have historically led to
crop failures, economic losses, and famine. For these reasons, the
AID/Office of U.S. Foreign Disaster Assistance sponsored this project:
"Agroclimatic Conditions and Assessment Methods for Drought/Food Shortages
in the Horn of Africa." B
The project covers four developing countries in this part of the
continent: Sudan, Ethiopia, Somalia and Djibouti (Figure 1,1). The first .
three countries were divided into agroclimatologically homogeneous reg1onS°'

the total number is twelve.
The objectives of the project were: e
1. To study the existing agroclimatological conditions, agr1cultural
| practices and food security in each country and region. , i\"‘
2. To coilect and compile a meteorological data base to adequately
| | cover the whole territory of each country. , g
'3, To collect and ‘compile a crop data base for each country..
4. To study the relationships between weather and cl1mate ano the
_%ifoperformance of the agricultural crops. ' ‘ L
zf:S;- To develop a timely, reliable, yet inexpensive Early warning PrOgram‘
for operational assessments of the current agrometeoro]og1ca1 con- ‘
ditions, the state of the crops and the. potential for food shortages .
o triggered by weather events, ‘ :
hw”*_6. To test and evaluate the Early warning Program; R

The preparation of the final report of the proaect is planned to be
vaccomp]1shed in two stages: Part One (this report) covers the f1rst f1ve
fobJect1ves of the project, while Part Two will cover the sixth.

It is expected that the findings of this project, after being dissem-
inated to Africa, will aid agrometeorologists and agronomists as well as
policy and decision makers in each country. A better understanding of the
relationship between weather and agriculture will help them to achieve the1r ﬂ
short and long term goals for increasing the food security in their countr1es.



,,,,,,

Maps and tables for. the ent1re Horn of Afr1ca, rather than the 1nd1v1-
dual" countr1es, are included in this Chapter., , RS ;,"gffoi

Regional agroclimatic indices are the core of the program. Var1ous
historical data bases were developed to determine the appropriate index for

veach region.. Local agricultural practices, 2pisodic event reports and
results of experimental studies were incorporated in the choice of each-
index. Episodic event reports on documented occurrences of fam1ne,
drought, crop failure and other events are used to establish critical
thresholds for potential food shortages and interpret indices. -

Agroclimatic indices and associated crop calendars for major food crops
were defined for 12 agroclimatically homogeneous regions throughout
the Horn of Africa. Historical meteorological data (1950-1980) from more
than 60 stations were used to compute the indices.

Before the Early Warning Program in the Horn of Africa becomes operational,
the indices should be tested. The proposed evaluation should include: 1) sta-
tistical testing, 2) refinement and calibration, 3) routine test assessments, 4)
user feedback and 5) continued development. This would provide experience in"
preparation of climatic impact assessment reports, '

This brogram can potentially benefit AID by:

1) increasing the lead time for planning food assistance strateg1es,

2) enhancing the U.S. capacity to identify disaster cond1t1ons ‘thus
improving recommended measures for disaster avo1dance and mitiga-
tion, and

3) transferring agroclimate technology to developing countries.

The methods proposed in this report are based on sound agroc11mat1c
principles, which have been adapted to existing local agricultural pract-
ices. This Early Warning Program can provide timely, reliable yet inexpen-
sive information 30-60 days before harvest of the crop. This could poten-
tially represent a 3-6 month warning prior to drought-related food shor-
tages.
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*ﬁLaﬁdlUsé“(in 1,000 hectares) in the Horn‘of Africa

;  I§b1e LL1;
‘ ; Annual crops |(Perennial crops| Pastures Irrigated area
Country |Total
area 1969-71 | 19801969-71 | 1980 [1969-71| 1980 | 1969-71| 1980
Sudan 250,581} 11,665 {12,360 35 57 56,000{56,000 | 1,250 |1,750
Ethiopia |122,190| 12,610 [13,150] 723 730 45,897]45,400 55 60
Somalia 63,766 | 1,010 | 1,050 13 16 28,850] 28,850 163 165
Djibouti 2,200 1 1 - - 244 244 1 1
Table 1.2. -Population in the Horn of Africa
| S B Population Economically active population
:Country”’|Year Population
‘ total |agricultural]| total |agricultural percent in |density 2
(in thousands) (in thousands) agriculture| (persons/km”)
Sudan {1970 | 14,090 | 11,544 4,516 3,703 82.0 5.6
" 1981 {18,901 14,415 5,844 4,457 76.3 7.5
Ethiopia {1970 | 25,450 21,414 11,081 9,323 84.1 . 21.6
" 1981 | 32,158 25,259 13,176 10,350 78.5 26.3
Somalia 1970 { 2,789 2,361 1,084 918 84.7 4.4
" 1981 | 4,895 3,891 1,867 1,484 79.5 7.7
Djibouti (1970 95 - - - - 4.3
' 1981 323 - - - L~ 'Al4;7
Table 1.3. Per capita production of basic foods (in kilograms)
. ‘in the Horn of Africa in 1981 : 4
, ‘ Roots & tubers, ‘ - Groundnuts
Country | Cereals, total total Pulses, total| in shell | Sesame
Sudan 187 16 4 42 11
Ethiopia 136 46 20 1 1
Somalia 56 8 j2~ 2 2




Sik’syﬁbqiéi(//7]//)wlndlénte a month; three symbols (///) indicate half month; two symbols N inﬁ;ééte‘t;n}

Table 1.4,  CROP CALENDAR FOR THE HOKN OF AFRICA

d§y§~

111111 = souing 000000 = ripeness
Country and regfon Crop Jan Feb Mar Apr - May June | July i Aug Sep Oct |, Nov Dec
Sudan: Westcentral, Central | sorghum & millet 1 000000 |000
and Eastcentral mafze 1111111 000000 {000
groundnuts & sesame 1111111 000000 |000
sorghum & millet IV 000000000 {000
Sudan: Southeast maize Hiynng 0001000000 {000
groundnuts & sesame 111111111 000000000000
sorghum & millet 111110111111 0000{000000
WSudan: Southwest maize IV 000000 | 000000 {000
groundnuts & sesame 1171111114111 000
teff 1IN 000000000000 |000000
] sorghum 000000 AL 001000000 }0006000 030000
iEthlopin millet 000 I i 00]000000 000000 ;000000
. maize 000000 111111V 1111124111 000 [000000 |000000 {000000
wheat 000000 {00 111Vttt 000000000 {000000
barley 000000 IV e 000000000 000000
omalia: South sorghum & millet 1111111111 000000 000000} 000
F L maize 111111 000y 000000




'CHAPTER 1
' SUDAN

A.- PHYSICAL ENVIRONMENT

7 Sudan is the largest state in Africa. It stretches abo  51 950 km from
north to south, and about 1,400 km from east to. west. Theff v of the
country is about 2.5 million square k1lometers. There are three maJor
topographic areas in the country. ' : ‘ o

1.)" Nile River Valley. The river flows from the southern border. with

Uganda to the northern border with Egypt (Figure 1.,2). The White Nile comes
from Uganda, the Blue Nile from Eth1op1a. They merge at the capital,

Khartoum, : o

Major tributaries tolthe Nhite Nile (a]so known as Bar el Jebel) are
Bahr el Ghazal flowing from the Southwest and the river Sobat from Ethiopia.
Together with many other smaller tributaries, these rivers feed a huge swampy
area in the ffat plain of Southern Sudan {east, west and south of Malakal,
Figure 2.8). Soils in the White Nile basin are mostly fine, impermeable clay,
often with high salt content and poor drainage. The natural vegetation in
the swampy areas is mainly reed and papyrus, while brush grass savannah pre-
vails in areas with better drainage. The White Ni]e‘isvhayigab]e throughout
the year between Juba and Khartoum. The a]tityde'Qf‘thekwhite Nile basin is
mostly between 400 and 500 meters. LE

The Blue Nile basin is much shorter but very 1mportant agr1cu1tura]1y
because water from the Blue Nile and several tributaries- is used for 1rr1-
'gating numerous commercial plantations. Soils in the Blue Nile Basin are |
also flat and clay, but are quite fertile. There are on]y a few swamps - here.'
The altitude of the area is also mainly betwen 400 and 500 meters. ‘

North of Khartoum the Nile flows faster; the a1t1tude decreases-from'h
about 380 m at the capital to about 150 m at Wadi Halfa at the Egyptiahf”'_
border. The valley through which the Nile flows is narrow, but irrigated
crops are planted on both sides of the river. Soils are shellow and sahdy;‘
The river has six rapids called "cataracts". There are few tributaries. The:
Atbara, coming from Ethiopia, is a relatively large one. ‘The low-water
season is between January and June (Atbara is nearly dry). The high-water
season is between July and October, with a peak in August.
| 2.) Mountains. Sudan does not have a pronounced mountainous area.
Sudanese mountains are very localized, and.some of them are more like hills.



In the Nestcentra] agroc]1mat1c region (Figure 2 l) are the Marra mountains,
or Jebel Marra, with the h1ghest peak 3,080 meters (Figure 1 2) Nuba moun-
‘tain, or Jebel Nuba, is in the central agroclimatic region with highest peaks
'at‘i 020 and 1,450 m. In the southeastern-most corner of the country are the
Imatong (3,187m) and Boma (2,200m) mountains. Along the Red Sea Coast are-
| the Red Sea Hills, with the highest peak 2,260 m, and the Hamoyet mountainvlf
(bordering Ethiopia), which rises to 2,780 meters.' Most of the Eth1op1an fjff
border is hilly.. S o
3.) Plains. The rest of the country‘consists of pTains; In"sOme loca-
tions they are flat, in others they are undulatzd and gradually become hills.
The altitude generally decreases from south to north as well as towards the
Nile river or the Red Sea. Most of the plains in the southern half of the
country have an altitude of about 450-800 meters, wh11e in the northern half
of Sudan the preva1l1ne altitude is between 200 and 800 meters. The soils
are light and sandy; on many locations in the central regions of the country
soils have enough loam, clay and nutrients to make them reasonably fertile.
The plains in the south are cut by small rivers and streams, many of which
disappear during the dry season. The pla1ns north of the 150 mm annual rain-
fall isoline (Figure 2.2) are desert with sand dunes in many areas.

B. CLIMATE :

The climate of Sudan varies considerably from one area to another. This
is due not only to the large size of the country, but also to its geograph1-_
cal location in an area of the African continent where c11mat1c cond1t1ons
change rapidly.

1. Rainfall

The ra1nfa]1 amount tends to increase gradually from north to south
The mean annual amount of rainfall in the desert along the northern border
with Egypt is only 1-2 mm, while it reaches 1, 600 mm in some of the trop1ca1‘7
mountainous areas along the southern border with Uganda (Figure 2.2). Amongfd
the stations for which historical meteorological data are available, the v"
driest is Wadi Halfa with an average annual rainfall of only 4 mm and the .
wettest is Yambio with 1 ,475 mm (Table 2.8). Indicated on Figure 2.2 are.
also the southern 1imit of the desert, which approaches the 150 mm annual

ainfall 1so]1ne, and the northern limit of ra1nfed farming, which co1nc1desif

with the 350 mm isoline.. ' e

The country has been d1v1ded 1nto s1x agroc11mat1c reg1ons (F1gure'f;;
2.1). The mean- reg1ona1 rdlnfa]] 1n the North 1s on]y 70 mm per year, wh11e G
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the three important regions in the central belt of the country (Westcentral,
Central and Eastcentral) receive around 500 mm. The Southwest is wettest
with about 1,200 mm annually. Extra attention should be paid to regional
rainfall, especially in the three central belt regions, because rainfall
amounts increase greatly from north to south within the regional boundaries.

