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INTRODUCTION 

The Agency for International Development's Office of U.S. Foreign Disaster

Assistance (AID/OFDA), has the mission of responding to international disasters
 
and implementing U.S. actions to meet the needs for emergency assistance

requested by the disaster stricken countries around the globe. 
 These requests

often can be related to climate anomalies. For example, many developing
countries are located within the semi-arid climatic belts where rainfall is
 
highly variable and food production is directly dependent on availability ofadequate rainfall. During a period of favorable climate in the early 1960's, a 
rapid growth in population was experienced in these semi-arid regions. During
the same period, less than optimum management practices often were used in these 
regional agricultural programs resulting in reduced potential future food
 
production, even with ideal climate. Poor land 
 management practices and 
resulting soil erosion have been demonstrated to further increase the variability of indigenous supplies, given climaticfood the same patterns. This 
condition is referred to as "pseudo drought," such as occurred in Haitihas and
analyzed by Steyaert, et al. (1979a) .Thus, -when severe drought occurred in the 
late 1960's and early 1970's the resulting food shortages were socially
 
disruptive and economically disastrous.
 

To be most effective in accomplishing its mission, AID/OFDA needs an early
warning information or 
alert system to provide the necessary information to
determine potential needs before a "creeping disaster" such as drought reaches 
the critical stage. The purpose of the AID/OFDA program support of National
Oceanic and Atmospheric Adrministration's Center for Environmental Assessment 
Services, Climatic Impact Assessment Division (CEAS/CIAD), has been to develop
such an operational system to provide early warning information on potential
 
food shortages due to drought. 
 This system will allow AID/OFDA to achieve a
 
more cost effective response capability in meeting the following goals:
 

1) Monitor and 
assess to the fullest extent pos3ible, all potential and
 
actual disaster situations due to drought.
 

2) 
Increase the U.S. technical capacity to define disaster-prone
 
conditions and to recommend disaster-avoidance measures.
 

3) Apply and transfer both technology and information to developing
countries, international organizations and others to insure maximum 
possible lead-time and warning of these potential disasters.
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the same period, less than optimum management practices often were used in these
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production, even with ideal climate. Poor land management practices and
resulting soil erosion have been demonstrated to fur~her increase the vari
ability of indigenous food supplies, given the same climatic patterns. This
condition is referred to as ~pseudo drought,~ such as has occurred in Haiti and
anal yzed by Steyaert, et a1. (1979a) •Thus. when severe drought occurred in the
late 1960's and early 1970's the resulting food shortages were socially
disruptive and economically dis~strous.

To be most effective in accomplishing its ~ission, AIDIOFDA needs an early
warning information or alert system to provide the necessary information to
determine potential need s before a "creeping disaster~ such as drought reaches
the critical stage. The purpose of the AID/OFDA program support of National
Oceanic and Atmospheric Ad~inistration's Center for Environmental Assessment
Services, Climatic Impact Assessnent Division (CEAS/CIAD), has been to develop
such an operational system to prOVide early warning information on potential
food shortages due to drought. This system will allow AID/OFDA to achieve a
more cost effective response capability in meeting the following goals:

1) Monitor and assess to the fullest extent posaib1e, all potential and
actual disaster situations due to drought.

2) Increase the U.S. technical capacity to define disaster-prone
conditions and to recommend disaster-avoidance measures.

3) Apply and transfer both technology and information to developing
countries, international organizations and others to insure maximum
possible lead-time and warning of these potential disasters.
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AID recognizes that the primary responsibility for worldwide assessment and
 
warning of drought-induced crop shortfalls is vested in United Nations

cooperating agencies such as 
the 	World Meteorological Organization (WMO), and 
the Food and Agriculture Organization (FAO), as well as the U.S. Department ofAgriculture's World Food and Agricultural Outlook and Situation Board. 
Further, the governments which receive the data hold total responsibility for
interpreting assessments, decision-making, and issuing warnings to their

population. AID/OFDA therefore focuses its agro-climatic early warning

activities on:
 

1) 	 Encouraging U.N. agencies to incorporate into their assessment and 
warning system the applicable techniques and results developed by

Environemntal Data and Information Service/Center for Environmental 
Assessment Service (NOAA/EDIS/CEAS).
 

2) 	 Transferring agrometeorological technqiues to host governnment agencies 
which require technical assistarce.
 

3) 	Advising users on appropriate data interpretation, analysis, and 
dissemination. 

This paper will discuss the current status of project activities supportedby AID/OFDA and conducted by NOAA's CEAS to develop an Early Warning Assessment program. The project includes "Study of the Caribbean Basin Drought Food
 
Production 
 Problem" (CEAS 1979a)," "Weather Crop/Yield Relationships inDrought-Prone Countries of Sub-Saharan Africa", (CEAS 1979b), and "Climatic
 
Analysis and Development of Weather/Crop Yield 
 Forecast Models for Southeast
Asia and the Indian Subcontinent." 
 1/ Program objectives concentrate on the
 
development and institutionalization of climatic/crop yield models designed to
monitor and forecast relative crop yields for subsistence agriculture. Thesemodels are generaly based on comprehensive meteorological and agricultural data
bases, detailed crop calendars, information on crop regions and cropping
practices which are often determined in cooperation with host governmentscientists and establilshed agrometeorological principles. This agroclimatic 
program is currently developing an operational system for the rapid

dissemination early warning 
information on drought impact to host governments,

international organizations and other 
users. The provision for technical

assistance in the interpretation, application and integration of assessment
 
data into drought/famine disaster decision processes, planning and preparedness

is an integral part of this effort. 

CEAS EARLY WARNING ASSESSMENT PROGRAM
 

Qualitative, operational assessments are currently issued on a weekly basis
for 26 climatic regions in the Caribbean basin and 110 in Africa. These
 
assessments will 
soon be expanded to include 107 agroclimatic regions in
 

1/ '(Related papers include Motha and Strommen, 1979; Motha and Sakamoto, 1979; 
Steyaert et al. (1979 b.). 
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Southeast Asia and the Indian Subcontinent. Crop yield models including agro
climatic indices for the Caribbean Basin and Sub-Saharan Africa are currently

undergoing a period of test and evaluation. These models are used to make 
monthly crop assessments which are included as part of the weekly assessment 
reports; supplemental assessments are issued if warranted by adverse crop
conditions. 

WEEKLY WEATHER ASSESSMENT REPORTS 

Information Sources, Techniques and Summarization, Assessment Information,

and Reports and Publications represent the four basic components of these
 
weekly assessment reports as follows:
 

1. Tnformation Sources 

Information sources for the Early Warning Assessment Program include 
surface weather observations, climatological normals, historical data, surface
 
and upper air analyses, satellite imagery, and such ancillary information as
 
abstracts from the N.Y. Times Information Data Base, USDA foreign attache
 
reports, and reports from the Foreign Broadcast Information Service. 

a. The National Weather Service's National Meteorological Center (NMC),
 
uses telecommunications processors to secure near real-time international
 
weather data from the WMO's high-speed Global Teleconmunications System

synoptic weather observation reports on winds, temperatures, precipitation, 
visibility, weather phenomenon, atmospheric pressure and clouds are received at
 
either 3 to 6 hour intervals from over 8,000 weather stations worldwide. 

Meteorological "normals" for about 4,000 stations worldwide and for
 
stations aggregated into agroclimatic regions are stored on the NOAA computer.
 

Similarly, historical serie. of meteorological data are used to determine
 
the probability of occurrence of various climatic hazards.
 

b. Unfortunately, distribution of the ground reporting weather stations 
World-wide is not uniform. Sparse to nonexistent coverage prevails over most
 
of the areas of primary interest to AID; i.e., the Caribbean Basin, Africa, the
 
Middle East, and southern Asia. Therefore, other information sources are 
required to supplement the limited number of ground station reports in these
 
regions and to provide quantitative estimates of those weather events of
 
particular interest to AID. Drought is frequently the cause of prolonged,

widespread destruction and misery in developing countries. However, precise 
area estimates of total rainfall are probably tne most difficult of all 
meteorological evaluations due to the non-conservative nature, skewed frequency 
distribution and high variablity of this parameter. Therefore, major CEASa 
function in support of AID is to estimate rainfall amounts within each
 
agroclimatic region in order to identify and delineate areas of potential or
 
ongoing drought. 

Frontal systems, troughs, convergence zones and other dynamic weather 
disturbances are portrayed on the surface and upper air analyses that are
 
charted four times daily by the NWS. These charts are used to identify regions 
in which atmospheric dynamics suggest the occurrence of precipitation. Outlines
 
of rather broadscale precipitation types and intensities are produced. 

3.

