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* Introduction

Drought is a “'creeping” natural
disaster which can lead to crop
failures and eccnomic losses.
Many developing countries in
semi-arid subtropical zones are
prone to disastrous food short-
ages and famine. This is particu-
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-
frenting scvere 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 s
compounded in some cases by less
than optimum land-manage-
ment practices which deerease
agricultural productivity. Also,
in many developing countries
questions involving cnergy 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
areas. The need for energy and
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 1s a request for
international relief assistance,
Decisions on sucn requests must
be based objectively on an eval-
uation of all available informa-
tion to determine the magnitude
of the problem and human needs.
A reliable early-warning pro-
gram designed to alert devision
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 associated with the
disaster also is important. The
information, and particularly the
data, necessary to develop an
operational early-warning sys-
tem frequently are quite limited
in thuse developing countries
where the potential for drought-
related food shortages is gieat-
est.

Because of these ronsid-
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-
orment, 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 con-
ducted by the Climatic Impact
Assessment Division (CIAD)-
Models Branch located in Colum-
bia, Missouri, and the Climatiz
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:

e providing AID/OFDA with
qualitative weekly weather
assessment reports on the im-
pact of anomalous weather
events and short-term clima-
tic conditions.

e developing an agroclimatic
data base to investigate inter-
relationships among climate,
agriculture, food shortages,
and deforestation.

* developing a low-cost Cli-
mate/Subsistence Food Moni-
toring System to provide re-
liable early-warning of poten-

tial food shortages due to
drought.
The initial project (CEAS,

1979a), A Study of the Caribbean
Basin Drought/Fovd Production
Problem, was completed in May
1979. Questions involving food
security in Haiti were integral to
this study. A second study
(CEAS 1979b), Developmeni of
Weather-Crop  Relationships for
Drought-Prone Countries of Sub-
Saharan Africa, was completed in
July 1979. Climate/ecrop 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 com-
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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corapletion in May 1981. Two
other projects involving analysis
for countries in southern Africa
and selected countries in ILatin
America are expected t. begin
“during 1981.

For a givcn geographic region
the above analysis can be subdi-
vided into two broad phases. The
developmental phase ineludes
regular weekly weather assess-
ment reports, acquisition 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 phase is de-
sigred to refine, verify, and vali-
dat. assessment procedures, as
well as complete the necessary

docimentation and computer
software to make the system
routinely operational.

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



been gained in working with
limited-data countries. For e,-
ample, limited meteorological
and agronomic data frequently
preclude the development of a
traditional regression-type cli-
mate/crop yield model. In such
cases an appropriate crop index
must 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-
volve subsistence-type agricul-
ture which has built-in
safeguards against adverse eli-
mate. The latter include the
planting of several diverse crops
and extended planting periods at
the beginning of the rainy sea-
son to guard against short-term
dry spells.  Additionally, low-
vielding, indigenous crop vari-
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, depending on the cli-
mate and so’l. Finally, the cul-
tural use of water, particularly in
rice cultivation, is another factor
which must be considered prior
to developing even a very simple
model.

Weekly Weather Assessment
Reports

Initiated by CAB for the Carih-
bean Basin in late 1977 (Le-
Comte, 1978), assessments car-
rently are made for 18 countries
in the Caribbean Basin (27
agroclimatic regions), 50 coun-
tries in Africa (109 agroclimatic
regions), and 14 countries in
southern Asia (107 agroclimatic
regions).  Climatological nor-
mals, catellite imagery, weather
charts, and statistical summaries
of daily synoptic weather reports

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.

Daily_weather observationsei-
ther are limited or non-existent

for some régions. Missing or in-
complete  reports, inadequate

spatial coverage, and eFroncous
reports represefit’ somie Common
limitations. Thesé probléms pre-
cludé the development of com-
puter software designed to pro-
\'idG—a"éti’aigh“t‘-'fOF'\i;‘é'r‘HNs‘@L_Tgfi-
cal summary of vainTall data for
use " in preparing the weeKly
assessments or for input to the
crop models. Tn this regard, CAB
performs two 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
precipitation from a variety of

sources as discussed by LeComte
(1978) "and by Strommen,
Krumpe, Reid, and Steyaert
(1980). The importance of this
facet of the program shouvld not
be underestimated. Several
highly drought/prone regions
which are susceptible to food
shortages are exactly those re-
gions where quality control and
estimation of precipitation data
are recuired.