Sudan has oniy one rainy season per year. In the agriculturally
important three central belt regions, the rainy season normally begins in
the second half of May and lasts until October (Figure 2.1). Towards the
.south “the rainy season begins earlier and lasts longer, As indicated on
Figure 2.3 the duration of the rainy season differs considerably within the
boundaries of each region. Nationwide, the duration of the rainy season
ranges from 1 month in some areas of the centra] belt to 7 months in the
south of the country.- '

Besides spatial variations, rainfall, as known, has also temporal
variability. From an agrometeorological point of view, these variations are
of greatest importance because they are the main factors determining crop
yields in individual years. The highest and lowest monthly and annual rain- .
fall amounts at selected stations in Sudan are shown in Table 2.3. o .i

Another parameter characteri21ng the rainfall regime in a countryiis:“
the number of rainy days. In Sudan, the mean annual number of days with ~ﬁ '
rainfall > 1.0 mm ranges from one day in the north to over 100 days in the -'v
south (Table 2.2). For most stations the highest number of rainy days 1s inf
August. ‘
2. Air Temperature T

- Sudan's weather is warm, even hot, throughout most of the year i

’(Tabie 2.4)., During the crop growing season (which is the rainy season) the f
mean daily temperature in the’ agricuitural areas of the country 1s mostly g
between 25 and 300C. In many areas of the central belt of the country the
daily mean maximum temperatures exceed 4] -420C, - o :

| There are two distinctive differences between the temperature regi-
mes of the northern and southern parts of the country., First, the seasonal
tdifferences in the north are much greater, The mean annual temperature range’
*(the difference between the mean temperature of the warmest and coldest :

;months of the year) in the northern areas is between 15 and 180C, while in

nthe{50uthern areas temperatures are moreyuniform; the annual range is on]y~«fr




4- SOC.v Second the seasonal variat1ons 1n the northern areas are typ1cal for
the northern hem1sphere, w1th the h1ghest values around July and the . ]owest
around January. In the southern areas however, desp1te the fact that ,f
geographically they are the northern hem15phere, the seasona] temperature
variations are very close to those of the southern hem1sphere.’ Here the

coldest months are July and August

3. Relative Humidity S e

Relative humidity is closely related to the rainfa]l reg1me - the __t
higher the rainfall amount, the h1gher the relative hum1d1ty., There 15, '
therefore, a yeneral increase in the relative humicity (daily, monthly,', ?
seasonal and annual) from north to south (Table 2 5). Coasta]_areas S
naturally have higher relative hum1d1ty. . -
The seasonal variations of relative humidity are h1gher in the

south, ‘where seasonal rainfall variations are also greater. In August the
_ re]ative humidity reaches 80%, while in February or March it drops to 25-40%.
In the central belt of the country, the relat1ve hum1d1ty varies mainly het-
ween 70% in August and 20% in March. ' '
- 4, Sunshine Hours IR

The number of sunshine hours per day 1s also closely related to the
;ra1nfa11 regime. During the rainy season the number of daily sunshine hours
{u1s,sma11er, during the dry season it increases (Table 2.5). The number of
hdai]y sunshine hours during the crop growing season (the rainy season) is
ijabout 7 to 10h in the central belt, and 5 to 8h in the southern areas of the
‘Ptountry. The desert areas in the north have close to the maximum poss1ble
number ‘of sunshine hours, some of the highest in the world.

- C. AGRICULTURE
1. Crops- o
| The most w1despread food crop in the Sudan and the staple food for

most of the population is sorghum, grown on over 3 million hectares (Table
i 2;6).' Locally it is called "durra." Its wide use can be attributed mainly
‘fto»its drought tolerance. The water requirements of sorghum are lower than
=3those of maize but slightly higher than those of millet. Unlike maize,

‘SOrghum gives a reasonable yield not only when the rainfall amount duriny .
' the growing season is below the optimal, but also when the distribution of
rainfall is very uneven (long dry spells). Sorghum has seeds more or less
~as nutritional as maize and yields reasonably, generally more than millet



~and even better than maize 1n the drier are_,.ZSeveral var1et1es of sorghum
are grown in Sudan each hav1ng slightly different b1olog1ca1 features. =~

The second most important food crop 1n the Sudan is bulrush mil]et,
grown on 1.25 million hectares. Locally it is ca]]ed "dukhn." It is the
most drought resistant cereal crop, making it very suitable for the arid _
areas of the country where other cereal crops will fail due to inadequate“'
rainfall. Millet yields less than the other cereals but the seeds are nutrl-
tious, containing some protein and minerals in addition to starch, Farmers 5
in the south grow finger millet rather than bulrush millet. b_,,:\:

Relative]y large areds are planted with groundnuts and seSame;»'fhe}j
latter is grown for the production of cooking oil. Part of the annua]vpro-v
duction of groundnuts and sesame is exported. -

Some other food crops, in order of the size of planted area, are
wheat pulses (dry beans, broad beans, peas), maize, cassava, rice, bananas,
veqetables, and fruits.

The most important commercia] crops in the Sudan are cotton
(one-third of the world's produCtion of long-fibre cotton) and gum arabic
(a naturally grown tree). There are also large plantations with sugarcane,
Some castor o0il seed is grown for export.,

2. Crop areas

~Most of the food crops in the Sudan are rainfed. Irrigated food
crops exist on a smal] scale in the Gezira area where food crops are grown
as part of the crop rotation for cotton, the narrow Nile valley north of
Khartoum, and on some mountain slopes.

| The northern limit of rainfed farming approximacely coincides with

the 350 mm annual rainfall isoline (Figure 2.2). About two-thirds of the
sorghum and about three quarters of the millet in the country are grown in
the Central and Westcentral agroclimatic regions (Table 2.7 and Figure
2.4). Relatively large areas of sorghum and millet are also planted in the
Eastcentral region. &



Table 2.7 Est1mated area (1n hectares) planted to d1fferent agr1-;e S
cultural crops in the agroclimatic reyions of Sudan ' ' i

Agroclimatic . ‘ - o
region Sorghum Millet | Sesame | Groundnut | Wheat | Cassava |
North 46,000 10,000 2,000 2,000 |]10,000 1,000
West Central 900,000 ; 400,000 83,000 | 180,000 } 70,000 1,000 - o
Central 1,080,000 | 525,000 | 300,000 475,000 | 70,000 2,000-~‘:t
East Central 480,000 | 150,000 | 208,000{ 100,000 {50,000 1,000'
Southwest 300,000 40,000 82,000 | 100,000 10,000 | 20,000
Southeast 300,000 | 125,000 | 155,000 93,000 30,000 | 20,000

Sesame is grown mostly in the Central and Eastcentral agroclimatic
regions, although a large area is planted in the Southeast. One-half of the
area planted to groundnuts is in the Central region; the next largest area is
in Westcentral. Wheat is grown mostly in the central belt of the country
(Westcentral, Central and Eastcentral regions), while maize and cassava are
grown mostly in the south where rainfall is more abundant. .

Huge modern cotton plantations exist along the main rivers. The.
largest cotton growing scheme is Gezira, on the western bank of the Blue foe'
from Sennar to Khartoum. b
' 3. Crop calendars

Sowing of most food crops in the central belt of the country (the
westcentra1 Central and Eastcentral agroclimatic regions) begins normally
during the second half of June, after the first rains of the season moisten
the topsoil. The bulk of the sowing is carried out in July (Table 1.4).

As the rainy season in the Southeast region begins earlier, sowing of the .
crops also starts earlier, normally during the second half of May. In the
southwest region, farmers do not plant sorghum and millet until June :
despite the fact that the rainy season begins in April; this avoids har- -
vesting at the peak of the rainy season. -

Ripening of most food crops begins in October ‘and cont1nues 1n :
~ November. Harvesting, however, often is delayed and cont1nues into December.

4. Agricultural practice o

Food crops in the Sudan are grown mostly on smal] hold1ngs. Due
'ma1n]y to the diverse climatic conditions, agricultural practices vary con- e
siderably from one area of the country to another. .Three main types of agr}-u
cultural practices can be determined. ) ' o
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a) In the Nile River valley north of Khartoum, all food crops are
irrigated either by natural flood or by water diverted gravitationally or
pumped from the river., Most of the agricultural land is terraced, - Farmers
usually maintain a simple crop rotation., .‘, J;

b) In the central belt of the country, (the Westcentral, Central and
Eastceritral agroclimatic regions, as well as some adjacent areas from the,ﬂT}
Southwest and Southeast regions) most food crops are rainfed, The few areasl
under irrigation use either the traditional methods of hand-operated lever i
and ox-turned water wheel or modern irrigation for the cotton fields, wheré*?
some food crops are grown as part of the crop rotation. Farmers in the ,:
central belt of the country are settled permanently in villages; a few of -
them, mostly breeders of domestic animals, are nomadic. Farmers grow their
crops close to the villages by using a simple crop rotation of cereal with
non-cereal crops and fallows. The fallow period usually lasts for more than
one year, especially in the drier areas.

c). In the southern areas, most food crops are rainfed. Shifting
cultivation is the prevailing agricultural practice. Farmers slash and burn
the natural vegetation of a lot and grow agricultural crops for 10-15 years
or until yields drop essentially due to exhausted soils. The lot is then
abandoned and a new lot cleared near-by, '

D. POPULATION, ECONOMY AND FOOD SECURITY S

The population of Sudan in 1981 was nearly 19 million (Table 1.2). ‘
Eleven years earlier, in 1970, the population was slightly over 14 million.,
The ahnua] rate of population growth is about 3 percent (as compared with
0.84 percent in the US and 0.58 percent in France). Although this rate is
one of the highest in Africa, the population boom in Sudan has not yet caused
~great concern; the vast land area of the country makes the average population
density in the country look quite reasonable, 7.5 persons per km2, Bearing )
in mind, however, that close to one-half of the territory is desert and
semidesert and another large part of the country is unsuitable for farming
due to swamps, mountains, forests and unproductive clay soils, there is a
real possibility that Sudan will soon begin to feel the population pressure.
The distribution of the population within the country is quite uneven (Figure
2.6). The highest concentration is a]bng the major rivers and around the
Major cities. The Central is the most populated agroclimatic region,

Sudan is one of the few countries in Africa, which, until now at least,
Pproduces more or less enough food to satisfy its domestic needs. In 1981 the



per cap1ta production of basic food crops 1n Sudan was as fo]]ows f cereals -f
'187 'kg; roots & tubers - 16 kg, pu]ses - 4 kg, groundnuts in shell - 42 kg, ‘

and ‘sesame - 11 kg. However w1th 76 percent of the population engaged in
agricu]ture (Table 1.2), exce]lent water resources for irrigation and unused.
land potential, one" wou]d expect ‘the country to be exporting.food (Sudan v p
exports between 100 and 200 thousand tons of_ sorghum annually but 1mportsl ;7f
about 300,000 tons of wheat). This has not yet been achieved; the main . R
reason is that farming of vood crops is still mostly carried out by using "
traditional methods of farming. Modern farming technology (irrigation,. fer-
tilizers, pest and disease control, high yielding varieties) is applied. ”""
mainly for the commercial crops, primarily cotton. The yields from the food*,
crops during the last three years (1979-1981) not only have not 1ncreased 1n]&
.comparison with a decade ago, but are even lower {Table 2.6). Lo
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‘Table 2.1, Mean monthly and annual rainfall Omh)
: Cat selected stations in the Sudan - S

*;BEEIQE- STATION e‘t ELEV;‘ JAN FEB MAR APR MAY

e , (m)
“:North Abu Hamed " 312
SR Atbara - 347
Gebeit . 796 -
Karima 249
Port Sudan -3
Shendi 360"
Tokar 419 0 ¢
Wadi Halfa 183

T
NWWHOO WO

' ‘Westcentral Buram 580
SR El Fasher 733 -
Geneina 805
Kutum 1160
Nyala 674
Radom 490
Zalingei 900

58
29

VOWHOH® ONOHOWHO

lHH§°q¢ochpdpooo

" Central Ed Dueim - 378 .
El Obeid 574 .
En Nahud 865 .7
Kadugli 499
Kologi 560
Kosti 381 .
Renk 380
Sennar 418
Sodiri 540
Wad Medani 408 -

17
14
75
51
19
27
20
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L0000 O000000 CO0COO0O ONOUMOHOO
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REGION