Southeast Asia and the Indian Subcontinent. Crop yield models including agro
clim3tic indices for the Caribbean Basin and Sub-Saharan Africa are currently
undergoing a period of test and evaluation. These models are used to make
monthly crop assessments which are included as part of the weekly assessment
reports; supplemental assessments are issued if warranted by adverse crop
cond i tions •

WEEKLY WEATHER ASSESSMENT RERJRTS

Information Source9, Techniques and Summarization, Assessment Infornation,
and Reports and Publications represent the four basic components of these
weekly assessment reports as follows:

1. Information Sources

Information sources for the Early Warning Assessment Program include
surface weather observations, climatological normals, historical data, surface
and upper air analyses, satellite imagery, and such ancillary information as
abstracts from the N.Y. Times Information Data Base, USDA foreign attache
reports, and reports from the Foreign Broadcast Information Service.

a. The National Weather Service's National Meteorological Center (NHC> ,
uses telecommunications processors to secure near r~al-time international
weather data from the WHO's high-speed Global Telecommunications System
synoptic weather observation reports on winds, temperatures, precipitation,
visibility, weather phenomenon, atmospheric pressure and clouds are received at
either 3 to 6 hour intervals from over 8,000 weather stations worldwide.

Meteorolog ical "normal s" for about 4, 000 stations worldwide and for
stations aggregated into agroclimatic regions are stored on the NOAA computet'.

Similarly, historical serie~ of meteorological data are used to determine
the probability of occurrence of various climatic hazards.

b. Unfortunately, distribution of the ground reporting weather stations
World-wide is not uniform. Sparse to nonexistent coverage prevails over most
of the areas of primary interest to AID; i.e., the Caribbean Basin, Africa, the
Middle East, and southern Asia. Therefore, other information sources are
required to supplement the limited number of ground station reports in these
reg ion~ and to prov ide quanti tative estimates of those weather events of
particular interest to AID. Drought is frequently the cause of prolonged,
widespread destruction and misery in developing countries. However, precise
area estimates of total rainfall are probably tile most difficult of all
meteoroloRical eval uations due to the non-conservative nature, skewed frequency
distribution and high variablity of this parameter. Therefore, a major CEAS
function in support of AID is to estimate rainfall amounts within each
agroclimatic region in order to identify and delineate areas of ~otential or
ongoing drought •

. Frontal systems, troughs, convergence zones and other dynamic weather
disturbances are portrayed on the surface and upper air analyses that are
charted four times dail y by the NWS. These charts are used to identify reg ions
in which atmospheric dynamics suggest the occurrence of precipit~tion. Outlines
of ratl':er broad scale precipitation types and intensities are produced.



4.
 

Satellite imagery from the NOAA 6, TIROS, GOES, and DMSP weather
 
satellites is used to quantify estimates of total rainfall. A rainfall 
estimation procedure discussed by Follansbee (1973) has been adapted for use in
 
the AID/OFDA program. A limited test of this procedure using weekly and four 
week total rainfall reports from an average of over 50 stations in Puerto Rico
 
was conducted from January 7 to December 8, 1978. The results suggest that: 

1) Rainfall estimation techniques exclusively based on satellite 
imagery interp'etation are marginally reliable in the tropics. 
Use of this technique does not eliminate the need for a sound 
network of ground station reports. However, it does provide a 
useful tool in the absence of other information. When used in 
conjunction with other information sources, it offers a far 
better precipitation estimation tool than would otherwise be the 
case. 

2) The reliability of rainfall estimates based entirely on 
satellite imagery increases as the time span increases. Daily
and weekly rainfall estimates are effective in qualitatively 
identifying wet or dry areas, while monthly and seasonal 
rainfall amount estimates are far more quantitatively reliable. 

3) Present satellite-based techniques tend to underestimate 
rainfall amounts during periods of heavy rainfall; thereby 
making this technique more effective in locating droughts than 
floods. 

4) 	 Satellite imagery is highly effective in determining persistent 
cloud free areas, i.e. no rain. 

c. Other ancillary information derived from atlases, local publications, 
area handbooks and World Bank reports are used to identify major in-country
societal activities. Such sources provide insight into the likely sensitivity
of an individual society to meteorological events. Interelated activities 
such as transportation, hydroelectric power generation, energy consumption, 
subsistence agriculture, and economic and social stability may suffer different
impacts due to differing combinations of meteorological parameters. However, 
the factors having the most severe impact are usually drought, extreme rainfall, 
anomalies and severe tropical storms. 

2. Techniques and Summarizations
 

The Information Sources collectively support the following CEAS tools which 
provide the processed assessment information contained in the CEAS Early
Warning Assessments.
 

a. Meteorological data printouts and map-plots based on CEAS computer
 
programs summarize the precipitation and temperature information contained in 
surface observation reports stored in the NMC data base. A 7-day summary for 
the period 0000 CAT Monday through 2359 the following Sunday, describes the 
major weather events at 3-hour intervals throughout the 7-day period, the 
24-hour and 7-day precipitation totals, daily maximum and minimum temperatures, 
and weekly maximum, mean, and minimum temperatures. (Internal program checks 
provide some quality control.) This summarized information is prepared for 
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each of the 8,000-plus stations in the NMC data base and for selected groups of 
stations that form agroclimate regions. A similar summary provides total 
monthly precipitation, percentage of normal rainfall, plus maximum, mean and 
minimum temperatures and their percentage departures from normal for the month. 
Much of this 7-day and monthly precipitation and temperature information is
 
machine-plotted on charts that cover the globe north of 40°S. 

b. The Episodal Event Printout which is based on a CEAS computer program

searches the world weather observational data contained in the NMC data base
 
and provides a daily printout of anomalous weather events. High winds, very
 
heavy precipitation and temperature extremes are examples of this category
 
which are known to have specific impacts in developing countries.
 

c. Two examples of major special technique programs developed by CEAS to 
detect drought and flood areas are concerned with cunulative precipitation and
 
percent of observations reporting precipitation. The cumulative precipitation
 
program compares reports of weekly precipitation with respective normals and 
identifies "drought" as the occurrence of less than 60 percent of normal 
precipitation for a minimum of eight consecutive weeks. Stations or 
agroclimatic regions that fall below the 60 percent threshold for at least 8 
weeks are continued in this "drought" category until sufficient rainfall occurs
 
to raise the cumulative precipitation for the most recent 8-week period to at
 
least 60 percent. A second component of this program is based on climato
logical normals and indicates the number of weeks of normal precipitation that 
would be required to alleviate the drought, i.e., to raise the 8-week
 
precipitation totals to at least 60 percent of normal. The percent of
 
observations reporting precipitation program provides the weekly percentage of
 
all weather observations within each agroclimatic region that report a weather
 
event (snow, rain, hail, showers, etc.) which indicate that precipitation is
 
occurring. This percentage is used in two ways: first, it is empirically
 
related to historical quantitative precipitation amounts to provide an
 
estimated precipitation, and second, it is compared with historical percentages
 
to determine if reports of rainfall have been less than, near, or more than the
 
usual percentages of normal.
 

3. Assessment Information
 

The Techniques and Summarizations function, which utilize daily and weekly 
data from the information sources, provide the basis for preparation of early
 
warning assessments. These assessments have four components as fo]lows: 

a. Integrated rainfall amounts are the 24 hour estimates whicn are derived 
for all regions of interest to AID. These estimates are supported by the 
meteorological information sources (surface weather observations, surface and 
upper air analysis and satellite imagery) as discussed in the Summaries and 
Techniques section. The reliance placed on the individual summary or technique
 
varies with data availability and with the region of concern. These
 
precipitation estimates are also used as input for the crop models discussed in
 
the following sections. 

b. Yield estimates made by climate/crop yield models provide definitive
 
information on drought impact to agriculture. 
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c, The unusual weather-related events that can have a striking socio
economic impact (such as drought, flood and other violent weather) are derived 
directly from the integrated rainfall amount estimate, episodal events, 
programs, cumulative precipitation, and the percent of observations with
 
precipitation programs.
 

d. The probability of occurrence of key meteorological events utilizes
 
statistical analysis of historical series of meteorological data to provide
 
required probabilities. Past and present weather information is required to
 
determine the current level of anomalous climatic events pertinent to AID, 
after which probabilities are derived for the alleviation, continuation or
 
intensification of these events.
 

4. Reports and Publications
 

The culmination of thie comprehensive effort is the preparation of the 
weekly CEAS Weekly Weather Assessment Reports. Currently, regional
 
assessements are published for the Caribbean Basin and African continent
 
including the adjacent islands. Reports of the 107 agroclimatic regions in
 
southern Asia (from Pakistan and India to Indonesia) will be published in the 
near future. These early warning assessments represent the major input to AID.
 
Other related publications include: 1) "Environmental/Resource Assessment and 
Information Report," dealing with some of the major agricultural areas of the 
world; 2) "Major World Abnormal Weather" (a brief report designed primarily for 
congressional use), and 3) "Impact Assessment of Major Climatic and Other 
Natural Events," (primarily for those concerned with large scale economic 
issues). 