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 cov-
er, and humidity data also have
been gssembled for some coun-
tries in southern Asia. Other
supporting data include monthly
upper air and marine data (i.e.,
sea surface temperature 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, erop
calendar information, manage-
ment and agricultural practices,
and "technology” data for south-
ern Asia. Technology data gen-
erally include gross fertilizer ap-
plication (usually at the national
level), percent area planted to
high-yielding varieties, and per-
cent area irrigated.

The episodal data include docu-
mented reports on the historical
weurrences of drought, flooding,
camage due to hurricanes or ty -
phoors (as regionally appropri-
ate), crop failure or damage due
to vhese factors or others such as
plant disease or pests, incidences
of civil unrest and other non-
weather factors likely to have
been disruptive to agriculture
production, and incidences of
abnormal food shortagzes or fam-
ine.

Sources for meteorological data
included WMO records, official
government publications andg
records obtained through the co-
operation of officials in many of
the countries under study, and
published reports ¢f various re-
search groups. Frequently, the
data available from separate
sources were compared for con-
sistency.  Agronomic data, if
available, werc obtained from
agriculture reports or published
research studies. Episodal dava
were primarily obtained through
an extensive literature search
and through personal interviews




400
300
200
100

pomar e
-

600
500
400
300
200 L
100 o

300
200
100

with  knowledreable officials,
Most episodal data are quali-
tative in nature.

Because the availability and
quality of these various types of
data range from adequate to
limited, an attempt was made to
augment possible deficiencies in
one data set with information
from an associated data set,
particularly, if crop-yield data
were considered  unreliable.
Important considerations ad-
dressed through integrated ana-
lysis of these data bases included:
(1) the determinants of crop
vield, (2) the relative importance
of non-weather and weather
factors to erop failure, (3) unique
characteristics and problems as-
sociated with local agriculture
practices, (4) the relationship
between crop failure and abnor-
mal food shortages, and (5) the
type of modeling approach best
suited for a given region.

Crop Modeling Approaches

Because of data limitations,
traditional climate/crop vield
models, such as discussed in EDIS
(1979) and Hill, ¢t ol (1980),
could not be developed in many
cases. The availability and quali-
ty of hoth historical and real-
time data determine the appro-
priate type  of  modeling
approach. The modeling wwas re-
stricted primarily to the impaet
of drought in semi-arid regions
and did not address the impact of
excescive moisture conditions or
flooding. Physiclogic damage to
a crop due to drought generally
results in yield reductions which
have an approximate direct
relationship with drought sev-
erity. However, 2rop damage due
to excessive moisture or fleoding

Figure 1. Bangledesh mean

monthly rainfall (mm)} by agro-
elimatic regions.
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Figure 2. Inputs and outputs for Models were developed for

a model thet predicts prebeble
crop response (o wealher events.

is a more complex problem, in
that physical and/or physiologic
damage can occur. Another
requirement was that predictor
variahles must he physically re-
lated to the biologic require-
ments of the crop and, ideaily,
the primary factor sssociated
with year-tc-year variations in
vield.

Whenever feasible on attempt
was made to develop mere than
one type of model for a given
crop. This permits crop condi-
tions to be assessed in terms of
the known strengths and weak-
nesses of partizular crop models.

agroclimatic regions generally
defined according to such factors
as <limate, cropping practices,
and soils information. Figurs )
shaws the agroclimatic regions
for Bangladesh, as well as the
distribution of ‘'normal” pre-
cipitation for each region. (If
feasible, the agroclimatic regions
are defined for use in both crop
modeling and weekly weather
assessments).