. Eastcentral

“'Southeast

“Southwest

STATION

Er Roseires/Damazine
Gedaref

Kassala

Showak

Singa

Tozi

Aweil

Bor

Kapoeta

Kodok

Kurmuk
Malakal

Melut

Meshra er Req
Nasir

Pibor Post

Juba
Maridi
Nagichot
Raga
Rumbek
Torit
Wau
Yambio
Yei

ELEV
(m)
474
599
500
510
430
445

415
420

670

390
690
387
385
390
400
410

460
750
1900
545
420
625
438
€50
830

Table 2.1. Continued.
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0 0 2 17 42 122 174 181 129 37
C 0 0 6 22 91 170 179 95 27
0 0 0 3 11 28 99 100 52 8
0 0 0 1 13 71 171 181 67 13
0O o 0 2 16 85 147 191 87 22° 0. . -
0 0 1 4 31 100 161 173 112 26
0 0 5 35 103 146 183 215 135 54
-3 6 33 78 120 113 139 128 114 108
6 .16 52 61 85 82 122 117 83 66 24
1) 0 2 16 62 104 154 175 134 57 0,
0 1 9 33 104 152 165 222 150 105 o
0 0 6 24 94 107 15 172 136 76 1
0 o0 2 15 41 88 134 158 104 69 0.
0 0 4 28 76 148 191 186 165 89 0
] 2 9 33 98 108 160 190 124 59 S ey}
8 11 35 67 114 115 163 142 122 89 Y
4 11 42 104 149 119 133 149 108 103 38 11 971
11 24 82 140 174 197 208 200 192 155 50 10 1443
18 31 73 131 148 155 188 211 102 49 28 34 1168
0 2 18 60 132 194 203 281 197 96 3 0 1186
0 3 20 78 125 160 160 178 137 81 14 O 956
9 15 49 97 116 110 188 152 127 107 62 18 1050
1 4 21 71 130 172 190 213 171 131 13 1 1118
6 26 86 153 180 178 173 229 194 174 63 13 1475
9 24 71 148 179 169 175 189 164 170 74 19 -

1A



. REGION

North

Westcentral

Eastcentral

. Southeast

;‘ Squthwest

. Table 2.2,
with rainfall >

" STATION

Abu Hamed
Atbara
Gebeit

Port Sudan
Tokar

El Fasher

Ed Dueim
E1 Obeid
En Nahud
Kadugli
Khartoum
Kosti
Sennar
Wad Medani

Er Roseires/Damazine
Gedaref '
Kassala

Bor

Kurmuk
Malakal
Meshra er Req
Pibor Post

Juba
Rumbek
Wau
Yambio
Yei

ELEV

(m)
312

347
3

: 733 s

378;;i>
5Tk

565
L99
382
381
418
408

L7y
500
20
387
390
k10

460
420

438

650
830

796

599 .

690 - -

Mean monthly and annual nurber of days

1.0 mm at selected stations in the Sudan .
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LTAblé_’2:3. Highest ‘mean and lowest monthly rainfall amounts (mm)
R RN ‘at selected stations in the Sudan ~

STATION JELEV - JAN FEB MAR APR - MAY JUN JUL AUG SEP
e ‘ com)
o ‘ highest -89
Port Sudan mean --’:‘jj ‘3.5
BT lovest -~ 0

8 . 55f"728§&5i1:5 5N
0 6 2.0 1
0 2.0

orm’
o
[
=

highest
mean
lowest

21 23 60 204 273&]163;f
01 4 8 5% 74 21
0 o 0 o o .

'7}f_31 >~=99 155 296 372 164
T4 19750 113 139"
00 0 26 44

B highest
Kosti = mean
SR lowest

38 81 95 229 457 299 249
S 17 42 122 174 181 129

0 330 65 .8 4 0

E;}nggifeslnamazine mean
GO TR lowest
PRI highest
‘En Nahud mean

e lowest

/21047f200~‘3181~203f_ 60 2 -
: T80 0

‘180 387 385i‘221;’f46eff5

highestaff;ng~_ L

mean
lowest -

L ocow .o

79 270 211 370 325 345 245
‘26 94 107 154 172 136 76 .
0 0 31 73 51 15 10

L ‘highest =
SRt ‘ lowest
187 232 347 347 389 297 256

71 130 172 190 213 171 131
-0 73 71 70 83 62 31

highest
mean
lowest

- I
LOwWworoN
et
™
=
o
~J

231 318 244 297 286 260 211 111 - 62 1366
104 149 119 133 149 108 103. 38 11 971 -
24 38 27 20 30 21 6 0 0 654

N highest .. -
. *Juba mean
B lowest -

w e
.
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REGION

North

fwestcentral

‘Central

FEaéteentral

*Southeast

;Southwest

STATION

Y ‘ Juba
< Wau'

Table 2, 4

s

ELEV.

R (m)
Abu Hamed 312 -
Atbara 347
Dongola 226
Gebe it 796
Kar ima 249
Port Sudan 3
Shendi - 360
Tokar - 19
Wadi Halfa 183
El Fasher 733
Geneina 805
Zalingei 900
Ed Dueim 378
El Obeid 574
En Nahud 565
Khartoum 382
Kosti 381
Wad Medani - 408
Er Roseires/Damazine» 474 -
Kassala Lo o500
Tozi 445

- ‘Malakal 387 °

- Mean monthly and annual air: temperature ( C)

-at selected stations in the Sudan
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‘Table 2.5. Mean monthly and annual relative humidity (percent) and
mean daily sunshine hours at selected stations in the Sudan

ELEV
(m)

JAN FEB MAR APR MAY

 REGION . STATION JUN JUL AUG SEP OCT NOV. DEC 'ANNUAL

—!'l"'ingétcent ral

o ';(.‘_;é;itral

;5Ea§t¢entral
o Sdui:heast

: Southwest k

Morth .

Westcentral

Central

Eastcentral.

Southeast

. Southwest

Abu Hamed
At bara
Karima

Port Sudan

Wadi Halfa

El Fasher
Geneina

El Obeid
En Nahud
Khartoum
Kosti
Wad Medani

Kassala
Malakal

Juba

’wadi Halfa N
“El Fa sher
-Elﬁobeid‘h

Malakal

Juba_' :

312
347

249 -

3

183
733 .
805 -

574

565

382

381
408

500
387

460
438

500

32
37

28
.75,
- 37

33
c21

317
36

31

24
29 -
.23
32.

46

29 2626

24

18
17
74
27
' 16 B

20

relative humidity

17
18
14
70

22

21
19

22

25
19
22
16

18
19
16
65

18

28
29

15
19

15+
54 -
i 18

49
.46 63
29 5

41

62 -



;T;blé,2.6. Harvested area,'yieid and production of selected crops in the Sudan

L Harvested area Yield Production -
. Crops (in 1,000 hectares) (in kg/hectare) (in 1,000 metric tons)
1969-7111979 T1980 [1681 |1969-71[1979 [1980 [1981 |1969-71]1979 [1980 [1981
Cereals, total 2,740 14,629 |4,60514,666) 773|688 637 758| 2,119 |3,187)2,933(3,538
Sorghum 1,828 |3,02513,000(3,106|  834| 796| 733| 01| 1,525 |2.408|2.200]|2. 800
Millet 750 11,29311,3001,250| 566 425 346 400] 424 | 550 4s0l 300
Wheat 118 [ 247 240] 240 1,136| 718] 9631 750] 134 | 177] 231! 180
Maize 394 60| 61} 65| 750 7s0| 738] 769| 31| 45| 45| “so
Rice 4 41 41 5| 1,113) 1,750| 1,750| 1,696 5 1 7] s
Roots & tubers,total 82| 920 87| 88| 3,669| 3,326| 3,457] 3,489) 302 | 306| 302] 306
Cassava S| 39| 50| 45| 45| 3,402| 2,541) 2,689] 2,687 133 | 127] 122| 129
Potatoes e 1 1) 1] 1) 17,446(19,231}19,23119,231] 25 | 25| 25| 25
Sweet potatces 1 2] 2| 2| 26,496(24,118|24,706|24.000| 21 | 41| 42| 48
Pulses, total 63| 7 75| 76| 1,173 1,158) 1,115| 1,009| 74| s3] 83 83
Groundnuts in shell | ‘490 | '980| 960| 9s50| 756| 98| sa4| ss2| 370 '880{ 810| 800
Sesame | 720 | 830| 830| 830 355|247  241| 2u1l| 256 .205| 200{ 200

ot
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Chapter III
ETHIOPIA

A, PHYSICAL ENVIRONMENT ;

Ethiopia'is a large éouhfry.; It covéré'approximatély l.2fﬁi]]ibn7km2,
stretching about 1,500 km from north to sou™h and east to west. A wide
variety of topographical features and great terrain diversity make deter-,
mination of large homogenéous geographical areas difficult, For convenience
the country can be divided into two major topographical areas: 1lgwlands and’
highlands.

1. Lowlands '

Scientists have not agreed upon a common altitude ]evel to divide ,
lowlands from highlands; threshold values vary from 700-800 to 1,500 meters.
One reason for this is that, depending on the landscape, different thresholds
should be used for different areas of a country,

The topography map on Figure i.2 uses 500 .to 1,500 m altitude isoli-
nes. They indicate that the lowlands of Ethiopia are located mostly in the
eastern parts of the country and in a narrow strip along the western border
with Sudan., The lowlands consist mostly of plains and gentle hills inter-
sected by river valleys, many of which dry up during the dry season. The
major difference between the eastern and the western lowlands is their cli-
mate. The eastern lowlands are far more arid and warmer, with very little
agricultural activity; some are even deserts or semideserts. In this area isf
the Danakil depression (close to the Red Sea coast), which drops to 116 m
below sea level and is one of the hottest places on earth with an absolute
maximum temperature of nearly 600C.

2. Highlands

The highlands of Ethiopia are located in the central part of the
country, divided into two parts by the deep Great Rift Valley (Figure 1.2).

The northern highlands are larger in size and reach higher altitudes.
~There is a large rugged and mountainous high plateau at 2,000 to 3,000 m,
with ten mountain peaks surpassing 4,000 m. This area gives birth to many
rivers, one the Bluz Nile. Prevailing soil types are: a) Red loams, found
mostly in the southwest areas, with good drainage, water holding capacity and
fertility, b) Black soils (actually rather dark brown to gray), found mostly
in the northwest and southeast as pasturé areas with high clay content and
poor drainage.
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, The Great Rift Valley has an . altitude of about 1,500 m and contains
numerous lakes, some of which are quite large. Southeast of the R1ft Valley the
highlands are smaller in size and lower 1n alt1tude. They are also much dr1er 27
than the northern highlands. j

A very good description of the phys1cal environment in Eth1op1a can
be found in Table 3.1 (from the FAO World Atlas of Agriculture, 1976) o

TABLE 3.1 DISTRIBUTION OF AREA BY ALTITUDE RANGES
Altitude (m) Area Percent of | ERATCR Y
(1,000 km2) | Total Area Type of Landscaoehflrnffﬁ.
Below 500 150 12 Plains -
500-1,000 - 280 23 Plains and hills
1,000-2,000 467 38 Two-thirds plains, one-th1rd v
" ‘ ‘ hills, with few isolated
S mountains and deep valleys
2,000-3,000 | 280 ‘| 23 Plains, hills and mountains
Over 3,Q60t;;5 R (| s Mountains -
B. CLIMATE'

“There are only a few countries in the world with climate as diverse as
that in Ethiopia. Altitude and geographical location are the main factors
influencing the climatic features of the different areas in the country.

1. Rainfall

The deserts and semideserts of eastern Ethiopia receive less than
100 mm of annual rainfall (Figure 3.2 and Table 3.2). Rainfall generally
increases with altitude; some locations in the central highlands receive over
2,000 mm annually. Among the stations for which historical meteorological
data are available, Mitsiwa is driest with an average annual rainfall of
184 mm and Gore is wettest with 2,232 mm.

The country has been divided into four agroclimatic regions: North,
West, Centra)] and East (Figure 3.1). Only the first three regions are agri-
culturally important, The rainfall regimes within their boyndaries are not
very homogeneous. For example, the northern areas of the North region
receive only about 200 mm annually while the southern areas of the same
region receive over 1,000 mm. The averaye amount for the whole region is
561 mm. '

The North and West regions have only one pronounced ra1ny season. per-ﬁ\
year, peaking in July and August. The duration of the rainy season 1s only
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abdut’zfmohthé in the Nbftﬁ} gradually increasing to about 8 months
‘(March-October) in some areas of the West region (Figure 3.3). )

| The Central region has two pronounced rainy seasons per year. >Thé{,f
first is shorter and peaks in April; the second lasts longer and “peaks 1n ,
July. Altitude seems to be the main factor determining the durat1on of the Q
rainy season. The longest occurs in the central mountainous areas and jt
decreases towards the region's boundaries, ' .