CROP MODEL DEVELOPMENT 

Climate crop yield models are based on physical relationships between 
environmental data and crop response include plant-water requirements for each 
major growth stage. The crop modeling system is designed to accommodate 
constraints which may include the limited availability of 1) both historical 
and real-time meteorological data, 2) reliable crop yield data, and 3) crop 
calendar information. Additionally, the system is broad enough to consider the 
type of crops which are produced, and yet sufficiently low-cost for practical 
operation.
 

In addition to these constraints, there are important considerations 
associated with subsistence agriculture, particularly in semi-arid zones. For 
example, subsistence agriculture is based on "built-in" safeguards which tend 
to ensure at least minimal returns except in the very worst of drought years. 
Agricultural practices such as multiple plantings over a 30-60 day period, the 
variety of crops grown, intercropping, and other distinctive cultural practices
 
(e.g., decisions on crop planting dates) must be considered in the development
 
of the models. In spite of these constraints and considerations, some
 
important assumptions can be made to develop crop yield models including 
agroclimatic indices. Some of these include:
 

1) Year-to-year variability in yield is largely due to variations in 
rainfall for a given region. In many cases soil fertility and crop variety act
 
together as overall limiting factors. 
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detennine the current level of anomalous climatic events pertinent to AID,
after Which probabilities are derived for the alleviation, continuation or
inter.sification of these events.

4. Reports and Publications

TIle culmination of thi~ comprehensive effort is the pr~paration of the
weekly CEAS Weekly Weather Assessnent Reports. Currently, regional
assessements are published for th~ Caribbean Basin and African continent
including the adjacent islands. Reports of the 107 agroclimatic regions in
southern Asia (from Pakist.an and India to Indonesia) will be published in the
near future. These early warning assessments represent the major input to AID.
Other related publications include: 1) "Env ironmental/Resource Assessment and
Infonnation Report," dealing with some of the major agric ul tural areas of the
world; 2) "Major World Abnormal Weather" (a brief report designed primarily for
congressional use), and 3) "Impact Assessnent of Major Climatic and Other
Natural Events," (primarily fOl' those concerned with large scale economic
issues).

CROP MOOEL DEVELOPMENT

Climate crop yield models are based on physical relationships between
environmental data and crop response include plant-water requirements for each
major growth stage. The crop modeling system is designed to accommodate
constraints which may include the limited availability of 1) both historical
and real-time meteorological data, 2) reliable crop yield data, and 3) crop
calendar information. Additionally, the system is broad enough to consider the
type of crops which are produced, and yet sufficiently low-cost for practical
operation.

In addition to these constraints, there are important considerations
associated with subsistence agriculture, partiCUlarly in semi-arid zones. For
example, subsistence agriculture is based on "buil t-in" safeguards which tend
to ensure at least minimal returns except in the very worst of drought years.
Agricultural practices such as multiple plantlngs over a 30-60 day period, the
variety of crops grown, intercro'pping, and other distinctive cultural practices
(e.g., decisions on crop planting dates) must be considered in the development
of the models. In spite of these constraints and consideratio~, some
important assumptions can be made to develop crop yield models including
agr9cl1matic indices. Same of these include:

1) Year-to-year variability in yield is largely due to variations 1n
rainfall for a given region. In many cases soil fertility and crop variety act
together as overall limiting factors.
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2) Analysis of cumulative precipitation has been demonstrated on an 
operational basis to be a practical indicator of climatic impact on crops.
 

3) In the case of subsistence level farming, the level of technology is 

very low and relatively constant from year-to-year.
 

4) Information on crop calendars and agricultural practices is generally 
available or can be inferred from agroclimatic analysis.
 

5) Scientific studies are available to provide significant information on 

plant-water requirements by growth stage, climatic/crop relationships, and 
discussion of various types of crop modeling approaches. 

6) Verification and validation of crop indices developed for data-limited 
regions can be partially accomplished by analysis of episodal data bases which 
include the various reasons for abnormal food shortages and/or famine. 

Information on these factors permits the development of the appropriate 
hypothesis on which to base the ,odel, i.e., the time and space scale
 
considerations for aggregating the data, selection of potential predictors, and
 

the type of analysis. 

1. General
 

Three appro3ches were used to develop crop models depending on the
 

availability and reliability of yield data. These approaches included the
 
traditional regression type climate/crop yield model based on monthly data for
 
regions with at least marginally reliable crop yield data, analogue crop yield 
models, and agroclimatic indices. In the second approach, traditional climate/
 

crop yield models were used as analogues to regions to provide relative yield
 
estimates. Analogue regions were defined as having climatic conditions and
 

cropping practices very similar to the country which had available climatic
 

data but limited crop data. 

Both analogue yield models and agroclimatic indices were used to generate 

historical, relative yield indices from cilmatic data (i.e., 1920-1978 for the 
Caribbean Basin and 1950-1977 for Sub-Saharan Africa). Yield assessments are 

based on a comparison of the real-time estimates to historical indices which in 
some cases have been scaled according to the severity of known occurrences of 
abnormal food shortages and famine. In this respect historical climatic data, 
which are expressed as a crop index, are linked with socio-economic data to 
determine the degree of food shortage, as well as antecedent conditions (both
 
weather and non-weather factors) which tend to be associated with the food
 

shortage.
 

Long-term records of monthly precipitation, monthly temperature, and day
length represent the basic input data (Figure 1). Crop data include crop 
coefficents, the critical growth stage as well as crop calendar information, 
i.e., the normal time of planting, flowering, and harvest dates. Soil data 
include specific information on soil type and general characteristics such as 

the water holding capacity of the soil for the mean depth of the crop rooting 
zone(plant available water could only be estimated). 
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As indicated by the arrows in Figure 1, various budgets and indicators are
 
computed. For example, one type of soil moisture budget which was used is
 
based on a modification of Palmer's (1965) method. Various agroclimatic
 
indices which relate to the soil moisture and the heat stress on the crop are
 
included in the analysis. Episodal data such as cases of abnormal food
 
shortages are being used for crop index verification as discussed above.
 

Several crop response indicators were used as candidate predictors in
 
modeling and analysis because of the range of climatic conditions in countries
 
of interest. Sane of these indices include:
 

1) R-Index (Yao, 1969) 

The upper limit of evapotranspiration can be considered as the potential
 
evapotranspiration (PET). The actual evapotranspiration (AET) is the actual
 
water loss from the plant-soil system and is limited by the available water 
supply. The R-index is a measure of plant water supply in relation to plant
 
water requirements. The R-index is defined as: 

R = AET/PET where 0 < R < 1. 

This index can be used as a tool for analyzing the effect of water stress
 
on crop response as well as estimating optimum crop planting dates to ensure
 
adequate moisture during critical growth stages.
 

2) Soil Moisture Index (Ravelo and Decker, 1979) 

The index is based on the assumption that the seasonal distribution of soil 
moisture characterizes the effects of climate and weather variability on plant
 
growth better than any single climatic parameter. The ratio between plant 
available water (PAW) and the maximum plant available water (PAW ) is defined
 
as the soil moisture index (SMI). This ratio normalizes the solamoisture (SW) 
according to variations in the type of plant and soil.
 

For SW < Field Capacity, the SMI is defined as: 

SMI = PAW/(PAWa) where 0 < SMI < 1. 
max
 

3) Crop Moisture Ratio (CEAS, 1979b) 

Precipitation (P) is the major moisture input in the soil water balance
 
equation for some climatic regimes, particularly for crops grown in rain-fed 
regions which experience alternate dry and wet seasons. In sane cases it can
 
be demonstrated that the actual evapotranspiration is equivalent to preci
pitation. The R-index is modified under these conditions and the crop moisture
 
ratio (CMR) is defined as: 

CMR = P/PET. 

.4) Yield Moisture Index (CEAS, 1979a)
 

Water availability is recognized as the major determinant of yield in many
 
tropical regions. If rainfall at the ith growth stage (P ) is below average, 
crop yield will be reduced, especially for critical stages and extreme condi
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CMR = P/PET.

4) Yield Moisture Index (CEAS, 1979a)

Water availability is recognized as the major determinant of yield in many
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AGROCLIMATIC ANALYSIS
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Figure 1, Various irputs and outputs for agroclimatic analysis

.used in NACEAS Ear]Y W analysis (NOAA/CEAs, 1979a).
 

9.

AGROCLIMATIC ANALYSIS

Soil
Data

DaYlength

..
•••••••

Soil
................... Moisture

Budget

••••••••

Potential
Evapotranspirat ion

T~mperature

Agroclimatological
Indices.......

