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Introduction 
Drought is a "'creeping" natural 
disaster which can lead to crop 
failures and economic losses, 
Many developing countries in 
semi-aridto subtropicalfood areprone disastrous zonesshort-
roe tod daiasTus fod srt-

larlyges f nThs isac-larly true of those countries fac-ing increasing population pres-
sure with diminishing natural 
resources or uncertain potential 
for growth in the agricultural 
sector. 

For example, several countries 
in Africa currently are con-
fronting severe food shortages, 
These shortages are directly as-
sociated with severe drought
during critical crop growth 
stages in 1979. In fact, many
countries in Africa also received 
sub-par rainfall during 1978. In 
general, these problems parallel 
those which were experienced in
the Sahel Region during the 
early 1970's. 

The risk of food shortages due 
to meteorological drought is 
compoundd in some cases by less 
than optimam land-manage-
ment practices which decrease 
agricultural productivitty. Also, 
in many developing countries 
questions involving energy and 
agriculture are interrelated, 
Unlike most mid-latitude coun-
tries where fossil fuels represent
the primary energy source, char-
coal derived from wood is used by 
most households in developing
nations, particularly in rural 
additional land for agriculture 
can lead to deforestation. In 
countries such as Haiti, located 
on the western third of Hispa-
nola in the Caribbean Basin, 
deforestation and poor land-
management practices have lead 
to severe soil erosion which prob-
ably has increased the risk of 
potential food shortages, 

When a country experiences 
drought-related food shortages, 
there frequently is a request for 
international relief assistance. 
Decisions on such requests must 
be basedof objectivelyall availableon eval-uation 	 aninforma-
tion to determine the magnitude 

of the problem and human needs.A reliable early-warning pro-gram designed to alert delision 
makers to potential problems is a 
key element of disaster pre-
paredness, as well as a basis to 
support decisions for assistance. 
Knowledge of the antecedent 
conditions associatd with the
disaster also is important. The 
information, and paricularly the 
data, necessary to develop an 
operational early-warning sys-
tem frequently are quite limited 
in those developing countries 
where the potential for drought-
related food shortages is gioat-
est. 

Because of these ,onsid-
erations, the NOAA/EDIS center 
for Environmental Assessment 
Services (CEAS) was asked by
the U.S. Office of Foreign Dis-
aster Assistance (OFDA),
Agency for International Devel-
oment, to investigate (1) early-
warning procedures for disaster 
assistance needs associated with 
drought in developing countrie_, 
(2) relationships between large-
scale circulation patterns and 
regional drought, and (3) the 
impact of deforestation and soil 
erosion 	in Haiti. 

This multidiscipline effort, in-
itiated in 1977, is being cor.-
ducted by the Climatic Impact
Assessment Division (CIAD)-
Models Branch located in Colum-
bia, Missouri, and the Climati2 
Assessment Branch (CAB) lo-
cated in Washington, D.C. Addi-
tionally, the Models Branch of 
the CIAD also works in close co-
operation with the University of 

Missouri, Columbia in the devel­
opment of this program. 

The goals of the program in­
clude: 

providing AID/OFDA withqualitative weekly weather 
assessment reports on the im­

pact of anomalous weather 
events and short-term clima­tic conditions.
 
developing an agroclimatic
 
data base to investigate inter­
relationships among climate, 
agriculture, food shortages, 
and deforestation. 

adeveloping a low-cost Cli­
toring System to provide re­
liable early- warning of poten­
tial food shortages due to 

drought. 
The initial project (CEAS, 

1979a), A Studyofthe Caribbean 

Basin Droug cht/Food Production 
Problem, was completed in May
1979. Questions involving food 
security in Haiti were integral to 
this study. A secvnd study
(CEAS 1979b), Deelopmeni of 
Weather-Crop Relationships for 
Drought-Prom,Countries of Sub-
SaharanAfrica, was completed in 
July 1979. Climate/crop assess­
ment procedures proposed by
CEAS (1979a,b) for early­
warning of drought-related food 
shortages currently are in the 
final phase of test and evaluation, 
and are scheduled to be corn­
pleted in December 1980. As­

pects of these studies recently 
were discussed at the Conference 
on Climate and Risk, by Strom­
men, Krumpe, Reid, and 
Steyaert (1980). 

A current project, "Climatic 
Analysis and Development of 
Climate/Crop-Yield Models for 
Southeast Asia and the Indian 
Sub-Continent" is scheduled for 
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completion in May 1981. Two 
other projects involving analysis 

for countries in southern Africa 
and selected countries in Latin 
America are expected t,. begin 

" uring 1981. 

• . . 