’ Tempora] variations of rainfall in Ethiopia are quite larye

(Table 3.3). In individual ..onths during the rainy season rainfall might :
vary as much as from O to 303 mm, as in Dese in June. Annual amounts a]so'
vary considerably from year to year, especially in areas with marginal rain-
fall where small deviations below the normal amounts lead to a sharp reduc-
tion in crop yields. Thus, Asmera and Dire Dawa receive an average of 551
and 522 mm respectively, which is sufficient for growing many agricultural
crops. In some years, however, the annual rainfall can drop to close to
200 mm causing complete crop failure,

The mean number of days with rainfall > 1,0 mm in Ethiopia is quite
high, indicating that under normal conditions it rains often but with small
amounts (Table 3.2). In the North region the number of rainy days is mostly
between 30 and 60 per year, while in the West it rains about 100-180 days a
year. The highest number of rainy days is in July and August, when rain,
occurs at some stations nearly every day (26 rainy days in Addis Ababa).

2. Air Temperature
~ Despite the fact that Ethiopia 1ies in the northern hemisphere, most
of the country has a temperature regime close to that of the southern
hemisphere, with the coolest weather in July-August (Table 3.4). Only some
northern areas of the country have a temperature pattern typical for the
northern hemisphere, with the coolest weather around January and the warmest
around July.

In the agricultural areas of Ethiopia, altitude is the main factor
determining temperature values. On an averaye the mean daily air temperature
decreases by about 0,6-0,70C with every 100 m increase in altitude. During
the crop growing season in the highlands, air temperatures are quite
moderate, even cool, ranging mostly between 15 and 25°C. At some high alti-
‘tude locations cool weather (minimum temperatures sometimes drop below
freezing) often is unfavorable for the normal growth and development of the
agricultural crops. ’
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3 A1r Humidity o :

Re]ative humidity in the agricu]tura] areas of Eth1op1a is qu1te
moderate at the beginning of the crop growing season (Table 3.5). Later, ?"
with higher rainfall and cooler weather, it 1ncreases, reach1ng the h1ghest
va]ues at the peak of the rainy season in August. o

4. Sunshine . S

Most agricultural areas of Ethiopia have about 6 to 8VSUhshihe hours
per day at the beginning of the crop growing season in April and May. Later,
frequent rainfall with overcast skies decreases the number of sunshine hours
to about 3-4 in July and August, below the optimal sunshine requirements of
most agricultural crops.

C. AGRICULTURE
- 1. Crops . ,

The mostswidespread food crop in Ethiopia is teff, grown on about 1.5
million hectares or about one third of the area planted to foodgrains
(Table 3.6). Teff is a cereal plant, reaching about 70-80 cm in height and
having small seeds. They are stone-ground into flour and used for making a
flat unleavened bread called "injera." It is the staple food for people
Tiving in the highlands and in major urban centers. Average crop yields for
the country are normally about 700-800 kg/hz, which leads to an annual pro-
duction of about 1.1-1.2 million metric tens, Teff is indigenous to
Ethiopia; the crop is not grown anywhers else in the world.

Other important foodgrains are maize, barley and sorghum, each grown
on about 7-800,000 hectares, followed by wheat (about 500,000 ha) and m111et‘ 
(about. 200,000 ha). Besides for food, barley is used for making of . "te]la,".é
a local beer. Country yields from wheat and barley fluctuate mostly. between,r
900 and 1,200 kg/ha, sorghum and millet between 900 and 1,100 kg/ha and
maize between 600 and 1,000 kg/ha.

Pulses are another important part of the national diet. Most
widespread are horsebeans, grown on about 270,000 hectares, followed by chick
peas (160-200,000 ha), field peas (about 130,000 ha), lentils (about 60,000
ha), haricot beans, and others. Besides for local consumption, pulses are
also grown commercially for export (around 100,000 tons annually in the mid
70's). The average yield of all pulses fluctuates main1y between 1,100 and
1,300 kg/ha.
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, 0i1seeds are}anOther group of food crops. Most important among them
is the 1nd1genous neug, fol]owed by sesame (grown also for export), 11nseed

castor beans, rapeseed, groundnuts, safflower and sunflower.
Also grown are bananas, ensete (resembling bananas, but grown for~tne
roots containing large amounts of starch), sweet potatoes, yams, vegetab]es
and fruits. "_ 
Among commercial crops the most important is coffee, which providés 5f
about 60-65 percent of all export earnings of Ethiopia. Other commercial
;crops are cotton and sugarcane.

2. Crop Areas _

Unlike many African countries where crop distribution depends
entirely on rainfall, the distribution of crops-in Ethiopia is influenced by
both rainfall and temperature. In general, rainfa11 is the determinant fac-
tor for growing crops in the drier lowlands of the country Lhi]e temperature f
becomes more important in the highlands. ’

About one half of all cereals, pulses and root and tuber crops are
grown in the West agroclimatic region (Table 3.7 and Figure 3.4). About ”‘
one quarter of these crops are grown in the Central region and about 20 per-
cent in the North. Few crops are grown in the arid and hot East region -
most crop growing areas here are’located close to the adjacent highlands.
Among the administrative provinces, the largest producer of food crops is
Shewa, tollowed by Harerge and Arsi.

TABLE 3.7. ESTIMATED AREA (IN HECTARES) PLANTED TO DIFFERENT

AGRICULTURAL CROPS IN THE AGROCLIMATIC REGIONS OF ETHIOPIA
Agroclimatic
Region Cereals Pulses Roots & Tubers
North 954,000 160,000 100,000
West 2,750,000 450,000 220,000
Central 1,330,000 230,000 100,000
East 60,000 21,000 13,000

Depending on the agroclimatic requirements of the crops and on the
existing agroclimatic conditions in Ethiopia, crops are grown mostly in the
following altitude zones: barley - 2,000kto 3,000 m, teff and wheat - 1,500
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to 2,500 m., maize - 1,500 to 2,200 m, sorghum and millet. - 1 000 to 2,000 m,
pulses - from sea level to 3,000 m, sesame - from seay]eve] to 1 500 m, neug
- 1 800 to 2,500 m, ensete - 1,000 to 2,000 m._H» e L ‘
3. Crop Calendars ’ rvti . i
| The existence of quite d1fferent altitude'zones and two'ra1ny seasons
in the highlandc are the major reasons for the very divers1f1ed crop calen-
dars in Ethiopia. Thus, the grow1ng season of a crop yrown at 1,000 m alti-
tude could be 2-2.5 times shorter than the growing season of the same crop

grown at higher altitudes. It is, therefore, inappropriate to present croo
calendars for each agroclimatic region of the country - the differences
within a region are much larger than the differences between the regions.

The periods when most of the sowing and harvesting of the major crops
in Ethiopia take place are presented in Table 1.4. The period from June to
September is considered as the main growing season for teff, wheat and
barley. It is called the "meher" crop season and coincides with the peak of
the rainy season. The period from April to September is considered as the ;3i
main growing season for maize, sorghum and millet. Few crops - mostly "‘ :
pulses or about 5 percent of the crop production - are grown dur1ng the shortﬁ'
rainy season between March and May; it is called the "belg" crop season;‘ gt

4. Agricultural Practice TR .
Most food crops in Ethiopia are rainfed. Irr1gation 1s pract1ced
mainly along the major river basins and is used mostly for commerc1a1 crops._
The area under 1r|1gat1on is only about 60,000 hectares (Tab]e 1. 1). '
Ethiopian agriculture, production of food crops in particular, is
underdeveloped and quite primitive. The traditional farming practice pre-
vails. Its main features are: small scale, labor intensive, low level of
technology, little or no specialization, little or no marketing and low
yields. Very few or no fertilizers are applied, little or no pest and
disease control is carried out, few or no high yielding varieties are intro-
duced, 1ittle or no soil conservation is done (Ethiopia has one of the worst
soil erosion problems in the world). The area under irrigation is very
small; the 60,000 hectares of irrigated land in the country is used most]y
for commercial crops (Table 1.1). ' v :
The main reason for the unsat1sfactory state of the subs1stence agr1-
culture is the ignorance of the authorities prior te about ten years ago.
The 1and tenure and tenancy structure in Ethiop1a was such that most of the



rura] populat_on worked who]]y or part1a11y ]eased land be]ong1ng to absentee
1andowners the government or the church Farmers Were- either not 1nterested
in or unab]e to 1mp1ement any 1mprovements on the ]and The 1and reforms
that followed the: change of government in the country abo11shed tenancy and
1and1ord1sm. Essential improvements in the’ state of agr1cu1ture, however,

. are not expected in the near future. ‘The exper1ence of other countries w1th{?
a similar social structure indicates, that. 1t takes cons1derable time before 1

significant pos1t1ve results appear. ": ;f'vf"‘

D. POPULATION ECONOMY AND FOQD SECURITY L O Tt
~ The popu]ation of Eth1op1a 1n 1981 was about 32 mi]l1on (Table 1 2)

Eleven years earlier, in 1970, 1t was about 25 million. Thus, the annua’
rate of population growth is 4, 1 percent, one of the highest in the world
(nearly all developed countries have population growth of less than 1.0
percent). ’ The‘popu]atjon density of 26.3 persons/l km2 is several times
higher than that of Sudan-and Somalia. The distribution of the population
within the country is quite uneven (Figure 3.6). Few people live in areas
with mean annual rainfall below 400 mm; most 1ive in the temperate highland
areas. The West is the most populated agroclimatic region, the East is least
inhabited. Among the administrative provinces the most populated is Shewa
with about 7 million people (the capital Addis Ababa is located here). Least
populated are Ilubabor, Gamo Gofa and Bale provinces. f

The economy of the country is agriculturally oriented. ‘About'three quar-
ters of the national income and about 95 percent of the export earnings come
from the agricultural sector. Largest export earner is coffee, but some
pu]ses, oilseeds, cotton, domestic animals, spices and others are also
'exported

- The data on food crops. (Table 3.6) and on the per capita production
(Table 1.3) do not reveal how vulnerable the country is to food shortages
leading. to starVation, The production during 1979, 1980 and 1981 is more or
‘less the same as that a decade earlier (1969, 1970, and 1971). In between,
hoWever, severe droughts have plagued the country. The 1973 drought left
-over 100,000 persons dead of starvation - mostly in Welo province. In 1978
the three northeastern,provinces of Welo, Tigray and Eritrea suffered from
,renewed drought Another drought affected the country in 1982,

" Before and soon after the second world war, Ethiopia exported some
cereals and other food crops. Later the exports ceased and the country bégan}



t@.{ﬁﬁbff-. In the early 60 s the 1mports were small - only 1 to 5, 000 tons.
of WheEt pa ar year., Twenty years later, in the late 70's and early 80 s, ,
wheat 1mports Jumped to 200-300,000 tons per year. Large amounts of food are;
also supp]ied by donor countries and international agencies. a

- The main reascn for the dangerously low food security in Ethiopia 1s'
the primitive agriculture. Secondary reasons are rapid population growth,
civil disorders in some areas and during some years, and marginal agroclima-
tic conditions in some areas. The agricultural potential of the country,
however, is very large: it receives adequate rainfall over many areas, it
has vast water resources for irrigation, the diversity of agroclimatic con-
ditions allows growing of various agricultural crops - both subsistence and
commercial, the soils in many areas have high fertility. etc.
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‘Table 3.2. Mean monthly and annual rainfall (mm) and number of days
- .with rainfall > 1.0 mm at selected stations in Ethiopia

'REGION  STATION ~  ELEV JAN FEB MAR APR MAY JOUN JUL  AUG SEP OCT NOV DEC - ANNUAL
‘ :  (m) T T
' Rainfall AR

1 11 31 48 61 202 136 61
0 0 2 9 18 74 8 29
3100 35 39 42 183 175 27 1

~ Morth  Adi Ugri - 2021
Akordat © 626
Asmera 2325

2 0 21
B TR

Hoo

 West Addis Ababa 2324 19 33 69 90 83 120 264 269 182 .31 .11 9 1180
Bahar Dar 1805 7 1 9 20 114 261 500 488 209 101 - 30 © 2 . 1742
Debre Marcos 2440 10 16 34 58 96 155 287 296 208 .67 . 6 15 1248
Dese 1916 39 37 73 84 52 45 281 261 127 31° 18 15 1063
Gambela 449 7 11 31 73 163 161 239 265 173 111 50 13 1297
Gonder 1966 4 10 22 57 82 166 343 313 124 . 48. 29 16 = 1214
Gore 1974 37 - 57. 101 128 239 329 335 329 342 174 108 - 52 2232
Jima 1577 26 61 84 115 166 207 206 203 169 94 61 28 1420