Crop
Data

••••••••••••••••••••••......------: . .• •• • •• •• • •: :: . :• •• • •: :: : :
§ ;r....~..••.•.•••••••••.•••••..•....•.....•.•~~.•••....••• I •••••••••••••••••••••••••~
• •• •• •• •• •• •• •• •• •• •• •• •• •
• 'i'

Precipitation

-.••••••••••••••••••••••••••••••••••••••••••••••••
Crop

Calendar
Indicator

•••••••••••••••••..
Crop
Response ..

Indicator

Episodal
Data

Figure 1. Various inputs and outputs for agroc1imatic analysis
used in r:JJAA!CEAS Early Waming analysis (NOAA!CEAS, 1979a) •

.. ..



10.
 

tions. Doorenbos and Pruitt (1977) provided crop coefficients (KC) for various 
growth stages of several crops. The crop coefficient was experimentally 
determined and defined as the ratio to the crop specific potential evaportrans
piration to reference potential evapotranspiration. In part, these coeffi
cients provide information on the plant water requirements by growth stage,
 
such as the critical growth stage which is usually the flowering stage. For
 
example, the crop coefficient for corn at planting is 0.35 which compares to a 
coefficient of 1.05 for corn at silking. Therefore, moisture is approximately

three times more important at silking than at planting. If water requirements 
are not met during silking, the crop will suffer stress which will reduces 
yield.
 

The yield moisture index (YMI ) for crop j is defined as: 

N
 
YMI -- P
PiKCij 

i=I1 

where Pi < Field Capacity, and KCij is the appropriate crop coefficient for the 
ith crop growth stage, i = 1, . . . , N and the ith crop. 

Because precipitation is weighted according to plant water requirements for 
each growth stage, the XMI represents an improvement on ctxdulative preci
pitation. Rainfall data ae censored to the field capacity as an approximation 
to account for the runoff associated with extremely wet months. 

2. Traditional Climate/Crop Yield Models
 

This modeling approach was restricted to countries where crop yield data
 
were considered to be reliable. An example of this modeling approach discussed
 
by CEAS (1979b) is provided by Figure 2 which shows the model fit and indepen
dent test results for the Sengal rice yield model. The model is defined as: 

A 

Y = 12.73 + .07 (CMR) 

A 

where Y is the estimated yield in quintals per hectare and CMR is the crop 
moisture ratio for the growth stage from August through September. 

3. Analogue Yield Models
 

Corn yield models developed by Leeper et al (1974) and two models developed 
by CEAS from Puerto Rican corn plot data were tested and paraneterized for use 
as analogue models in the Caribbean Basin. Figure 3 represents an example of 
the type of testing of these models against corn plot data for Lajas, Puerto 
Rico, as well as the model fit for the Lajas corn yield regression model. These 
linear regression models require weekly precipitation, mean weekly maximum 
temperature, estimated corn rooting depth, and/or available soil moisture in the 
active rooting zone at the time of planting. All require an estimate of
 
planting date. Based on sensitivity analysis and independent testing, two 
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models were selected for use in Haiti, the Dominican Republic, and Jamaica to
 
provide historical corn yield indices for the period 1920-1978. The historical 
indices are used to discuss the likelihood of corn crop failure and to 
qualitatively interpret real-time corn yield predictions.
 

Additionally, an analogue corn yield model was used in scenario analysis to
 
demonstrate the negative effects of soil erosion in northwest Haiti (CEAS, 
1979a). It was shown that soil erosion and the associated reduced water holding

capacity has lead to "pseudo-drought" conditions, reduced potential crop yield
 
by as much as 30 percent, increased crop yield variability by a factor of four,
 
and increased the potential for abnormal food shortages. 

4. Crop Model Indices
 

The previously defined Crop Repsonse Indicators were used to develop
 
historical yield indices from climatic data for those countries with
 
questionable crop yield data. In addition, Yao's R-index was also used to
 
compute optimum planting dates for various crops in Haiti in order either to
 
verify or establish regional crop calendars.
 

Figure 4 shows the soil moisture and yield moisture indices expressed as
 
percentiles for corn planted in the autumn at Cap-Haitien, Haiti, during the 
period 1922-1977. Only relative information on potential yield due to drought 
can be determined from these indices, not estimates of absolute yield. In 
general, the indices are in very close agreement for each year; however, for
 
other locations this is not necessarily the case. For example, similarly
 
derived indices for corn planted at Port-au-Prince, Haiti, exhibited distinct
 
differences for about 10 percent of the cases. Analysis suggested that soil 
moisture reserves in these years may have been adequate to overcome deficient
 
precipitation at silking. 

Figure 5 is an example of the use of the crop moisture ratio (CMR) for 
millet grown in Niger. The percentile ranking of CMR for the reproductive

growth stage showed that considerably less moisture was available for crop 
developuent during the period from 1968 to 1973. The derived yield indices 
suggest that crop yields were below normal during these drought years. These 
results compared well with the traditional linear regression model developed for
 
Niger millet. 

Tables 1 and 2 summarize the crop models including indices which have been 
developed for the Caribbean Basin and Sub-Saharan Africa, respectively. 

APPLICATION OF EARLY WARNING INFORMATION 

The Early Warning Impact Assessnent Reports of potential drought within the 
Caribbean Basin and African Sahel region have been provided by NOAA/EDIS to 
CFDA for distribution to State Department and AID regional bureaus, overseas 
missions, Food for Peace, the Sahel Development Program, FAO and other selected 
users on an intermittent experimental basis since 1977. This process of 
developing, testing and refining agroclimatic monitoring information into an 
operational system is part of CFDA's overall strategy to monitor all potential
 
and actual disaster situations, including "creeping disasters" throughout the
 
developing world. 
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Figure 5. Historical yield indices, expressed in terms of percentile
ranking of the crop misture ratio (C4R), for both the 
vegetative stage (top) and the reproductive stage (bottom)of millet in Niger, The numbers on the right-hand side 
represent the following: 1 well-above normal; 2 above normal;
3 
near normal; 4 below normI; and 5 well-below normal. 
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TABLE 1 

CROP MODELS FOR THE CARIBBEAN BASIN 

Country 
Number 
Regions 

Data 
Base Crop(s) 

a. Regression 
Cuba 6 1950-74 Sugarcane 

b. Analogue 
Haiti 

Dominican Republic 
1 
2 

1920-60 
1920-78 

Rice 
Corn 

Haiti 6 1920-78 Corn 
Jamaica 2 1920-78 Corn 
Haiti 3 1920-78 -Sugarcane 

a. Index 
Cuba 3 1950-74 Corn, Rice, 

Millet, Beans, 
Sweet Potatoes 

Daninican Republic 2 1920-78 " 
Haiti 6 1920-78 " 
Jamaica 2 1920-78 " 

TABLE 1
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16.

Number Data
Cotmtry Regions Base Crop( s)

a. Regression
Cuba 6 1950-74 Sugarcane
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c. Index
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Sweet Potatoes
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Table 2. The African weather-crop yield models based on the equation: 
 Yield in quintals/hectare

Ao + AI(CMRdfn for specific crop stages)
.
 

CMRdfn-Variable 
Country Crop Crop Stage Months A° A1 

Senegal Millet 
Cowpeas 
Groundnuts 
Corn 
Rice 

Vegetative 
Vegetative 
Flowering 
Veget + Flower 
Late 

Jul-Aug 
Jul-Aug 
Aug-Sept 
Jul-Sept 
Aug-Oct 

5.41 
3.41 
8.14 
7.82 
12.73 

0.02 
0.02 
0.04 
0.03 
0.07 

The Gambia* Millet 
Rice 

Vegetative 
Late 

Jul-Aug 
Aug-Oct 

5.41 
12.73 

0.02 
0.07 

Niger Millet 
Sorghum 

Flowering 
Flowering 

Aug-Sept 
Aug-Sept 

4.84 
5.31 

0.02 
0.04 

Mali* Millet 
Millet 

Vegetative 
Flowering 

Jul-Aug 
Aug-Sept 

5.41 
4.84 

0.02 
0.02 

Maurltania* Millet Vegetative Jul-Aug 5.41 0.02 
Sudan Millet 

Sorghum 
Sesame 

Flowering 
Vegetative 
Flowering 

Aug-Sept 
Jul-Aug 
Aug-Sept 

5.36 
8.04 
3.82 

0.03 
0.03 
0.03 

Nigeria Sorghum Vegetative Jul-Aug 6.87 0.02 
Chad** Millet Vegetative Jul-Aug 
Upper Volta** Millet Vegetative Jul-Aug ._ 

Millet Flowering Aug-Sept "" 

* Analogue models. 