..~~~~~~~~~...... . . . . ... ... : . 

e " i- ".. ' 

:-. . - . . 

-,O.e .* .-

v"e " . s.oi b. . . -T,.,"a 

" --w n - base , ­- *" ps 
mate/crop-" .l rlt-hp "e 

-

the -am. anlyi -ab,,vecan subi•e ..... 

ii o of me"errts, ac 

an , ' analy"sisclimati 

eal-opm. of-quant-itatie, 
ases.o-mnaregular~. -ete wekl 

For a gi'.cn geographic region 
the above analysis ca'i he subdi-

vided into two broad phases. The 
developmental phase includes 
regular weekly weather asse±ss-

ment reports, acquisiion of me-

teorological and other data, 

climatic analysis, and devel-
opment of quantitative, early ­

warning procedures based on cli-
mate/crop relationships. The 
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test and evaluation phas e is de­
sigr.ed to refine, verify, and vai­

datk assessment procedures, as
 
well as complete the necessary
 
dor'imentation and computer
 

the system
softwaire to make 

routinely operational.
 

This paper focuses on the de­
velopmental phase and discusses
 
some of the approaches that havw
 
evolved as more experience has
 

'U 

5 



been gained in working w.th 
limited-data countries. For e.--
ample, limited meteorological 
and agronomic data frequently 
preclude the developnent of a 
traditional regression-type cli-
mate/crop yield model. In such 
cases an appropriate crop indexmust be developed. Historical 
information on the causes of crop 
failure and occurrences of food 
shortages is vital to the selection 
and verification of the index. 
Furthermore, these studies in-
volvo subsistence-type agricul-
ture which has built- .n 
safeguards against adverse cli-
mate. The latter include the 
planting of several diverse crops 
and extended planting periods at
the lbeginning of the rains sea-
son to guard against short-term 
dry spells. Additionally, low-

yielding, indigenous crop vani-eties are frequently preferred to 
improved varieties, due to their 
higher tolerance to drought. The 
type of crop and where it is 
grown also can vary widely in a 
country,couna depending oniteli- eli-... ...... .rydepenin on the aprecipitation _fr-im a variety of 

From 8,000 plus stations received 
over the WMO Global Tele-
communication System are some 
of the primary input data. Ano-
malous weather events, weekly 
weather, and short-term climatic 
conditions are discussed, as 

appropriate, for each agroclima-
tic region, 

Dailybw1eather observationsei-
ther are limite or on-existent 
fofoereg ns,Mlssingor in-
clnplete reports, inadeqt-ajte 
s -6icoverage.andaCer-oneous 
reportsrepre e§sf-t Sie -iom-ion 
limitationis. These-1Fo-W-6ms pre-
dud-th/-ii- j-i-o 

pu e-r soft\ ii:r-esfide-topr-
i ­

cal -im-ffid-ry-oTmin-faJl-datar 
u-in itDiirj --th-6gtile, 
asseisnients-or for-irinput to the 
crop m6ideisj[fTh this regard, CAB 

- - -'- - ucinperforms hctwo functions which 
are critical to the success of the 
overall program. These involve 
quality control of the data and in 
many cases estimation of daily 

mate and so;. Finally, the cul-mtean so ina,prticuly 

rice cultivation, is another factor 
wich e cultivaionsierd fcor 

to developing even a very simple
model, 

Weekly Weather Assessment 
Reports 

Initiated by CAB for the Carib-bean Basin in late 1977 (Le-

Comte, 1978), assessments cdr-
rently are made for 18 countries 
in the Caribbean Basin (27 
agroclimratic regions), 50 coun-
tries in Africa (109 agroclimatic 
regions), and 14 countries in 
southern Asia (107 agroclimatic 
regions). Climatological nor-
mals, satellite imagery, weather 
charts, and statistical summaries 
of daily synoptic weather reports 

sources as discussed byLeConite(197y- a-nd by . S-tr-om-men, 
Kru mpe, Reid, and Steyaert
(1980). The importance of this 
facet of the program should not 
be underestimated. Severalhighly drought/prone regions 

which are susceptible to food
shortages are exactly those re-
gions where quality control and 

estimation of precipitation data 
are required. 

The Data Base 
The meteorological data base 
consists of long-term records of 
monthly precipitation and mean 
temperature data for the Carib-
bean Basin (1920-1978), Sub-
Saharan African countries 
(1950-1977), and southern Asia 
(1950-1979). Monthly maximum 
and minimum temperatures, the 

number of rainy days, cloud coy­
er, and humidity data also have 
been as.;embled for some coun­
tries in southern Asia. Other 
sapporting data include monthly 
upper air and marine data (i.e., 
sea surface tendmerature and sea 

level pressure), which are used to 
examine relationships between 
large-scale circulation patterns 
and drought. 