Figure 2 shows the various in-
puts and outputs for the
agroclimatic analysis used in this
modeling. For exarnple, monthly
precipitation, temperatu-o, and
daylength are uwsed in con-
junction with crop and soil data
to derive a soil moisture budget,
various agroclimatic incices, and

-, £
s !
P A o
L \\i 3 |
Ay *
et S
yory \ "\ ' -~
o, N : A
[., \ s e g t N \
. P 00T ' !
FreT ﬁ‘ -~ v
R oy '
,;"..- \ I3 —e———? . \ \
& . =
\ --j oty i ‘ SR T
Sy [y ' \ 3 v . ‘
L{ ! Q J s 'w} m—
H 4"\‘}\)'. o ! :
S SRR b
* i g 0y
R T O TR
. e . , H .
- o i '
- ll . - N i
- N { 9 t i
A Sp— A i
? K ~
AT T A T Y ,
Yol \/._r,} [ E /
- S ~ 'L f IS
eme! P hean !
~. ! ¢ vy “;‘v,y) !
. .."‘ ‘3 1 ‘) a-
sy ” ,
- /
e, D
o .

information to verify the “fixed”
crop ralendar. Crop date include
resul (s of controlled experiments
in which climate/crop relation-
ships have been investigated and
quantified.

The primary output is the Crop
Response Indicator which should
be, a priori, related to year-to-
year variations in yield, i.e., a
predicter variable. As discussed
abhove, episodal data and infor-
mation on cropping practices
were used to verify the physical
importance of this variable to the
crop.

Three types of climate/crop-
yield models were developed, de-
pending on the quality of the
data. In countries where at least
marginal crop-yield data were
available, the more traditional

'
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Figure 3. Three response indexres
for Cap Haitien, Haiti corn.

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 agroclimatic crop indices de-
veloped from historical data and

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-
1971.

The R-index and Soil Moisture
Index (SMI), are Lased 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,
vegeiative, 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-
ability, or other unusual behavior
which would be of importance to
potential food supplies, agricul-
tural planning, or land-use con-
siderations. Another goal is ex-
amination of possible relation-
ships hetween large-secale circu-
lation patterns and seasonal
rainfall to gain a better under-
standing of regional drought.
Climatic analysis for the
Caribbean Basin as discussed in
CEAS (1979a) was undertaken
as a necessary step to investigate
possible enviconmental reasons
for the frequent occurrence of
disastrous food shortages in
Haiti, but not in adiacent coun-
tries. For example, some of the
gxplanations for the drought-

10
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YEAR

related food shortages in Haiti
during the period 1975-1977 in-
cluded: (1) recent large-scale
climatie change in the Caribbean
Basin, (2) microclimatic change
leading to reduced rainfall in
Haiti as the result of massive
deforestation, or (3) "pseudo-
drought” conditions associated
with soil erosion.

Seasonal rainfall data (1920-
1978) from approximately 75
stations in the Greater Antilles
were analyzed for climatic
change. Analysis suggested that:
(1) extreme drought conditions
tend to occur simultaneously in
one or more countries. In 9 of 12
years when Haiti experienced
severe drought, drought condi-
tions of at least the same magni-
tude also were observed in at

Figure 4. Impact of soil erosion
on  corn  yield, Port-de- Pair,
Hualilti.

least two adjacent countries

(Dominican Republic, Jamaica
and Puerto Rico); (2) although
the 1970's were relatively dry
vears, climatic conditions were
not statistically different from
previously observed conditions;
(3) although seasonal rainfall
data for the period 1920-1978 re-
vealed essentially random behav-
ior, there have been short-term
trends towards increasing or
decreasing rainfall during' the
period. These short-term trends
are associated with 25-30 year
fluctuations in the data and are



of importance to agricultural
production,

Diugnostic analysis of upper
air data for the Caribbean Basin
and of seasonal rainfall for the
period 1958-1978 suggested that:
(1} anomalously cool (warm)
conditions within the lowest 1.5
km layer of the atmosphere are
associated with drought (wet)
conditions in the Greater An-
tilles: (2) inereased (decreased)
atmospheric stability within this
same low-level layver is associated
with dry (wet) conditions; and
(3) regional drought in the
Greater Antilles region can be
linked  direetly  to  anomalous
large-scale cireulation patterns.

Microelimatic change in Haiti
also was eonsidered as a possible
reason for frequent abnormal
food shortages. However, a more
plausible explanation was 1irst
made by Ewel (1977). He sug-
gested that soil erosion has re-
duced the water holding capacity
of the soil, thus, redueing poten-
tial soil moisture reserves and
increasing the vulnerahility of
crops to short-term dry-spells.

Ewel termed this condition
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