‘Central Awash 1052 29 39 39 36 28 31 123 157 . 55 . 16 49 11 573

Dire Dawa 1146 20 37. 39 .53 . 45 25 80 116 .53 26 . 16 - 12 ' 522
Goba 2742 11 4 S:143. . 9% 597 81 112 129 - 122 - 41 2507867
Neghel1li 1455 14 50 218 10 10 6 62 208 . 65 2 71028-

“East Mitsiva 10 33 260 11 7

‘North  Akordat 626
o Asmera ' *2325

oo

West  Addis Ababa 2324

S Bahar Dar 1805
Dese 1916
Gambela 449
Gore 1974

W N
NNOVWY

E

- ;1'  .'L
w
—

‘East . Mitsiwa 10

Ly
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" Table 3.3.
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"i‘_able 3;4 Mean monthly and znnual air temperature ( C)
o ' at selected stations in Ethiopia e

REGION  STATION ELEV JAN FEB MAR APR  MAY
REGION STATION - L
_ North Akordat 626 25 26 28 30 32
e Mit siva 19 26 25 27 28 31
Mekele 2060 17 18 19 21 20 -

‘West Bahar Dar 1805 18 18 220 21 . 20 - 20
. Debre Marcos 2440 17 18- 19 19 18
Dese 1916 18 18. 20 21 22 .
Gambela 449 28 29 30 30 28 -
Gonder 1966 21 22 . 23 23 22
Gore 1974 19 20 20 20 18 ¢
Jima 1577 19 20 21 21 20

Central Dire Dawa 146 22 23 26 ° 27 28 %
S Neghelli 1455 21 21 . 21° 20 19

_ East Aseb 6 26 260028 29 32 -

6%
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Table 3 5 . l‘iaan monthly and annual relative humidity (percent) and
RRRRe mean daily Sunshine hours at’ selected stations in Ethiopia L

. 'REGION  STATION : ELEV ©aaN FEB MAR APR MAY JUN JUL ‘
ST o 3;'(m) [ ; i T
| o _ B Relative humidity = "~
North  Akordat 626 '551,;_4,49 43 31 23 28 48 61 48 26
Asmera . . 2325 5554 . 54 .58 55 5 78 80 65 62
West Addis Ababa © 2324 47 52 47 -S4 53 67 79 79 70 48
Jima o177 34 41 46 51 .63 69 72 72 67 - 58

. Central Dire Dawa - .1146'-" v .
e Neghelli ‘~‘1455," 4

 West Gonder 1974

~ Combolcha 1902
Addis Ababa 2324
Jima 1577

Harer “ S 187’6,“":‘

0s



“Table 3.6. Harvested area; §ié1d7and production of seleéted:érops in Ethiopia

Harvested area Yield Production
(in 1,000 hectares) (in kg/hectare) (in 1,000 metric tons)
1969-71]1979 1980 |1981 [1969-71]1979 [1980 J1981 19697111979 |1980 |198i

cafeals;fcocal.< 5,217 |4,750|5,073}5,094 835! 880! 868; 860 4,355 |4,214(4,404]4,379
Maize 849 [1,001|1,106/1,000| 1,071 1,066| 1,034] 1,000 909 {1.067]|1.144|1.1c0
Wheat 782 | s11| s516] 523 823| 878| 908 938] 643 | 44o| ze9| ‘491
Millet - = 197 | 249] 267| 260 5971 767 724| 731] 117 | 191} 193] 190
Roots & tubers,total 289 | 411| 422 433 3,008| 3,307( 3,351) 3,300 894 |1,359(1,414]1,468
~ Potatoes - 30 38| 39| 39] 5,303 6,184 6,182] 6,154] 161 | 235| 238| 240
Pulses, total . | 889 | 830| 855 861 7761 737|732 735 688 | 12| 626] 632
Growndnuts in shell |- 41| 38| 38| 38| 92| s26] 526 s26] 24| 20| 20/ 20
Sesame 153 e7] e3] e s33|  ser sti| s74| 81| 38| 36l 35

1S
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Chapter Iv
“SOMALIA"

A. PHYSiCAL ENVIRONMENT

ca.’ The‘area is 637,660 km2,’
with a long coastline stretching about 3 000 km‘a]ong the Indian Ocean and
the Gulf of Aden. Most of the southern two-th1rds of the country
(paralleling the Indian Ocean coast) is a flat to lightly undulated ]owland :
with altitudes of about 400-500 m along the Ethiopian border gradually
decreasing to sea level at the ocean (Figure 1.2). The northern part ofrthef
country consists of plains, plateaus and mountains. The plains are narrow

(20 to 100 km), located primarily along the coast. The plateaus rise mostly,
from 500 to 1200-1300 m altitude. The mountain range, intersected by sha]low
valleys, runs in a West-East direction from the Ethiopian border to the t1p1”'
of the horn. Its highest peak reaches 2,408 m. '

Somal1a has only two rivers wits water flow throughout the ent1re “
year-the Shabelle and the Giuba; both descend froim the Ethiopian h1gh]ands.
A11 other rivers and creeks disappear during the dry season.

Soils are mostly sandy, well drained and of poor to medium fertility.
More fertile aluvium soils exist along the Shabelle and Giuba river basins.

B. CLIMATE

1. Rainfall ,

| Somalia 1s known as a very. arid country. The mean. annual amount of :
rainfall in the northern one. th1rd of ‘the. country 1s below 200 mm with. some’’
locations, i.e., Bosasv, receiving only 13- mm per year (Figure 4.2 and
Table 4.1). Rainfall amounts over 400 mm occur only in some mountainous
areas in the north and over a relatively large area in the lowlands in the
south, The country has been divided into two agroclimatic regions, w1th mean.
annual amounts of 209 mm for the North and 445 mm for the South.

' Most of the country has two pronounced rainy seasons. The f1rst;
peaking between April and June, lasts longer and is the main crop growing
season., The second rainy season is shorter with smaller rainfall amounts
peaking in Octcber or November. Among the network of rainfall stations in
Somalia, only three have two consecutive months w1th ra1nfal] over 100 mm per
month. Seven stations have one month with such ra1nfa]l thevremaining 23
stat1ons ‘do not have months with mean rainfall over 100 mm.
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Monthly, seasonai and annuai amounts of ra1nfail vary considerab]y from‘
'_year to year (Table 4.2,). In this area where the mean rainfail is barely "
sufficient to secure a satisfactory crop har est beiow averag)"amounts 1eadﬂ
to sharp reductions in yieid or even “compl te crop failur"
2. Air Temperature i Ak “ -
Most of the North region has its'iowest temperatures in Dec -
January, with the summer months being the warmest (Tab]e 4 1) E The annua]%'?
temperature range here is reiative]y 1arge. ‘In the South region Juiy and
August are coidest the annua] temperature range is oniy a few degrees. i
Air temperatures during the crop growing season (April-dune) are very
high and unfavorable for the crops. Mean daily temperatures are around 300C‘

with maximum temperatures in the inland stations very often exceeding
41-420C,
3. Air Humidity :
Despite the arid climate, air humidity in Somalia is quite high., Mean
monthly relative humidity varies mostly between 50 and 70 percent in the
southern two-thirds of the country and about 40-60 percent in the northern
areas. Naturally, coastal areas have slightly higher air humidity than
inland areas.
4. Sunshine v
Unlike Sudan and EthiOpia,'the sunshine regime in. Soma]ia is little o
influenced by the rainfall pattern. The smallest number of sunshine hours: 1s7
not during the peak of ‘the rainy season ‘in April and May, but in July '
(Table 4.1). The largest number of sunshine hours occur during the first 'n5ﬁ
three months of the year., ‘ ' o

C. AGRICULTURE v .
Rainfed crops are grown mostiy in areas with mean annual rainfall above'*
350 mm. Such amounts are received in the southwest of the country and‘in;¢~
isolated high altitude areas in the north (Figures 4.2 and 4.,3). Farmersf o
grow millet, sorghum, maize, beans, groundnuts, sesame, bananas and others
(Table 4.3; sorghum and millet are reported together as sorghum). The lack
of modern farming technology and the inadequate rainfall are the main reasons
for the_low,yields. Cereal yieids of about 600 ky/ha are one of the lowest
in Africa,and in the world. As mentioned earlier, the first rainy season
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1asts longer and receives greater rainfall therefore it is the main crop-
grow1ng season. Sowing normally 1s carried out 1n Apri]i‘while harvest1ng
takes place in- Ju]y -and August (Table 1 4) ,.f '(., S t ,
~ Some of the food crops and most of the commerc1al crops (sugar cane, .

cotton, tobacco, c1truses) are 1rrigated The exact area for each crop is .
not only not known but it changes’ cons1derab]y from year to year. The tota]
area under irrigation 1s_about 165,000 ha; the total area that is suitable
for irrigation is about 200-300,000 ha. Irrigation is carried out two ways '
controlled and uncontrolled. The latter consists of free flooding of the
agricultural fields during the peak of the water flow 1n the r1vers.

. D. POPULATION, ECONOMY AND FOOD SECURITY. e :

The popu]ation of Somalia in 1981 was nearly a, 9 m1]l1on (Table 1 2)
E]even years earlier, in 1970, it was about 2.8 million. Thus the annual
rate of population growth is 6.9 percent, one of the highest (if not the
highest) in the world. Most developed countries have population growth of
less than 1.0 percent, most other African countries less than 3.0 percent.

It should be mentioned however, that the unsual population growth in Somalia
is due ma1nly to the large influx of refugees from neighboring Ethiopia.

Desp1te the high rate of population growth, the population density is
relat1vely low, ~averaging 7.7 persons per square kilometer. The highest con-
centrations of people are is in the agriculturally important basins of the
Shabe]le and Giuba rivers and the major cities (F1gure 4.4). About one half
of the population of Somalia are nomads and another 20 percent are semi-
nomads. They 1ive mostly in the drier northern half of the country and move
from one place to another depending on the arrival and the end of the rainy
_season. Buring the dry season they live in the high country in villages

‘with permanent sources of water, mostly wells. Soon after the beginning of
7 the rainy season they scatter with their sheep, goats, camels and cattle into
the adjacent lowlands to make use of the emerging forage vegetation. ,
Somalia is a poor country - one of the poorest in the world. The eco-
nomy is agriculturally oriented, Its principal wealth, however, is not in
~crop farming but in livestock which provides over 60 percent of all export
earnings. Due mainly to the unfavorable agroclimatic conditions, production
~of food crops has never been sufficient to satisfy the needs, The country as
a who]e ~especially the northern half, has always depended on grain imports,
In the early s1xt1es the 1mports were about 18-20,000 tons of rice and about


http:Table,1.14
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3- 4-000 tons of wheat. Later, due.to the large increase in population and
the disastrous droughts that p]agued the country in the 70 s, gra1n imports.
1ncreased sharp]y. In the early 80's, Somalia imported about 90, 000 tons off
wheat, 50-70,000 tons of rice and about 60,000 tons of coarse grains. »It.. :
should be emphasized that unlike Sudan and Ethiopia where natural resources j
permit much higher than the current food productlon Somal1a produces'“]psexg
to its natural limits. o S LT




56

ERELT

43
: SOMALIA
. AGROCLIMATIC REGIONS

CEAS Agroclimatic Reglon Boundary ol-;.',
Mateorological stations with meun data only
VMeteorological stations with historical data ) N
Histograme of the mean monthly regional ulMpll.‘mﬁ\
Mean anncal regional rainfall, mm c

A

Figure 4.1



57

| SOMALIA
' MEAN ANNUAL RAINFALL (mm)




0

58

“somaLa |

. Types of farming |

/ =
y o o =T
L = —
VAR —
yd — —
[ —. —

'

Irrigated lsnd: rice,maize,
bsnanas, sugar canecotton,
citrus fruite, oteo.

Non=-intensive fariing: millet, .
sorghum, sesame, beans, | <
groundnuts, ete.

Nun-egricultural lend - .- ,
{desert snd sami=desert)

S Figure 4.3




59

SOMALIA and DJIBOUTI
Population Density

DJIBOUT)

ey
iy -

Persons per square mile
0 5 25 125 :

0 2 10 48 |
~ Persons per square kllomp’;b’i




60

SOMALIA
ADMINISTRATIVE REGIONS

R
. A l/
Yo~ DNNAAE BAR!
WAQOOYI 7 -~ - \
GALBEED ,-~ / \
.~' TOGDHEER .
s I N
I NUGAAL . .
/ SRR
..... =
MubUQG
\
\'
| \
- \ \
N | .
\ GALGDUUD,
BAKOOL - \
~ Y -
=7 ><nnraan]
k4 i .
QEpo / " B A
/'aAvonAaA!1@~./
. . Ko
) ol o
- \\\ ,-/vb - SHABELLE DHEXE -
-~ & | T
T/ Y P Moaapisshu
(.
'S
JABADA

' HOOSE

“Figire 4.5



61

SOMALIA
STATIONS USED FOR AGROCLIMATIC INDICES

oDJIBOUT!