** Assessments made based on the CMR ranking of the critical stage. 

Table 2. The African weather-crop yield models based on the equation: Yield in quintals/hectare
• A + A (CMR ).o 1 dtn ror speciric crop stages

CMRdfn-Variable
Country Crop Crop Stage Months Ao Al

Senegal Millet Vegetative Jul-Aug 5.41 0.02
Cowpeas . Vegetative Jul-Aug 3.41 0.02
Groundnuts Flowering Aug-Sept 8.14 0.04
Corn Veget + Flower Jul-Sept 7.82 0.03
Rice Late Aug-Oct 12.73 0.07

The Gambia~ Millet Vegetative Jul-Aug 5.41 0.02
Rice Late Aug-Oct 12.73 0.07

Niger Millet Flowering Aug-Sept 4.84 0.02
Sorghum Fl~wering Aug-Sept 5.31 0.04

Mali * Millet Vegetative Jul-Aug 5.41 0.02
Millet Flowering Aug-Sept 4.84 0.02

Maur1tania* Millet Vegetative Jul-Aug 5.41 0.02

Sudan Millet Flowering Aug-Sept 5.36 0.03
Sorghum Vegetative Jul-Aug 8.04 0.03
Sesame Flowering Aug-Sept 3.82 0.03

Nigeria Sorghum Vegetative Jul-Aug 6.87 0.02

Chad** Millet Vegetative Jul-Aug

Upper Volta 'It* Millet Vegetative Jul-Aug
Millet Flowering Aug-Sept ..........,.

* Analogue models.
** Assessments made based on the CMR ranking of the critical stage.



18.
 

1. 	Program Objectives
 

Principle program objectives which have been 
met or are currently in the
 
process of being met as the global agro-climatic monitoring system is tested and
becomes operational are as follows: 

a) 	 Compilation of comprehensive historical meteorological and agricultural 
country-specific computerized data bases, establishnent of regionalcrop calendars, and deliniation of the geographic distribution of crop 
types in cooperation with host governent scientists. 

b) 	Development and institutionalizaton of the use of statistical models to

monitor and forecast relative crop yields for subsistence agriculture
in the LDC's. 

c) 	 Development of assessment indicies and systems for the 	dissemination of 
drought early warning and crop yield forecast information to host
government users and international organizations. 

d) 
Provision of technical assistance to host goverrinents and others in the

interpretation, application and integration of assessment data into 
drought/famine decision processes, and planning and preparedness 
programs.
 

The 	 first two objectives been for the Caribbean andhave met 	 Basin 
Sub-Saharan Africa, while the first objective is near completion for Southern
Asia. The third objective is near completion for the Caribbean Basin

Sub-Saharan Africa, and the fourth objective is being 

and
 
met for selected 

countries in the Caribbean Basin. 

Research projects are completed on the Caribbean Basin and Sub-Saharan

Africa. Current efforts in these regions now concentrate on setting up 
 anoperational system through cooperative efforts of AID, NOAA, USDA and FAO.
Assessments for both drought conditions and crop yields will continue through
1980 while the system is tested and evaluated. Applied research has commenced
 
for both Southern Africa and southern Asia. 
 These results will be incorporated

in the global system as they are completed and ready for operational testing. 

2. 	LDC Participation
 

LDC participation in the implementation phase of the program is of primary

importance to AID, USDA and NOAA. 
 Close collaboration between LDC agrometeorologists, meteorologists, agronomists, agricultural scientists, 
statisticians, planners, and U.S. Government counterparts is essential totechnology transfer objectives. Future activities will include increased data
 
exchange and LDC counterpart training in information use, dissemination and
application to drought 	 and productionassessment food problems. LDC 
agricultural extension officials can utilize agrometeorological information toassist farmers in establishing crop protection programs and increase cropto 
yields, and reduce crop loss due to incipient drought conditions or weather

anomalies. These officials can utilize the agrometeorological analysis in
agricultural development planning and drought famine prevention by increasing
the lead time needed to make decisions concerning food aid requirements. 
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Additionally, LDC officials can utilize the agrometeorological assessments to
 
establish grain reserve program strategies, improve food security, exercise 

seed storage options, and implement alternative crop production based on 
agroclimatic analyses. 

3. Disaster De.3laration and Relief Management
 

When a natural or man/made calamity strikes a foreign country, the U.S.
 
Ambassador on the scene may determine that a disaster has occurred; that U.S. 
Government assistance is warranted because it is beyond the capacity of the
 
affected country to respond to the needs of victims; that the affected country 
desires U.S. assistance; and that it is appropriate for the United States to 
respond. The Ambassador can exercise his authority to spend up to $25,000 for 
immediate relief. Beyond that, expenditures must be approved by AID/OFDA in 
Washington. Any relief activities proposed by Washington must, in turn, be 
approved by the U.S. Ambassador. Such coordination ensures that all U.S.
 
Government assistance is necessary and appropriate.
 

Appropriate assistance depends on reliable assessment of "creeping
 
disasters" such as drought, subsistence food shortfalls, and/or drought-induced 

famine. Such assessments may occur for several weeks or months eventually 
leading to a disaster declaration in response to a specific early warning 
drought asLessment alert. The U.S. Ambassador's discretionary authority may be 
used to make a cash donation to the stricken countries' government or to the Red 
Cross, or to voluntary agencies already operating in that country. It may also 
be used as the basis for the decision to buy relief supplies locally, or to
 
finance distribution costs, or hire local labor and equipment. Should food aid
 
be required, P.L. 480 commodities already on hand, can be diverted for emergency 
purposes. Additional emergency food may be authorized by AID's Food for Peace 
Office.
 

"Creeping disasters" such as druught and abnormal food shortages of 
long-term nature are managed by AID. OFDA monitors the early stages of these 
calamities to avert famine and provide assistance that may stretch from one crop 
cycle to the next, or longer. If AID and other donors acts at an early stage of
 
a slowly-developing disaster (given sufficient lead-time), human suffering can 
be greatly reduced and the potential for a much larger future effort may be 
precluded. In effect, AID could save both lives and money by optimizing 
decision-making based on reliable, quantitatively-based weather and subsistance
 
crop yield information. Too often, in the past, drought conditions have been 
recognized and confirmed in the field only after the situation reached the
 
crisis stage. However, with the current OFDA/NOAA/USDA cooperative effort we 
now have a tool to monitor potential problem areas and to provide early warning
 
of possible food shortages, so that a more timely, cost effective and well 
planned assistance program can be established and coordinated. AID Mission
 
personnel are alerted by cable and frequently are able to provide supplemental
 

on-site information. CEAS meteorological and agronomic data bases can also be
 
shared with USAID Missions for long-term development assistance planning and 
program design considerations, especially with respect to managing food 
production problems. 
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4. International Cooperation
 

AID/OFDA, NOAA and USDA are working to integrate the results of this program 
into the FAO global monitoring and early warning system on food and agriculture.
(FAO is designing a system analogous to the AID/NOAA system.) In addition, an
 
Interagency Agroclimatic Monitoring Working Group consisting of AID/OFDA,
NOAA/EDIS, and USDA staff has been established and begun contact with FAO and
 
other international organizations to assist in disseminating research results,
evaluating pre-operational weather/crop assessment reports, and establishing the
institutional mechanism for operational assessment reporting.
 

AID/OFDA has increasingly developed confidence in the weekly weather 
assessment reports based on 
preliminary performance. These reports are

currently utilized in decisions concerning food aid and disaster relief. 
If
 
this system had been in place before such tragic events as the 1973-75 Sahelian
drought, we believe there could have been considerable savings in suffering and 
resources. Use of the system to date has resulted in earlier shipments of food,

improved efficiency in planning and implementing emergency operations, and
 
increasing confidence in the ability to deal with the many food production

shortfall emergencies that arise annually. 
The AID African Bureau in 1978/79

designed and implemented a highly cost-effective drought emergency program for

the Sahel, largely on the basis of the NOAA/EDIS weekly African Weather
 
Assessments. 
 The use of these reports, both in Washington and in the field, has
begun to enhance AID contingency planning decisions. For example, in March
 
1980, AID's African Bureau established a working group to develop and implement
 
a systematic report and analysis capability to ensure timely review of drought,
 
famine and food scarcity problems as they develop on the entire African
continent. Information and data are 
collected from all possible independent
 
sources including the CEAS Early Warning Assessent Reports. Additionally, USAID

field missions often report 
to Washington the following information: crop

failures, livestock deaths, drought, sudden price changes for 
 foodstuffs,unexpected fluctuations in food imports or exports, increases in malnutrition 
cases coming to the attention of local clinics and doctors or observed during

field trips, and opinions of Government officials, and other donor agencies on
 
current crop conditions, livestock conditions (where applicable), abnormal
 
weather conditions, weather "prediction" based on observations, significant

increases in infant mortality (especially if traceable to malnutrition) and food
export or import trends. This information is being analyzed by NOAA/CEAS, in a 
continuing effort to verify reliability and performance of the crop models and
 
weather assessments.
 