Agronomic data include crop
statistics (i.e., acreage, produc­
tion and yield) as available, crop 
calendar information, manage­
ment and agricultural practices, 
and "technology" data for south­
ern Asia. Technology data gen­
orallv include gross fertilizer ap­
plication (usually at the national 
level), percent area planted to 
high-yielding varieties, and per­
cent area irrigated. 

h psdldt nldThe epistdal data include docu­
mented reports on the hi,;torical 
ocurrences of drought, flooding, 

camage due to hurrio-anes or ty. 
phoops (as regionally appropri­
ate), crop failure or damage due 
to ,,hese factors or others such as
plant disease or pests, incidences 
of civil unrest and other 

ou 

non­
weather factors likely to have 
been disruptite to agriculture 
production, and incidences of
abnormal food shortages or fain­
inc.
 

Sources for meteorological data
 
included WMO records, official 

government publications and
 
records obtained through the co­operation of officials in many ofthe countries under study, and 
published reports c;' various re­
search groups. Frequently, the 
data available from separate 
sources were compared for con­
sistency. Agronomic data, if 
available, were obtained from 
agriculture reports or publishedresearch studies. Episodal da a 
were primarily obtained through 
an extensive literature search 
and through personal interviews 
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with knowledgeable officials. 
Most episodal data are quali­
tative in nature. 

Because the availability and 
quality of these various types of 
data rang from adequate to 
limited, an attempt was made to 

augment 
one data 

possible dleficiencies in 
set with information 

; , ., ..--. . .particularly, from 
were 

an associated data set,if crop-yield data 
considered unreliable. 

Important considerations ad­
dressed through integrated ana­

600-
60 lysis of these data bases included: 

(1) the Ceterminants of crop 

400 
300-
200 

yield, (2) the relative importance 
(if non-weather and weather 
factors to crop failure, (3)unique 

200- characteristics and problems as­
100 sociated with local agriculture-

S5practices. (4) the relationship 
40oobetween crop failure and abnor­

t m00ral food shortages, and (5) the 
type of modeling approach best 

200 suited for a given region. 

400 

300 
100 

(,rop Modeling Approaches 

200 3 6 9 Because of data limitations, 

100l traditional climate/crop yield 

3 6models, such as (liscussed in El)IS 

500, 
400-

(1979) and Hill, 0t aI. (1980), 
could not be developed in many 

300- cases. The availability and quwli­

2001 ty of both historical and real­

100- time (lata determine the appro­

3 69 priate 
al)proach. 

type of modeling 
The modeling was re­

stricted primarily to the impact 

of drought in semi-arid regions 

6001 and (id not adress the impact of 

500- f exces:ive moisture conditions or 

400 flooding. lhysiologic damage to 

3001 a crop due to drought generally 
200 results in yield reductions which 

100 have an approximate direct 

3 6 9erity. 
relationship with drought sev-

However, .rop damage due 

to excessive moisture or flooding 

Figure 1. Bangladesh niean 

monthly rainfall (inin) by agro­

climatic regions. 
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Figure 2. Inpvu.: and outputs for Models were developed for information to verify the "fixed" 
a model thot predirts probhe agroclimatic regions generally crop calendar. Crop data include 
crop responsf, to u-cathcr evet'cs. defined according to such factors results of controlled experiments 

as climate, cropping practices, in which climate/crop relation­is a more complex and soils infornation. Figur? I ships have been investigated and 
thatphyicaid/orphyiolgicsh,ws the agroclimatic regions quantified.that physical anod/or physiologicfo 

damage can occur. Another for Bangladesh, as well as the The primary output is the Crop 
!,quirement was that predictor distribution of "normal" pre- Response Indicator which should
ariblesmut b thyal re-r cipitation for each region. (If be, a priori, related tovariables must b2 physically re- year-to­feasible, the agroclimatic regions year variations in yield, i.e.,lated to the biologic require- are defined for a use in both crop predictor variable. As discussed 

ments of the crop and, ideally, modeling and weekly weather above, episodal data and infor­
the primary factor ssociated assessments). mation on cropping practices
with year-tG-yea ' variations in wereFigure 2 shows the various in- used to verify the physical
yield. puts and outputs for the importance of this variable to the

Whenever feasible '.n attempt agroclimatic analysis used in this crop. 
was made to develop more than modeling. For exanple, monthly Three types of climate/crop­
one type of model for a given precipitation, temperatu-c, and yield models were developed, de­
crop. This permits crop condi- daylength are u,;ed in con- pending the quality ofon thetions to be assessed in terms of junction with crop and soil daux data. In countries where at least
the known strengths and weak- to derive a soil moisture budget, marginal crop-yield data were 
nesses of partcular crop models, various agroclimatic indices, and available, the more traditional 
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Figu~re 3. Three response indexes 
for Cap Haitien, Haiticorn. 

linear regression of yield with 
respect to agroclimatic pre-
dictors was used. 