/. ocacan - /-

~ /[ ©LUGH GANANE

. OBARDERA  wuonisHo o

| CHISIMAIG o

 Figurei4.6 |



‘Table 4.1.

iJNnrth

 South

'NOrth

“South

South

“ REGION. /STATION -~

Galcaio

Bardera
Belet Uen
Chisimaio

Lugh Ganane’

Muqdisho

Berbera
Bosaso
Burao
Erigavo
Galcaio
Hargeisa
Las Anod
Obbia

Bardera
Belet Uen
Chisimadio
Muqdisho

Genale
Muqdisho -
Baidoa
Bulo Burti-

69

408
e

Dhan monthly and annual rainfall (mm), air temperature L C) and
sunshine hours at selected stations in Somalia .

ELEV JAN FEB ;MAR,,APRV~ MAY .nm JUL

(m) _
B Rainfall:
1 0. .0 o

2 2 55 - 3

= -

‘53 13;. .
88" 91 52

:’1742 Lo e

53 s

116
173 -
10
193

RN oo
O R M.

: N - Alr temperature;ﬁ
70 24 25 26 - 29 32 36 -
2 25 25 .26 . 29 31 35 350
1051 20 21 23 24 25 25 .24 25
1737 15 16 17 18 19 19 20 -~
302 25 26 28 29 29 28 .
1334 18 20 22 23 24 24 23
705 20 23 .23 25 26 25
15 26 27 . 28 - 30 28 27.

116 30 31 32 31 30 29 -
173 29 29 31 31 29 28
10 27 27 28729 27 26
9 27 27 28 29 28 27
f?Sunshine hours. .

7.7 6.6 6.
7.-8.8 7.3 7.3%
- 7.7 6.9 5.
9.2 8.7

wOVwY
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;gfable,4.3. ‘Harvested area, yleld and production of selected crops in Somalia

Harvested area

Yield

Production

_ Crops (in 1,000 hectares) (in kg/hectare) (in 1,000 metric tons)
St 1969-711979 [1980 J1981 [1969-71]1979 1980 Ji981 {1969-71[1979 |1980 |1981
Cereals, total 403 [ 4111 392) 4550 03| 631 645 606| 243| 259 253) 276
Sorghum 263 | 300 273| 300f 501 so0o] soof soo|l 132] 150| 136 150
Maize 139 [ 106| 114 150 793 984} 974| 8o0o| 110| 104| 111| 120
Wheat 1 4 4l 4} e6o| 343 343] 286 -l 1 1 1
Rice - 1 2f - 2| 2,827} 2,917| 2,867| 2,970 1l 4] 4 s
[Roots & tubers cocaip 3| 31 3 3]10,508{10,958|10,926|10,896 28 34| 35| 37
Cassava - 2 31 3] 3]10,57311,071|11,034 11,000 25| 31 32| 33
Pulses, total 18 | 28] 14| 31| a2s| 330 3m| 330 6] 9| 5| 10
hcroundnucs in shell“ SRR CJN BSOS BN R B1 N £ 933| 900 900| 893 9| 10| 10| 10
|sesame 56| oosaloa2l - 36| 304| 300{ 300| 300 17| 16) 13 1

%9
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Chapter V
DJIBOUTI

Djibouti is one of the smallest countries in Africa and in the world,
with an area of 22,000 km2, It has a narrow coastal plain, several plateaus,
several mountains, some small inland plains and two depressions below sea
level (Figure 5.1). There are no rivers, only small creeks in the mountains
flowing with runoff water occasionally during the rainy season. Most human
settlements in Southern Djibouti were established around cases.

The climate is hot and dry. In the capital city of Djibouti the mean
annual air temperature is 30°C, ranging from around 26° in NDecember and
January to 35° in July and August (Table 5. 1).. The mean annual rainfall in
the country varies mostly between 100 and 200 mm. Some mountain areas .
however (Randa, for example) receive around 300 mm annually. It rains mdstTy
during July, August and September, with mean rainfall for the entire country
between 20 and 30 mm per month (Figure 5.2). Driest are May, June and _
October. The rainfall regime in the city of Djibouti is somewhat different
from the rest of the country; wettest month here is November (Table 5.1),

Until recently, the only agricultural activity in the unfavorable )
agroclimatic conditions of Djibouti was the nomadic herding of goats, sheep,'f
cattle and camels and gardening around the ocases. Several agricultural scheen
mes have been established during the last decade. Grown under 1rr1gat10n i
with water pumped from boreholes, are sorghum, a]falfa, c1trus fruits dates{f

and vegetables, B o ;f
| The population of Djibouti in 1981 was 323,000 (Table 1. 2) This sharp;'
increase from the 95,000 persons a decade earlier is due mainly to the 1nf1ux§
" of refugees from neighboring countries. Almost all food is 1mported i
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DJIBOUTI
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.Chapter VI

' PROPOSED EARLY NARNING ASSESSMENT PRObRAM o h?ﬁg;' e

The primary purpose. of this pr0posed Early Warning Assessment Program
(uNAP) is to provide timely, re]1able yet inexpensive 1nformat1on on the -
potential for food shortages caused by unfavorable weather. In most cases,
food shortages in the Horn of Africa are related to drought, In some years
however, floods also cause food shortages. Damages from other meteorological
elements, such as hail or strong winds, usually are on a smaller scale.

The preparation of this EWAP was carried out at different stages. Some "
of them are considered background information, and were reported in the pre-
ceding chapters. These are the studies on climate, agricultural practice,
crop calendars, episodic events, physical environment, and population and
food security. Further steps in the preparation of the EWAP involved deter-
mination of assessment regions, analysis and processing of the meteorological
and crop data, determination of indices, determination of rainfall and
drought assessment categories, development of'crop yield modeis, guidelinesj‘
for the preparation of the assessments. They are briefly discussed in the
following sect1ons.

A, AGROCLIMATIC ASSESSMENT REGIONS

1', Determination of Reg1ons

‘As known, agroclimatic assessments can be made for areas of different
size.- If an assessment is made for a country as a whole, droughts or floods-
-that occur only over certain areas of this country might not be detected and
:assessed On the other hand, dividing a country into too many smaller size
Aregions (for more detailed assessments) can overextend available project
resources.
‘ Another consideration to be. taken into account when deciding the number
of reg1ons for a country is the type and amount of data (both meteoro]og1ca]'
'and crop) available for assessments, The most appropriate solution was to
d1v1de the territory of each country into several agroclimatic assessment
.reg1ons. The largest country in the Horn of Africa, Sudan, has the 1argest
number of regions (6). The smallest country - Djibouti has only one. v

The assessment regions were defined on the basis of common climate and - .
»agr1cultura] practice and because of this they are completely different from"
.the regions used by NOAA until recently. Among the climatic elements used. to«
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define the regions, the main emphasis was on the regime of rainfall - both
_the amount and the seasonal variations within the boundaries of a region are
more or less homogeneous. The homogeneity of the regions however, should not
be considered as absolute., Within most regions there are smaller areas w1th
specific climatic or microclimatic features,. ‘

2. Selection of Representative Stations

Two main sets of stations were selected for each asseSsment region:

a) Stations havinyg only mean (normal) rainfall values. These stations
were selected from Wernstedt's "World C]1mate Data" (1977), and were used to
calculate the mean "Wernstedt" amount of. rainfall (weekly, monthly, annual)
for each region. The main reason for using this source of data is that
"Wernstedt" normals are available for a very large number of stations. The
number of stations selected for.each region and country is shown in Table
6.1. A total of 194 stations were selected for the Horn of Africa. | y

b) Statfions with data for individual years. These stations are far more/1
important because they have meteorological data for many years - in many - ;
cases up to-50-60 years - and represent the foundation for a very useful’
assessment toul. The total number of these stations in Subequatorial- Afr1ca15‘
is 88 (Table 6.1). ; '

The assessment reygions in Sudan and Southern Somalia are adequately :
covered with such stations (Figures 2.1 and 4.1). The coverage.pf’Ethiopia,
Northern Somalia and Djibouti is inadequate (Figures 3.1, 4.i‘ahd 5;2); In -
order to improve their coverage, nearby stations from adjaCeht countries,were'e
selected and added to the meteorological data base of the "host" country. -

B. METEOROLOGICAL DATA ANALYSIS AND PROCESSING

1. Quality Control

The primary purpose of the quality control ‘was to provide reliable
meteorological data for the EWAP, The success of an EWAP depends not only on,,
the quality and reliability of the meteorological data for the current year, o
but also on the quality and reliability of the whole time series of past |
meteorological data. This is because the assessment methods preposed 1n th1s
report require comparison of the cond1t1ons existing dur1ng the current year '
with those in the past.

The entire t1me series of the 88 stations were subjected to qua11ty
contrel. The total number of checked individual meteoro]og1ca1 va]ues is;
about 50,000 (88 stations, each one with ahout 30 years of. data, each year



with 12 monthly and one’ annual rainfall values about one-half of the sta- |
t1ons have temperature data as well) “The qual1ty control of the meteorolo-vg
gical data consisted of two main activities: P ‘ :
a) Filling in missing data. Few stations have a time series of 30 or
more years with data for all months and years during this period. For Jff
assessment purposes a missing monthly value means missing the whole year.,

Missing a year for one station means putting more weight on the values of the‘
other stations in the region when the average regional value is calculated

for each year. The estimation of missing rainfall or temperature values was
carried out by using the well known methods practiced in processing climato-
logical data.

b) Correction of erroneous data. There is a large number of factors and
reasons that might lead to incorrect meteorological data for individual
months or even years. Besides human errors,'some other reasons are due to
changes in the location of a station or its surroundings, malfunctioning
instruments, change of methods for observations. As a result, many stat1onsv
had some incorrect values in their time series which had to be corrected |

2. Determination of Common Period of Records

In an EWAP based on regional values, the meteorological data for all sta- .
tions in the region should have the same period of record. It wasftherefore'*
necessary to compare the time series, determine a common period, and omit
those staticns without data for it..

The main problem in determining a common period of record for each region
was whether to select more stations (and thus having better geographical ’
coverage) with shorter period of records or fewer stations with longer
: records. ‘ . :

The number of stat1ons selected for each region and the1r common . per1ods fi
,are shown in Table 6.1. The total number of stations in the Horn of Afr1ca "f
i‘iszesfs-ff“ L | | S
S 3 Calculatlon of Reg1onal Values
. After the ‘quality control of the data and the determination of common
Tperlods of record for each assessment region, an EWAP requires the prepara-
ftion of reg1onal meteoroloyical data bases. This in turn requires the calcu-“
‘lat1on of monthly and annual regional rainfall and temperature values - both N
7for each year of the common period and an average value for the whole per1od gf
The data bases can further be used to calculate frequenc1es, percentile

rank1ngs, weekly values, etc.
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‘”ﬁAnﬂfhpdrtant parameter is the ratio between the mean monthly regional
. raihfa11 calculated from the two different sources: the Wernstedt data and
the data from the stations with the common period of records. This ratio is
used in the assessments and will be discussed in more detail later’in th'isj.j
chapter. The mean monthly and annual rainfall from both sources is shdwhAih
Table 6.2. Essential differences in the data exist in Soma11a where sta-’
tions with historical rainfall data are inadequate. '

C. CROP DATA ANALYSIS AND PROCESSING

1. Quality Control ) , : RS

Crop data, in addition to the crop calendars, cons1st of harvested area, ‘
yield and production for each crop and year. The data come from two sources:
FAO Yearbooks and USDA. The quality of the crop data is marginal. The main
reason for this fs that countries do not report the area, yield and produc-
tion of their subsistence food crops. In most cases these crops, unlike the
commerical crops, do not reach the market. Farmers grow tnem around their
homes, for their own needs, and no records are maintainad. The FAO and USDA
data are only approximate estimates, sometimes differing ¢onsiderably. There‘
are also cases where the same yield is reported for 7 ur 8 consecutive years,
desp1te the fact that the agrometeorological conditions during these years
were qu1te different.