VERIFICATION OF CEAS EARLY WARNING ASSESSMENT SYSTEM 

Currently being addresscd is the task of providing a suitable verification
 
of the CEAS Early Warning System performance. To accomplish the verification
 
it will be necessary to establish an acceptable performance record subject to
available data. Data for verification are now being sought from a number of 
sources. The verification efforts will take two forms. 
 First, a qualitative

evaluaton based on information extracted from program records maintained by
in-country experts such as private volunteer organizations, WMO, FAO, AID andUSDA reports. Second, reliable yield data will be used to verify the model 
performance where it is available. In most cases however, the yield model
performance can only be evaluated by qualitative data. For example,

preliminary verification of crop indices for Haiti suggest proposed categories 

Frere & Popov,1977.
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for relative yield indices of above average, average, below average, and
 
inadequate subsistence food supplies where relative yield information is
 
expressed in percentile ranges as follows:
 

Percentile Range Qualititative 
0-20 . . . . . Inadequate (Severe drought

potential abnormal food shortage)

21-40. . . . . . . . . . delow Average (Moderate drought
 

impact) 
41-80. . . . . . . . . . Average 
81-100 . . . . . . . . . Above average 

Verification procedures emphasize the ability to 
identify those years in

which inadequate and below average food supplies exist. Less importance is 
being placed on the non-critical categories ranging from 41-100 percent..
 

R2The (explained variance) is a general measure modelof the potential 
performance. Tlhe NOAA/CEAS linear regression type has the general form:
 

A 

Y = constant + technology + weather effects.
 

In this form, it is important to know and understand the contribtuion of
 
each term. 

The contribution of each term to the overall explained variance has been
 
determined for the United States agro-climatology (Haigh 1977) as follows:
 

CROP TECHNOLOGY WEATHER
 

Wheat 51.2-67.9% 5.2-21.9% 
Soybeans 53.7-72.1% 14.8-33.2% 

Corn 67.4-78.0% 9.7-25.3% 

In contrast to the above, the contribution of weather to the R2 of models 
developed for LDC's agroclimatic regimes increases over the the more semi-arid 
regions of the world and in particular, developing countries where the level of
 
applied technology is minimal. For example, 10 regression type mgdels were

developed for Sub-Saharan Africa, where the explained variance (R ) ranges from 
52 to 76 percent and is totally due to weather effects. 

Verification is expected to become easier in future as the ofthe concept 
area frame sampling techniques are introduced through the cooperative assistance
 
programs such as those sponsored by AID in cooperation with the U.S.D.A 
in selected countries of the Caribbean, Africa and South and Southeast Asia. 
When the development phase is completed, crop yield statistics, which are 
potentially compatible with those currently published by USDA for the U.S., 
are

expected to be available for several developing countries covered by the 
NOAA/AID program. 
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A question not easily addressed at this stage of test and evaluation is 
related to the benefits to be derived from early or mid-versus-late season

subsistence crop yield estimates. When considering weather events and their 
impact on crop yield potential, it is important to realize the limits of the
models being used. These crop yield models are not designed to forecast the 
impact of future weather on crop production. The models are designed to

evaluate only the cumulative impact of climate on potential yield up to the time 
that the estimate is made, i.e., a measure of the climate-related plant stress
in terms of reduction in potential yield. At a future time, a hail storm, 
freeze, flood or high winds can quickly change a bright outlook into a local orregional disaster. It is imperative that these limits are adequately considered 
when using the early or mid-season yield assessments. It is, however, a fact 
that given favorable (unfavorable) climatic conditions through the reproductive
growth stage of the crop that the probability of experiencing good (poor) cropyields is increased. Therefore, more confidence can be placed on late season 
forecasts. The probability of a good yield does not reach 
100 percent until the
 
crop has been harvested. 

Some preliminary results from the test and evaluation are as follows: 

1. Caribbean Basin
 

Monthly assessment reports were prepared at the end of each month during the
 
autumn crop growth season (August-December) for 1979. (A special report in
August 1979 summarized the end-of-season conditions for the 1979 spring crop
 
season.) 

Climatic conditions in the Caribbean Basin were generally favorable during
.1979 except possibly during the autumn for some regions in Haiti and Jamaica.
Marginal crop conditions due to minor drought were noted in the model assessment
 
report contained in the December 31, 1979-January 6, 1980 issue of Caribbean
 
Basin Weekly Weather Assessment as follows:
 

"Below normal rainfall has been observed in the northern (Region 2)
and southwest (Region 6) sides of Haiti in Jamaica duringand part of 
October, November and December. There is indication of crop damage in
these regions, particularly for beans (red and kidney). For Jamaica 
and southwest (Region 6) side of Haiti, the yield indices indicated a
considerable decline in yield as compared with 1978 yield levels.
 
Crop conditions are believed to be at below normal conditions due to
 
water shortages during the reproductive stage, particularly for late
 
plantings."
 

The mean percentile rank of crop indices for autumn corn, rice and beans was 
35 in both northern and southwest Haiti while the percentile range of indicesfor Jamaica was 25-30, indicating more adverse conditions. These model results 
suggested the potential for reduced yields due to moderate, regional drought. (A
dry, 1980 spring in these same regions would be of concern due to the marginal 
autumn conditions.) Analysis has shown that crop index values below thepercentile are frequently associated with severe drought and potential 

20th 
food 

shortages in Haiti.
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crop has been harvested.

Some preliminary results from the test and evaluation are as follows:

1. Caribbean Basin

Monthly assessment reports were prepared at the end of each month during the
autt.ll1n crop growth season (August-December) for 1979. (A special report in
August 1979 summarized the end-of-season conditions for the 1979 spring crop
season. )

Climatic conditions in the Caribbean Basin were generally favorable during
.1979 except possibly dtiring the autt.ll1n for sane regions in Haiti and Janaica.
Marginal crop conditions due to minor drought were noted in the model assessment
report contained in the December 31, 1979-January 6, 1980 issue of Caribbean
Basin Weekly Weather Assessment as follows:

"Below normal rainfall has been observed in the northern (Region 2)
and southwest (Region 6) sides of Haiti and in Jamaica during part of
October, November and December. There is indication of crop danage in
theee reg ions, particularly for beans (red and kidney). For Jamaica
and southwest (Region 6) side of Haiti, the yield indices indicated a
considerable decline in yield as compared with 1978 yield levels.
Crop conditions are believed to be at below normal conditions due to
water shortages during the reproductive stage, particularly for late
plantings. "

The mean percentile rank of crop indices for autumn corn, rice and beans ~ffiS

35 in both northern and southwest Haiti while the percentile range of indices
for Jamaica was 25-30, indicating more ad verse conditions. These model results
suggested the potential for reduced yields due to moderate, regional drought. (A
dry, 1980 spring in these same regions would be of concern due to the marginal
autt.ll1n conditions.) Analysis has shown that prop index values below the 20th
per~ntile are frequently associated with severe drought and potential food
shortages in Haiti.
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A major effort currently in progress is the verification of the agroclimatic 
crop indices, particularly those used in Haiti, a data-limited country. The 
report, "Drought/Food Production Problems in Haiti: Case Study for 1978" by 
Ravelo (1980) discusses this analysis in detail for a year when drought-related,
 
abnormal food shortages existed in northwest and southwest regions of Haiti.
 

Figure 6 was contained in the above report and illustrates corn crop
 
conditions as depicted by the Yield Moisture Index for Corn (YMI) in Haiti
 

following the reproductive growth stage, November 1978. In this example, the
 
YMI is expressed as a departure from normal conditions. The critical value, of 
-60 percent below normal was determined by comparing percentge departures of the
 
YMI to historical percentile ranks for the same index at several locations when 
abnormal food shortages were known to exist.
 

Figure 6 indicates the critical zones where severe corn crop stress existed 
following the reproductive growth stage (i.e., silking) in 1978. The regions 
near Jeremie in southwest Haiti and both Jean Rabel and Limbe in northwest and 
northern Haiti, respectively, were especially hard hit by drought. Documented 
reports from CARE and other private volunteer organizations as discussed by the 
Department of State,1979confirmed the serious nature of the drought impact and 
related abnormal food shortages in these regions. This index could be expected
 
to reliably provide about 30 days early-warning prior to actual maturity oc the
 
crop. At least in this example, the YMI for corn provides more precise
 

information on the locations of most serious concern to decision makers than
 
just an analysis of monthly rainfall departures from normal. For example,
 
Figure 7 shows a very broad region in northwest Haiti for the zone of 60 percent
 
below normal rainfall in November, 1978. 

A literature review and expert opinion survey has resulted in the identi
fication of several examples of abnormal food shortages in Haiti during the past
 
30 years. (It has to be assumed that in general only major problems find their
 
way into the literature.) In most instances severe drought precedes abnormal
 
food shortages. Documented drought/abnormal food shortages include 1947/8, 
1956-58/59, 1967/68, 1970, 1973, 1974-75/76, 1977, and 1978. These examples are
 
directly associated with YMI percentile values of 1-20 for corn, millet, beans,
 
and rice in the affected regions. There is evidence that disastrous food
 
shortages in the Northwest Department of Haiti are most probable if a dry spring
 

follows a dry autumn, tha major crop season.
 