The second approach involved 
the use of traditional climate-
crop yield models as analogues 
for other regions to provide rela-
tive yield information. Analogue 
regions were defined as having 
climatic conditions and cropping 
practices very similar to the re-
gion which had available climatic 
data, but limited crop-yield data. 

The third approach was based 
on agrocirmatic crop indices de-
veloped from historical data and 
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used to provide relative yield in- 
formation. For example, Figure 
3 shows the application of three 
different agroclimatic crop re-
sponse indicators to develop his-
torical indices for corn at Cap-
Haitian, Haiti. The indices have 
been expressed in percentiles 
determined for the years 1922-
1977. 

The R-index and Soil Moisture 
Index (SMI), are based on 
soil moisture accounting proce-
dures. The index labeled "YMI" 
is based on cumulative pre-
cipitation weighted according to 
the specific water requirements 
of -orn during the planting, 
vegetative, and flowering 

growth stages. At this particular 
location the indices are very con-
sistent with one another; how-

ever, differences among the in­
dices would suggest a potentially 
anomalous year. 

Crop indices such as those in 
Figure 3 can be used to provide 
relative yield information after 
the historical occurrences of crop 
failure or food shortages have 
been used to verify and interpret 
the index. For example, drought 
was reported in northern Haiti 
during 1947, 1956-1958, and the 
early 1970's. Corresponding to 
these drought years were abnor­
mal food shortages reported dur­
ing 1948, 1959, and 1970's. 
Climatic Analysis 

Climatic analysis for these 

NOAA/AID projects also in­
volves examination of seasonal 
rainfall data for short-term 
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trend, possible changes in vari- related food shortages in Haiti Fif./rc 41. Impact of soil erosion
ability, or other unusual behavior during the period 1975-1977 in- on cort tield, Port-de-Paix,
which would he of importance to eluded: (1) recent large-scale Haiti. 
potential food supplies, agricul- climatic change in the Caribbean 
taral planning, or land-use con- Basin, (2) microclimatic change 
siderations. Another goal is - leading to reduced rainfall in 
amination of possible relation- Haiti as the result of massive least two adjacent countries
ships between large-scalesaion circu- deforestation, or (3) "pseudo- (Dominican Republic, Jamaicaptens ande-sleason drought" conditions associated
lation patterns and seasonal 

and Puerto Rico); (2) althoughwith soil erosion.rainfall to gain a better under- Seasonal rainfall data (1920-
the 1970's were relatively dryyears, climatic conditions were

standing of regional drought. 1978) from approximately 75 not statistically different from 
Climatic analysis for the stations in the Greater Antilles previously observed conditions;Caribbean Basin as discussed in were analyzed for climatic (3) although seasonal rainfallCEAS (1979a) was undertaken change. Analysis suggested that: data for the period 1920-1978 re­as a necessary step to investigate (1) extreme drought conditions vealed essentially random behav­possible envi:onmental reasons tend to occur simultaneously in ior, there have been short-termfor the frequent occurrence of one or more countries. In 9 of 12 trends towards increasing ordisastrous food shortages in years when Haiti experienced decreasing rainfall during theHaiti, but not in adjacent coun- severe drought, drought condi- period. These short-term trendstries. For example, some of the tions of at least the same magni- are associated with 25-30 yearexplanations for the drought- tude also were observed in at fluctuations in the data and are 
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of importance to agricultural 
production. 

D)iagnostic analysis of upper 
air data for the Caribbean Basin 
and of seasonal rainfall for the 
period 1958-197S sugge-,ted that: 
0) anmahuly cool war 


the l 1condiios within 
ohwest 1.5 

km layer of the atmosphere are 
(wet)


conditions in the Greater An-
tilles; (2) increased (decreased) 
atmospheric stability within this 
same low-level layer is associated 
with dry (wet) conditions; and 

(3) regional drought in the 

Greater Antilles region can be 

linked directly to anomalous 
large-scale circulation patterns, 

Microclimatic change in Haiti 
also was considered as a possible 
reason for frequent abnormal 
food shortages. However, a more 
plausible explanation was iirst 

made by Ewel (1977). He sug-
gested that soil erosion has re-

duced the water holding capacity 
of the soil, thus, reducing poten-
tial soil moisture reserves and 
increasing the vulnerability of 
crops to short-term dry-spells. 
Ewel termed this condition 
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