The quality control of the crop data consisted mainly of giving pre- ,f o
ference to one of the data sets (FAO or USDA) in cases when they were d1f-
ferent and of discarding data considered to be unreliable. Unlike the
quality control of the meteorological data, no corrections or filling of'
missing crop data was done.

2. Determination of Crops for Assessments

The EWAP, especially in the early stages of its implementation, cannot
cover all food crops grown in .a country. A selection was made for the crops
to be assessed in each country and region. These are the mdst important sub-
sistence crops, shown in Table 6.3.

D. AGROCLIMATIC INDICES
1. General ,
- One of the most important assessment too]s in ENAP is the use of agrocl1-
' mat1c crop condition/food shortage indices. They are determined for each '
crop to be assessed 1n each region. The indices and the criteria for their
interpretation are estab11shed by: 1) agroclimatic background informatidn :
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including agricultural practices and historic vulnerability according to epi-
sodic event data, 2) agroclimatic analysis of the data discussed in this
report, and 3) results of climate/crop yield modeling for countries in
Subequatorial Africa. These results indicate that drought-related food shor-
| tages are associated with cumulative precipitation and cumulative moisture
stress defined for two to four months during the crop growing season.
Among the various indices, the yield moisture index (YMI) used by NOAA -
was modified (by assigning new coefficients) and selected for use in the-
Horn of Africa during the first stage of this project. After the "Test,and !
Evaluation" stage, other indices might be introduced as we]l "
2. Determination of Assessment Periods "
" The EWAP covers the entire crop season. The lndices however, should
. be used only for those months when moisture conditions are of greater 1mpor-
tance to yield. In most cases, rainfall during the last 15- 20 days of the.
growing period is of lesser importance, and thdrefore should not be used for
the indices. The determination of the assessment periods is based on the
crop calendars and is presented in Table 6.3, where the assessment months are

those which have an index coefficient.

3. Determination of Index Coefficients

Index coefficients indicate how much weight should be put on each monthly
amount of rainfall.. More weight is put on the rainfall during months when |
the crop demand for water is higher, and less weight during months when rain-

- fall is less important.

When YMI was first used by NOAA, the index coefficients were the same as .
the crop coefficients, which as known, are the i‘atio between the actual and
the potential evapotranspiration. Thus a crop coefficient of 0.35 for
example, means that the value of the actual evapotranspiration is 0.35 (or 35
percent of the potential evapotranspiration). The reference crop coefficients
were those determined mostly in America and Europe, where at the beginning of
the crop season (spring time) the weather is still cool and normally the |
soils are saturated with moisture up to field capacity. In the Horn of
Africa, at the beginning of the crop season the weather is much warmer and
the soils much dryer - only the top soil is moistened from the first rains.
Because of this, it was found appropriate to put more weight on the rainfall
during the first two months of the growing season by using using index coef-
ficients that are slightly higher than the crop coefficients for the same
period. The coefficients to be used in the EWAP for the Horn of Africa are .
shown in Tab]e 6.3. =



E RAINFALL ASSESSMENT CATEGORIES :

~'Another assessment tool is to assess the rainfall for each month |
,depend1ng on its amount. For th1s purpose, monthly rainfall amounts can be
grouped into five categories: very dry, dry, moderate, wet and very wet. .
" These categories can serve as an approximate gu1de for the beginning and end',g
of the rainy season,. for the extent up to which the crop water requirements

are satisfied, and for the effect rainfall has on field works and other agr,,
cultural activities. The description and interpretation of the five ra1nfa1[ﬁ¢
categories for the agroclimatic assessment regions in the Horn of Africa 1s .
as follows: K B »‘v, 4
Very Dry Conditions (0-50 mm). Very inadequate for the crops or field |
work. However, at the beginning of a new rainy season and in areas with
sandy soils, monthly rainfall of about 40-50 mm allows farmers to prepare the
agricultural fields {plowing, cultivating, etc.) for the coming crop season.

In arid-areas (with annual rainfall below 400-450 mm) farmers might even
begin sowing the seeds, hoping that larger amounts of rainfall will follow
soon. In the middle of a growiny season, monthly rainfall below 50 mm indi-
cates severe drought, leading to crop failure. The latter could be avoided
on]y'if there are substantial soil moisture storages (not less-than 140- 150
mm of available water 1n the 1 m soil layer) at the beginning of the "very
dry month " At the end of the growing season, a "very dry month" will a]so
‘have an adverse effect on crop yield. In most cases however, it will not -
“lead to a crop failure because the water requirements of the crops are much
‘smaller. . , '

Dry Conditions (50-100 mm). Still inadequate for the crops, but suf-
ficient for most field work. At the beginning of the growing season, month]y?
rainfall of 50-100 mm is considered sufficient for sowing most agricultural
crops in the Horn of Africa. Ouring the growing season of the crops, and
especially in the middle of it, monthly rainfall of 50-100 mm is 1nsuff1c1entf;
and will essentially reduce the yield. At the end of the growing season, a. .
"dry month" will have 1ittle or no adverse effect. : v.‘f, e

Moderate Conditions (100-150 mm). In the more arid areas of the Horn ofiﬁy
Africa (with annual rainfall below 700-800 mm) and for crops that do not
demand large amounts of water (millet, sorghum), monthly rainfall of 100-150
mm could be close to adequate. In the rest of the region and for the rest ofy}
the crops, especially in the middle of their grow1ng season, moderate con-’ .
ditions are still 1nadequate to satisfy the crop water requirement.
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~ Wet Conditions (150-200 nm) Suff1c1ent to sat1sfy the water. requirement
of most agricultural crops in the Horn of Afr1ca. Among the few exceptions
could be sugar cane and maize in the middle of the1r grow1ng season, if grown:

in areas with high air temperature, Irrigated rice also requ1res over 200 mmf]
of rainfall per month. o ' g T
Very Wet Conditions (over 200 mm). Suff1c1ent for all crops ‘grown. 1n thet
Horn of Africa. In some cases, large amounts of rainfall have an adverse ‘:
effect on the crops by worsening the aeration of the soils or. caus1ng f]oods.ﬁ‘
Timely field work as well as pest, disease and weed control m1ght a]so be o
adversely affected by very wet weather. o
The rainfall categories can be used not only to assess the rainfalT

amount during a current month but also the mean rainfall amounts. ThlS helps
to better understand the existing agroclimatological conditions in the
various assessment regions of the Horn of Africa (Figure 6.1).

F. DROUGHT ASSESSMENT CATEGORIES

The categories discussed in the preceding section are used to assess the
whole range (from very dry to very wet) of actual rainfall amounts. Another
assessment tool is actual rainfall expressed as a percent of the normal
amount. Although any amount of rainfall can be expressed in percent of the
normal one, this section deals only with below ..imal amounts that have the
botential to adversely affect agricultural crops.,

Comparing actual rainfall with the normal amount for the same period is
a well known method. However, many factors have to be taken into con-
- sideration before a drought situation is defined. Does a drought exist when .
the rainfall is 90, 70 or 50 percent of the normal? The interpretation of
these percentages distinguishes a good assessment from a mediocre one.

The proposed drought assessment categories differ from those used in
NOAA assessments in three ways: .

1) The percentages used to define a category of drought are not fixed
for the whole continent of Africa but differ from country to country, even
from region to region (Table 6.4). For example, for some regions in the -
Horn of Africa drought conditions exist when the actual rainfall is as-high
as 90 percent of the normal amount. Intother regions drought begins only
when the actual rainfall drops to 70 percent of the normal amount. These
flexible percentages are justified by the fact that in dry, marginal areas
‘the normal amounts of rainfall are small, inadequate to satisfy the crop -
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water requirements. In such cases even a small dev1ation be]ow the normal
amount wi]l have an adverse effect on the crops., On the other hand 1n Net
areas the normal amounts of ra1nfa]l are so h1gh (h1gher than the crop water
’requirements) that drought’ effect 1s fe]t only after significant drop in the
“actual rainfall amounts. : - , :

2) Unlike the previous categories which assess only 8 week per1ods,
the proposed new drought assessment categor1es assess both one and two
month periods. The farming experience’ 1n‘the Horn of Afr1ca, especially
in the more arid areas, clearly shows that adry spell of one month (even
20-25 days) can adversely affect the crops. The episodic event data for
many countries illustrate the adverse effect of the so called "irregular"
or "intermittent" rains, actually drought periods of shorter duration.
Furthermore, as' the historical meteorological data are on a monthly basis,
it is more convenient to make ‘the drought assessment for months rather than
weeks., - |

3) There are three proposed drought assessment categor1es versus two. 1n
the old system: drought, serious drought and severe drought Th1s w1l] R
gnable agrometeoro]og1sts to assess the ex1st1ng agrometeorolog1cal con-'wfséﬂ;'
ditions in more detail. | ‘ ' S

G. CROP YIELD MODELS

Statistical climate/crop yield models were investigated for Sudan
(sorghum, millet, maize and wheat) and Ethiopia (coarse grains and sorghum).
Because of data limitations, models could not be developed for Somalia.

Yield data for the period 1955-1979 in Sudan and 1967-1978 in Ethiopia -
were used in the model development. Yield time-series for both countries did
not have any significant positive trend due to improving technology.

Station level monthly rainfall data accumulated over two to five month
periods during the growing season represent the primary predictor variables
used in modeling. Quadratic (squared) forms of those linear variables were
also used in the analysis; however these were not s1gn1f1cant1y correlated with
yield,

Stations with insignificant correlations with yield were excluded from
the analysis. Rainfall data from remaining stations were averaged to pro- .
vide correlations at the national level. The models developed for Sudan and
Ethiopia are therefore at the national level., The stations used in the final
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‘model'development are as follows: Sudan millet - Wau, Kosti, Wad Medani
Khartoum, Ed Dueim, Nyala, Kutum, E1 Fasher and Geneina; Sudan sorghum -
Renk, Kosti Sennar, Wad Medani, Khartoum and Nyala; Eth1op1a coarse gra1ns -
Asmera, Dese, Gonder, Jima, as well as Gedaref and Kassa]a from Sudan,
Ethiopia sorghum - Dese, Gore, Gonder and Kassala from Sudan. P

A fixed crop calendar with planting in June and harvest1ng 1n September-‘
October was assumed at the national level for both Sudan: and Ethiopia.

The General Linear Model (GLM) has the form: 8

A

Y= bo+ bjxj
o+ A

Y is the estimated yield (metric tons/hectare),

bo is the estimated regression constant, | 74

bi is the ith least square.estimate of the regression coeff1c1ent

xi is the ith climatic predictor variable, i=1, 2,....N;; o

N is the number of independent variables in the model,

1. Models results for Sudan . :

Climate-Yield correlations analyses were conducted for m1llet sorghum, i
maize and wheat. However, millet and sorghum were the only crops wh1ch exh1+i
bited significant correlations with crop yield (Table 6. 5). For m1llet a
number of predictor variables were significant at the 5 percent level of
significance. However, the first three variables, P7_9 (July-September cumu-
lative rainfall), P7_10 (July-October cumulative rainfall) and P7_8 ,
(July-August cumulative rainfall) were selected as predictor variables for
millet models.

The variables P7_8 (Ju]y-August cumulative rainfall), P79 (July-Septem—
ber cumulative rainfall) -and P6 ) 9 (June-September cumulative ra1nfall) were.:
selected as predictor variables for sorghum models.