2. Sub-Saharan Africa
 

Monthly assessment reports were issued at the end of August, September, and
 
October, 1979. In addition to the models listed in Table 2, a rangeland index
 
was also computed for the 1979 season in the northern Sahel zone. Table 3
 
presents the regression model forecasts which were included in the October 1979
 
Model assessment report submitted by CEAS. The concluding remarks contained in
 
the October 1979 report include:
 

"October marks the end of the growing season in the Sahelian countries of
 
Afrioa. The overall assessments of Sahelian agriculture are below normal in all
 
countries. Seasonal rainfall for 1979 was below normal but not severely 
lacking; however, most crops were subject to water stress conditions during 
August from low rainfall. These moisture stress conditions during the repro
ductive stage may have seriously reduced crop yields and rangeland production. 
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abnormal food shortages existed in northwest and southwest regions of Haiti.
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conditions as depicted by the Yield Moisture Index for Corn (YMI) in Haiti
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near Jeremie in southwest Haiti and both Jean Rabel and Limbe in northwest and
northern Haiti, respectively, were especially hard hit by drought. Documented
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to reliably provide about 30 days early-warning prior to actual maturity oC the
crop. At least in this example, the YM I for corn prov ides more precise
infonnation on the locations of most serious concern to decision makers than
just an analysis of monthly rainfall departures from normal. For example,
Figure 7 shows a very broad region in northwest Haiti for the zone of 60 percent
below normal rainfall in November, 1978.

A literature review and expert opinion survey has resulted in the identi
fication of several examples of abnonnal food shortages in Haiti during the past
30 years. (It has to be assumed that in general only major problems find thei r
way into the literature.) In most instances severe drought precedes abnonnal
food shortages. Docllllented drought/ abnormal food shortages include 1947/48,
1956-58/59, 1967/68, 1970, 1973, 1974-75/76, 1977, and 1978. These examples are
directly associated with YMI percentile values of 1-20 for corn, millet, beans,
and rice in the affected regions. There is evidence that disastrous food
shortages in the Northwe:st Department of Haiti are most probable if a dry spring
follows a dry autunn, t!:~ major crop season.

2. Sub-Saharan Africa

Monthly assessment reports were issued at the end of August, September, and
October, 1979. In addition to the models listed in Table 2, a rangeland index
was al so computed for the 1979 season in the northern Sahel zone. Table 3
presents the regression model forecasts which were included in the October 1979
Model assessment report submitted by CEAS. The concluding remarks contained in
the October 1979 report include:

"Ootober marks the end of the growing season in the Sahelian countries of
Africa. The overall assessments of Sahelian agriculture are below nonnal in all
cOl.l1tries. seasonal rainfall for 1979 was below normal but not severely
lacking; however, most crops were subject to water stress conditions during
August from low rainfall. These moisture stress conditions during the repro
ductive stage may have seriously reduced crop yields and rangeland production.
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In general, there a from cropis negative departure 1978 conditions at all 
growth staga. The model yield estimates for selected crops ranked very low as 
compared with previous years." 

The report, "Evaluation of the 1979 Growing Season in the Sub-Saharan 
Countries as Determined afrom CEAS Assessment Tools," by Dale (1980) represents
country-by-country case-study analysis of the agroclimatic conditions. In
 
addition to discussing the models (regression, analogue, and CMR indices), 
the
 
report addresses the quality of the r3infall data received during 1979, as well 
as a comparative analysis with FAO reports issued on September 4 and 21, October 
19, and November 7, 1979, plus the January 18, 1980 FAQ report. 

Table 4 represents a sumarization of the results for all of the CEAS models
for all crops used in each country and displays these results in percentiles
(0-100) by crop growth stage, i.e., planting, vegetative, and flowering. (Based
on 
an analysis of historical data, percentiles in the 0-30 range are believed to
 
represent severe crop damage due to moisture stress.)
 

In general, conditions for planting were favorable; however, conditions 
rapidly deteriorated by the growing (vegetative) crop stage and thereafter. The
results presented in Table 4 were found to be in very close agreement with FAQ 
reports (only statements on climate impact were considered as FAO also reports
adverse conditions due to factors other than climate). 

Both the CEAS Models and the FAO reports for this particular year provided

useful early-warning information on potential crop failure as 
early as the end 
of the vegetative growth stage which is generally 60 days prior to harvest. Ingeneral, crop model results indicating crop damge due to drought during the 
critical flowering stage would be highly indicative of final crop yield. Inthis situation, more confidence could be placed in the crop forecast at 
the end 
of the reproductive stage. Therefore, at least 30 days early warning prior to 
harvest could be anticipated.
 

In summary, the results of the model test and evaluation for the 1979 season 
have been highly encouraging; however, it must be noted that these models 
only detect 

can 
climate impact due to drought as represented by monthly data. Also, 

the models are not sensitive to either non-weather events or short-term weather

events of an episodal nature. Some episodal data including examples of abnormal 
food shortages have been used to verify, scale, and verify crop model indices.
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country-by-eountry case-study analysis of the agroclimatic conditions. In
addition to discussing the models (regression, analogue, and CMR indices), the
report addresse~ the quality of the r3infall data received during 1979, as well
as a comparative analysis with FAO reports issued on September 4 and 21, October
19, and November 7, 1979, plus the January 18, 1980 FAO report.

Table 4 represents a summarization of the results for all of the CEAS models
for all crops used in each country and displays these results in percentiles
(0-100) by crop growth stage, i.e., planting, vegetative, and flowering. (Based
on an analysis of historical data, percentiles in the 0-30 range are believed to
represent severe crop damage due to moisture stress.)

In general, conditions for planting were favorable; however, conditions
rapidly deteriorated by the growing (vegetative) crop stage and thereafter. The
resul ts presented in Table 4 were found to be in very close agreement with FAO
reports (only statements on climate impact were considered as FAO also reports
adverse conditions due to factors other than climate).

Both the CEAS Models and the FAO reports for this particular year prov"ided
useful early-warning information on potential crop failure as early as the end
of the vegetative growth stage which is generally 60 days prior to harvest. In
general, crop model results indicating crop dam;:lge due to drought during the
critical flowering stage would be highly indicative of final crop yield. In
this situation, more confidence could be placed in the crop forecast at the end
of the reproductive stage. Therefore, at least 30 days early warning prior to
harvest could be anticipated.

In summary, the results of the model test and evaluation for the 1979 season
have been highly encouraging; however, it must be noted that these models can
only detect climate impact due to drought as represented by monthl y data. Al so,
the models are not sensitive to either non-weather events or short-term weather
events of an episodal nature. Some episodal data including examples of abnormal
food shortages have been used to verify, scale, and verify crop model indices.
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TAMLE 3.27 
Model estimates expressed as 1979 Ranking (%) based upon growth
stageCrop Mbisture Ratio (CMR) at the end of October 1979. 

Period:
 
CMR 

COUNTRY 	 CROPCR 
__O___T __Y __ ROP_ _ (Growth Stage) RANKING (7) 

CORN 

SENEGAL
 

MILLET
 

RICE 

GROUNDNUTS 

COWPEAS 

MILLET 
NIGER 

SORGHUM 

SUDAN I MILLETFlowering 

SORGHUM
 

SESAME
 

NIGLRIA
 SORGHIUM 

RICE
 
THE GAMBIA 

Vegetative-Flowering 10 

Vegetative 10 

Late 5 

Fiowering 5 

Vegetative 10 

Flowering 5 

Flowering 5 

Vegetative 20 

Flovering 20 

VegeLa Live 

Late 5 

14ILLETMILLETVegetative 
 15
 

CHAD1 MILLET Vegetative 5 (Yield Indices)
 

MAURITANIA 
 MILLET 	 Vebetative 
 5 
UPPER VOLTA MILLET 	 Vegetative 5
 

Flowering 
 10 (Yield Indices) 

MALI MILLET Vegetative 5Flowering 
 5
 

LEGEND I A single monthly satellite estimate was used ii the assessment. 
* Meteorological data is not available fur model estimate. 

** Primary reporLing station missing. 
Prepared by NOAA/Center for rnvironmental Assessment Services. 

TABlE 3.

Model estimates cxp~essed as 1979 Ranking (X) based upon growth
stage,Crop Moi.sture Ratio (CMR) at the end of October 1979.

Period:

27.

lEGEND.

COUNTRY
. CROP

CMR
(Growt~ Stage) RANKING (7.)