Three models are presented for each crop. The millet models have -
explained variance (R2) values in the range of 60-66 percent. Similiarly,
the sorghum models have R2 values in the range of 60-63 percent, The model
plots for millet and sorghum are shown in Figure 6.2. These preliminary
models for Sudan are promising, but require testing on independent data prior
to operational use,
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a2, Models for Eth1op1a i o
_ The 1ack of crop y1e]d data of good qual1ty restr1cted model development
to coarse gra1ns and sorghum in Eth1op1a (Table 6 5) For coarse grains, o
there are a number of variables significant at the 10 percent level of signi-
ficance. From these, three variables - P6 9 (June-September cumulative o
ra1nfall), P6_8 (June-August cumulative ra1nfal]), P5 8 (May-August cumula- f7
tive ra1nfa11) were selected for model development. For sorghum, there are a -
numerous growing season variables s1gn1f1cant at the 5 percent level of | ‘”
51gn1f1cance. Three of them - P6_8 (June-August cumulative rainfall), P6 9
(June-September cumulative rainfall) were selected for model development,
The models RZ value ranges from 34 to 42 percent. The standard error of
estimated yield ranges from 0,1 to 0.2 metric tons per hectare. Figure 6.3
shows the models plots for the primary models (Model 1) in Table 6.5. The
Tack of fit is the result of poor correlations. Most of the individual sta-
tions did not correlate highly with yield. Consequently, this was reflected-
also in the national level correlations. The poor quality of yield data is .
the major factor contributing to the poorer correlations. -
The models for Ethiopia were presented here to illustrate some of the
problems with crop model development in data limited regions. The models of~3
Ethiopia are therefore not recommended for,operational use;~" LT T

H.. PREPARATION OF THE ASSESSMENTS ! o _ o
| “As mentioned earlier, the primary purpose of this proposed Early Warning
Assessment Proyram is to provide timely, reliaole yet inexpeneive information
on the potential for drought related food shortages. The assessments are
made by using various analyses and fnterpretations'of'the rainfall data such
as: | '

a) actual amount
_'b) departure from normal, in mm —
1:1o)f:ra1nfall expressed as percent of normal *3’? L
'd)g agroclimatic indices and their percent1le rank1ngs. ff,ﬁ |

‘e)> crop yield models _ e L - ; i
; The assessments can be made for d1fferent per1ods of durat1on.- The'f1rst"f
‘three methods - the actual amount the departure from norma] (mm) and the
rainfall expressed as percent of normal - are suitable for use for any _
period: one week, ten}days, two weeks, one month, etc., including the whole '
crop growing season or the whole rainy season. The agroclimatic indices andf['
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their percentile rankings are suitable for use on a monthly basis, from one
month to the entire crop growing (or rainy) season. Crop yield models indi-
cate the relationship between yield and rainfall during a certain period;
subsequently, each model can be used oniy once during the crop growing
season, at the end of that period. Thus if a model uses the total ra1nfall
for July and August, this model can be used immediately after the total
amount for July and August is known.

Keeping in mind the amount and availability of data as well as the methods
for communicating them from the stations to the nat1ona1 off1ce prepar1ng the
assessments, it seems most appropriate to propose two types of assess-ments e
for each country: ,;

1. Ten day assessments, using only actual, departure from normal.(mm) Qf
and percent of normal rainfall data. They are to be prepared on the 11th;k>
and 21st days of each month. ' L

2. Monthly assessments, using agroclimatic indices and their percenti]efiv
rankings in addition to the actual, the departure from normal and percent ofe;
normal rainfall data. Whenever appropriate, monthly assessments can 1nclude =
yield estimates from the crop yield models. The monthly assessments are to '
be prepared as soon as the data for the month are available.

Both types of assessments can be more useful if an analysis is also made
on the rainfall and indices for all months since the beginning of the rainy |
season (or the crop growing season). Assessments can also be improved if
other available information.such as actual or estimated soil moisture data,
phenological data, infdrmation on the state of the crops, the height of the
plants, the density of the . sow1ng area,-the occurrence of pests and d1seases,
etc., is used by agrometeoro]og1sts in the individual countr1es.
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ﬁfﬁigﬁréié}l‘n‘Agroclimatic regions of the Horn of Africa: mean monthly rainfall .
o - classified by the five rainfall assessment categories (rainfall data
are from Wernstedt).
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Table 6.1. Horn of Africa:
(a star (*) means

agroclimatic assessment stations with rainfall data for the . indices
some of the stations are located in neighboring countries) :

Number of

Stations with data-for,f
O S RS S stations individual years R R T
.| Country |Agroclimatic | with nor- v - Crops to be assessed
oo+l regiom mal va- total | with common per- | . . .
: lues only num- | iod of records
(Wernstedt) ber number | period
- |sudan North 18 9 8 11949-79 | none
e Westcentral 12 7 7 1949-79 sorghum, millet, sesame; 5
Central N 20 11 11 1949-79 sorghum, millet, sesame |
Eastcentral - 15 6 5 1949-79 sorghum, millet, sesame = [-:
Southeast C o 14 10 6 194%-75 maize, sorghum, millet
Southwest - 12 9 8 1949-78 maize, sorghum, millet
Ethiopia |North '>1’14‘» 6* 4 1952-79 sorghum, millet, maize
West ~..30: 9% 7 1964-79 teff, maize, sorghum
Central "15‘ E 4 none none teff, maize, sorghum
East Qo 7% 3 1950-72 none
Somalia |North ;,  ',13  R ™ 3 [1933-60 | none
South ‘ifl9f5’ 6. 5 1933-60 sorghum, millet, maize
Djibouti 10 1 1 |1920-72 | pastures o
Total i3’ 194 88 68" - -

4:8



" Table “6.2.’ Mean monthly regional rainfall calculated from Wernstedt (W), ahvd‘,vfrm stations with common. period (C)

JAN FEB MAR APR MAY JUN JuL AUG SEP oCT NOV DEC . fA“NUAL—

v8

- COUNTRY REGION W € W € W € W € W € W C W C W C W C W C W € W C W _¢
Central* 18 - 26 - € - 109 - 78 - 6 - 13% - 147 - 10 - 71 - 4 - 18 - 87 -

“hhmpia East 12 16 11 15 17 14 34 38 20 1& 0 1 3 9 & 6 5 2 48 22 20 38 19 17 1% -192
North 12 1 17 3 27 8 39 22 32 37 39 85 145200 159185 S1 75 15 24 13 12 13 6 - 561 658

West 25 18 25 30 83 50 113 79 112 126 156 169 263 266 254 260 172 181 86 89 48 42 30 18 1379 1328

Somal i North 4 5 4 3 13 9 33 12 43 20 122 1 lo 3 17 3 2 2 2818 171 7 & 209 97
South 3 2 2. 11 12 91 69 80 57 45 37 36 25 17 12 14 7 66 34 57 30 22 12 445 299

Central 0 00 0 1 6 5 35 21 54 47 121107 138 131 82 72 34 27 2 0 0 474 412
Eastcentral 7 0 3 -0 1 6 6 29 20 68 80 125151 153166 92 &7 27 22 3 5 0 525 536

North 2 3 0 1. o 1 i 3 2 1 1 15 16 26 2 5 5 3 3 8.9 4 5 70 68

Sudan Southeast 1 2 3 4 12 19 46 4 99 99 125 116 164 152 175174 133127 71 83 12 21 2 5 842 846
Southwest S 5 13 12 45 S0 102 103 155147 167 159 186 177 205 200 164 161 111 133 .32 40 ;9.8 119% 1195

Westcentral 00 ©0-0 0 1 S 5 31 26 53 60 143 143 193176 92 85 20 21 0 - 0 00 "S41 515

* No reglonal values calculated, due to inadequate number of stations.




85

Tébl§5f6?3gyjIndex ﬁépiods;#@dféoéﬁfiéienté’fbf'calculating YMI (in percentage)

R
Cbuntryff§*5ﬁ3 "Crdp S FEB

Sorghum, millet
WC|[Maize
Groundnuts, sesame

Sorghum, millet
C [Maize
' Groundnuts, sesame

Sorghum, millet e 500 60 90 80
Sudan EC|Maize ' e . 507770100 80
Groundnuts, sesame N T R -

Sorghum, millet | - - 50 60 80 100 80
SE [Maize .t 50 60 90 90 80
Groundnuts, sesame o .50 60 80 100 80

Sorghum, millet 30 40 80 90 90
SW|Maize 30 40 80 90 80
Groundnuts, sesame . 30 40 80 100 90

N |Sorghum, millet LR 40 80 100 80
Wheat, teff oS- 30 60 90 90 80

Maize ‘ © 30 40 60 90 100 90 70
Ethiopia|W |Sorghum, millet L .7300 40 60 90 100 80
Wheat, teff ... 30 40 80 100 70

Maize | 40 50 60 90 100 90 70
¢ |Sorghum, millet 40 50 90 100 90 70.
Wheat, teff , 3050 80 100 70

Somalia |5 |Maize, sorghum, millet 60 80 100
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“24;5’ff6poéed drought assessment categories during the
©. . . crop growing season in the Horn of Africa

Counﬁfyf&vﬁééi9ﬁ ”

One month rainfall

(% of normal)

Two months rainfall

(% of normal)

Serious
Drought

Severe
Drought

Drought

Serious
Drought

Severe
Drought

ol e . WC_
‘[Sudan: v Co -

Drought

- Neda.
80
80
80

15|
Jo70 |

n.a. )

70
70
70
65’
60

n.a.
60
60
60
55.°
.. 50

n.a.
85
85.

-85
85 -

80

n.a.
© 80
80
. 80
75
=270

N.a.
70

70
70

65 |

60

f:éfﬁibpiéy

mo 8= -

7‘575»‘

|0
e a0

60

65

n.a.

70

60
50
55

g5

.80
NeAs

75

80
\‘70QTW

n.a‘-‘ L

“70:;35
0 |
65|

 ';Somélia

wn =

‘n,a,

n.a.

n.a.
80

n.a.
90

n.a.
85

“n.a.o |

. nia, -

D} ibouti

Nn.a.

75
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Table 6.5, Crop Yield Models

ero Percent
|Botetuee | scandard
—_— (&%) (me/ha)
Millet | Mode1 1: ¥ = -.13+.0020 P79 | 66 .07
Millet - Model 2: ¥ = -.12 + .0019 P7.10 | &5 .07 : »
Millet Model 3: Y = .02 + .0020 P7_8 60 .08 f
Sorghum Model 1: Y = .36 + .0020 P7_8 63 07
Sorghum Model 2: Y = .30 + .0017 P7_9 60 .08
Sorghum Model 3: Y = .25 + .0017 P6_9 60 .‘oar'w
S ; L Y Percent
ﬂCro§? " 1  "“5 Models foffgthiééi;?,. gzziaizzd :;:ggard
L ' ""; . (R%) (mt/ha)
Coarse Grains |Model 1: Y = .13 + ;0614‘P6_9 36 .13
Coarse Grains | Model 2: § = -,03 +..0020 P6_8 36. ;13.“
Coarse Grains | Model 3: Q = ,02 + .0017 P5_8 34» .i3 |
Sorghum Model 1: Y = .46 + .0008 P6_8 42 20
Sorghum Model 2: ¥ = .42 + .0006 P6._9 | 41 1o |
lsorghun Model 3: Y = .41 + .0013 P89 8 | a0

Notétiéhij“§tis the expected yield in metric tons per hectare of planted area.

vf is fhe‘monthly rainfall (mm). P6_9 refers to cumulative rainfall
for the period June through September. 'P7 10 refers to cumulative
rainfall for the period July through October, etc.
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CHAPTER VII

S CONCLUDING REMARKS

An Early Warn1ng Assessment Program has been developed to provide ,=‘f
reliable information on the potential for disastrous subsistence food short-'
ages due to drought in developing countries of the Horn of Africa. This ‘ 
proposed early warning program, based on a combination of weather and cropf}f
condition/food shortage assessments, is objectively determined by = = ‘m
climate/crop relationships. It is also suff1c1ent1y economical for pract1cajé

o

real-time operations.

These assessments have the capac1ty to prov1de useful 1nformation by i
about 30-60 days prior to the final harvest of the crop. This cou]d repre-»fi
- sent a potential 3-6 months early warning prior to drought- -related food

shortages.

The data bases, background information, techniques, agroclimatic models,
~and computer software necessary to implement these assessments have been
developed,” It is recommended that this early warning program be tested and
evaluated prior.to implementation on an operationa] basis. This test and
evaluation phése would provide experience in the preparation of assessment
reports. Case study analyses and verification analysis would allow technicalf
modification and recommended improvements in assessment procedures. "
This program can potentially benefit AID in attaining the fol]ow1ng
goals: SR
1) to monitor and assess potential and actual disaster situatibns‘due7{jf

to drought in the Horn of Africa, thereby providing increased'leadér_f
, time for planning strategies on food assistance,

Vé)‘ to increase the U.S. technical capacity to define disaster-prone
~ conditions and to recemmend disaster-avoidance measures, and ‘
3) to apply and transfer both technology and information to developing

countries, international -organizations and others. S
Within the context of applying weather and climatic data to agroc]ima-

. tic systems, the methods proposed are: 1) inexpensive, 2) timely, 3) con-~'“'
_sistent with known agronomic practices in these countries and 4) cons1dered
" to be potentially capab]e of providing reliable early warning. 1nformat1on.;‘7
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