CORN Vegetative-Flowering 10
SENEGAL , --

mLLET
. Vegetative 10

RICE
Late 5

GROUNONUTS
F10wering 5

COWPEAS
. Vegetative 10

HlllET
NIGER Flowering 5

SORGHUM
Flowering 5

MILLET
SUDANI Flowering 5

SORGHUM
Vegetative 20

.
SESAME

F10ltering 20
... -- ..... - . _.._--- - .......---

NIGI.IUA . SO({(iIIUH
VC!Jc llll i vc ".- --.-_..._-_.-

RICE
THE GAt~BIA Late 5

- --
'·HllH

Vegelative 15

CHAOl . ~lIllET Vegetative 5 (Yield IndJces).
MAURITANIA HIllEr Vegetative 5

UPPER VOLTA HlllET Vegetative 5 (Yield Indices)Fl Q\~eri ng 10

MALI 11IllET Vegetative 5
Flowering 5

1 A single monlhly slllell He estimale \'/,]S llSI:d ill the assr.ssJlIcnt.
• Hcteorological dala is not clVclilalJle fur /IIodel eslirnille •

.. Primary reporl i ng slat ion mi ss i'ng.

rrepar~d lJy liOM/Cenler for [rlvironlll(!ntal Asses!>Olent Services.
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TABLE 4. 

SUMMARIZATION OF ALL CEAS CROP 

MODEL RESULTS IN PERCENTILES BY COUNTRY AND 

CROP GROWTH STAGE AT THE END OF THE GROWING SESAON 

IN 1979 FOR SUB-SAHARAN AFRICA COUNTRIES 

Planting Growing Flowering Ripening 

Country (June) (Jul/Aug) (Aug/S ept) (Sept/Oct) 

Senegal, N. 80 10 5 5 

Senegal, S. 85 15 5 5 

The Gambia 95 25 5 5 

Mauritania 75 10 15 10 

Mali 10 5 5 20 

Upper Volta 85 5 10 5 

Niger 80 15 15 10 

Chad 15 5 5 5 

Sudan 70 10 15 20 

TABLE 4.

SUMMARIZATION OF ALL CEAS CROP
MODEL RESULTS IN PERCENTILES BY COUNTRY AND

CROP GROWTH STAGE AT THE END OF THE GROWING SESAON

IN 1979 FOR SUB-SAHARAN AFRICA COUNTRIES

28.

Planting Growing Flowering Ripening

Country (June) (Jul/Aug) (AuglS~~') (Sept/Oct)..
Senegal, N. 80 10 5 5

Senegal, S. 85 15 5 5

The Gambia 95 25 5 5

Mauritania 75 10 15 10

Mali 10 5 5 20
Upper Volta 85 5 10 5

Niger 80 15 15 10
Cha1 15 5 5 5

Sudan 70 10 15 20
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SUMMARY AND CONCWSION 

The need for an early warning tool has been clearly established. The 
AID/OFDA developmental work completed by NOAA/CEAS's Climatic Impact AsL-Assment 
Division for the Caribbean Basin and Sub-Saharan African countries is now being
operationally tested with the goal of establishing an acceptable track record of 
performance. (Results for both regions have been highly encouraging.) A task 
to verify the probable performance in past years, using historical climate-based 
crop yield indices, will be completed by January, 1981. A similar project is 
underwy for southern Asia. A project for crop yielc model development for 
Africa, south of the Sahel Region is under consideration. 

Significant interaction has already taken place with representatives from
 
the developing countries and the CEAS staff through participation of CEAS staff
 
at AID-sponsored Disaster Preparedness Seminars. Selected agrometeorology staff 
from developing countries have undergone training at the CEAS facilities in
 
Early Warning Assessment preparation and Yield Model Development. The WMO and
 
FAO have participated in the exchange and development of the data needs and
 
weekly assessment publications.
 

Through cooperative efforts between USDA and AID, assistance to establish an
 
area frame sampling program in developing countries has been started. This will
 
eventually enable CEAS to establish a more rigorous performance evaluation for 
the early warning program.
 

The AID/OFDA Early Warning System, as a tool for use in planning responses 
to potential areas needing assistance, has already been proven useful and 
appears cost-effective. The full potential value of the system must, however, 
await an evaluation of the effectiveness of AID's disaster relief actions and
 
future response to "creeping" disaster assistance needs.
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underway for southern Asia. A proj ect for crop yielc model developnent for
Africa, south of the Sahel Region is under consideration.

Significant interaction has already taken place with representatives from
the developing countries and the CEAS staff through participation of CEAS staff
at AID-sponsored Disaster Preparedness Seminars. Selected agrometeorology staff
from developing countries have undergone training at the CEAS facilities in
Early Warning Assessment preparation and Yi eld Model Developnent. The WHO and
FAO have participated in the exchange and developnent of the data needs and
weekly assessment publications.

Through cooperative efforts between USDA and AID, assistance to establish an
area frame sampling program in developing countries has been started. This will
eventually enable CEAS to establish a more rigorous performance evaluation for
the early warning program.

The AID IOFDA Early Warning System, as a tool for use in planning responses
to potential areas needing assistance, has already been proven useful and
appears cost-effective. The fUll potential value of the system must, however,
await an evaluation of the effectiveness of AID's disaster relief actions and
future response to "creeping" disast~r assistance needs.
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ABSTRACT 

Disaster assistance can be most effective only when all its components
 
operate efficiently. An alert or early warning indicator is a critical initial
 
stage leading to a timely U.S. response. Without an early warning, effective 
and rapid responses to minimize human suffering become increasingly more 
difficult., AID's Office of U.S. Foreign Disaster Assistance (OFDA) has 
operationally benefited from the Center for Environmental Assessment Services 
Early Warning Program, developed by the Climatic Impact Assessment Division 
(CIAD), of the Environmental Data and Information Service's Center for Environ
mental Assessment Services. The CEAS Early Warning Program uses the combination 
of climatic information, real-time synoptic data, satellite photos and other 
ancillary data to monitor climatic anomalies. In addition, climate/crop yield 
models including agroclimatic indices have been developed to provide information 
on either relative or absolute crop yield. 

The aberrations or departures from average conditions are interpreted for
 
impact on potential subsistence food supplies for the developing countries. The 
CEAS Early Warning Assessments provide AID/OFDA with an alert of potential
 
problems as theydevelop, and allow CFDA the opportunity to plan for such 
contingencies as may be required to develop a disaster assistance program in a
 
timely and efficient manner. The implications of the OFDA reaction to an early 

warning alert will be examined.
 

Synoptic data is routinely collected for CEAS from over 8,000 stations 
around the globe at the National Meteorological Center (NMC), Camp Springs, 
Maryland. The temperature and precipitation data are analyzed for quality
 
control, summarized and plotted in terms of departures from normal, cumulative
 
departures and frequency of days reporting precipitation. Techniques that have 
been developed to estimate precipitation amounts from Geosynchronous 
Observational Environmental Satellites (GOES) Visible and Infrared (ER) imagery 
for data deficient regions will be discussed. Subsistence crop yield model
 
estimates which are used as tools to indicate potential crop response to 
observed climate will be evaluated.
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AB~TRACT

Disaster assistance can be most effective only when all its components
operate efficiently. An alert or early warning indicator is a critical initial
stage leading to a timely U. S. response. Without an early warning, effective
and rapid reoponses to minimize human suffering become increasingly more
difficult .. AID's Office of U.S. Foreign Disaster Assistance (OFDA.) has
operationally benefited from the Center for Environmental Assessment Services
Early Warning Program, developed by the Climatic Impact Assessment Division
(CIAO), of the Envirormenta1 Data and Information Service's Center for Environ
mental Assessment Services. The CEAS Early Warning Program uses the combination
of climatic information, real-time synoptic data, satellite photos and other
ancillary data to monitor climatic anomalies. In addition ~ climatelcrop yield
models including agroc1imatic indices have been de~e10ped to provide information
on either relative or absolute crop yielC:.

The aberrations or departures from average conditions are interpreted for
impact on potential subsistence food supplies for the developing countries. The
CEAS Early Warning Assessments provide AID/OFDA with an alert of potential
problems as they develop , and allow CF~ the opportunity to plan for such
contingencies as may be required to develop a disaster assistance program in a
timely and efficient manner. The implications of the OFDA. reaction to an early
warning alert will be examined.

Synoptic data is routinely collected for CEAS from over 8,000 stations
around the globe at the National Meteorological Center (NMC) , Camp Springs,
Maryland. The temperature and precipitation data are analyzed for quality
control, summarized and plotted in terms of departures from normal, cumulative
departures and frequency of days reporting precipitation. Techniques that have
been developed to estimate precipitation amounts from Geosynchronous
Observational Env ironmenta1 Satellites (GOES) Visible and Infrared (IR) imagery
for data deficient regions will be discussed. Subsistence crop yield model
estimates which are used as tools to indicate potential crop response to
observed climate will be evaluated.
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