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Development
of
Agroclimatic/Crop Condition Index Assessment Models

C. Sakamoto, R. Achutuni and L. Steyaert

[. INTRODUCTION

This handbook provides step-by-step procedures and illustrations on
how to develop and use agroclimatic/crop index assessment models. These
models are used to operationally assess the impact of weather variability
on agricultural crops. They provide relative information on expected crop
production for rainfed agriculture and have been shown to provide reliable
and timely information on drought impact including major agricultural pro-
duction losses affecting food security of developing countries,
Assessments from these models complement other information systems such as
probability surveys and field reports.

These index models are simple and straight forward. Although mechani-
cal processing of the data with desk-top calculators or small computers
will enhance the assessment process, calculations can be made by hand.
Because rapid interpretation and transmission of the impact information to
decision-makers is crucial, available resources should be used to provide
the reliable information which is an essential ingredient for successful
agroclimatic assessment operations.

Agroclimatic indices represent surrogates for weather data such as
temperature and precipitation. They are transformed meteorological
variables which can be used as indicators of integrated crop response to

weather. The most simple index is based on rainfall, i.e., excesses and



deficits cause variations in the productivity of a crop. Many other fac-
tors also determine productivity.

Why then use an index? First, the NOAA/AISC crop condition and food
shortage early warning program has established that indices can be success-
fully used in real-time assessment. Second, from a statistical point of
view, indices allow the integration of the effects of several variables
such as temperature, soil moisture, evaporative demand of the atmosphere,
and crop moisture requirement. A single variable is produced that reduces
the collinearity problem of using variables separately.

From these indices, assessors receive information which is transmitted
to national policy and decision-makers who need to address strategies of
coping with the potential economic impact and, in some cases, famine.

What are the requirements? First, data must be available, The
simplest index requires only precipitation data. The most sophisticated
index is useless if required real-time data are not available. Second, the
analysis should not require sophisticated machinery. From 4 practical
point of view, these indices allow analysis with a simple hand calculator,
Third, the information should be easily understood and used with other
information or data. These indices can complement other information. For
example, methods for estimating crop condition could consider information
from agribusiness reports and probability and non-probability surveys. In
some countries, these latter reports are not available, Consequently,
weather may be the only available data to provide real-time operational
information,

It should be recognized from the beginning that with any proposed

index, the method may not have universal application, i.e., a particular



index developed for a particular area or country may not be applicable in
another area. This should be expected since the indices are often empiri-
cally determined and all factors are difficult, if not impossible, to
consider. The important point to remember is that indices should be used
only after the capabilities and limitations of them are known through
testing and evaiuation,

The advent of desk-top microcomputers has expanded the utility of
these indices. The computer provides a tool to analyze the data rapidly
and also provides easily accessible data banks which are the backbone of
the assessment process, Software programs are nzeded to analyze the data;
these are becoming easily available. Software for the indices discussed
in this handbook are described in a separate handbook prepared by the
Assessment and Information Services Center/NOAA (NOAA/AISC, 1984).,

This handbook should be considered open-ended; other indices such as
soil moisture, plant response or insect/disease indicators can be added at
a later date, Initially, however, four indices are described and
illustrated. These include three used by NOAA/AISC: Percent Normal
Rainfall, Yield Moisture Index (YMI), Generalized Monsoon and the FAO Water
Balance Index., Before describing them, the user of this handbook must
become familiar with some basic statistical tools and analyses., Those
familiar with the terms can skip the next section and go directly to the

Indices section.



250 4
x /
z . .
o 200
=
g
-
@
E
E 1504
4
°
-
g
E
a
o 100 1
w
- 4
o
w
2
j=
3
= 50-
3
-
(3]
I L T T
o 50 100 150 200

CUMULATIVE PRECIPITATION (mm) (REFERENCE STATION)
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testing homogeneity of precipitation data.



I1. STATISTICS IN INDICES

Even with simple indices, their application requires knowledge of ele-
mentary statistics. Improper statistical analysis of data can lead to
misinterpretation of the potential climate impact and incorrect decisions.

Quality of Data

Before any meaningful use can be derived from a data set, one must
ascertain that the data are homogeneous. A data set is homogeneous if it
is a sample from a single population. A population consists of all
possible values of a variable. Ffor example, monthly precipitation values
can range from 0 to some upper limit, depending on the climate of the area.
From a meteorological point of view the entire (e.g., precipitation)
theoretical or possible values may not have been recorded yet in history.
Therefore, the recorded years represent a sample of this theoretical popu-
lation. This is why a very "short" record period could lead to misleading
results, When the data are not homogeneous, the meteorological data series
could lead to a change in the mean or trend or some oscillation,

How does one test for homogeneity? Two methods are described. One
method is a non-parametric test described by Thom (1966). Briefly, the
steps involve:

1. Arranging the data sets, e.q., precipitation values for a
particular month chronologically with first year first and
last year last. This is called a naturally ordered series.,

2. Finding the median or middle value

3. Determining whether each value is above or below the median

value,



4, Counting the number of runs, or times the values change from
above to below the median value and from below to above the
median value.,

5. Determining from the table showing the distribution of runs
(see Table 6, Thom, 1966) if the resulting number of runs
fall within a prescribed significanc. limit, given the
hypothesis that the number of runs above and below the median
are equal.

If the number of runs above or below the median value exceeds the upper or
lower limits this suggests heterogeneity, i.e., non-homogeneity in the data
sets.,

Another simple non-parametric procedure is to compare the station in
question x, with a reference station or groups of stations. This is done
as follows:

1. arrange the data set chronologically

2. plot cumulative values (e.q., for precipitation) on a
graph with precipitation amount of station x in the ordinate
and the reference station on the abscicca. (See Figure 1)

3. analyze the completed plot.

A change in the slope (trend) of the cumulative precipitation plot suggests
possible heterogeneity. Note, for example, a change in slope in Figure 1.

Quality controlling data includes steps to assure that the data are
checked prior to their analysis. Some questions that should always be
asked include: Are the data reasonable? Are the values consistent with
the climate and known variability? Are there repeated values for two or
more months? Are there anomaious (extreme) values? If so, these should be

checked with surrounding stations to determine if there is a pattern. An



observer change may also reflect the unusual values. Plotting of the
variable may also reveal suspicious numbers. There is no simple short cuts
to assure quality data. The use of the computer may speed up the checking
process, but in the end it is the human eye of an experienced meteorologist
or climatologist who can improve the quality of the data set.

It is also common to find gaps or missing data in a meteorological
series, Objective methods such as the ratio and difference methods
discussed by Thom (1966) can be used. However, even these methods should
be used with discretion. Topography, synoptic systems, elevation and other
factors are important considerations when estimating missing values.,

Valued judgement of an experienced meteorologist can add to the confidence
of the data set,

Quantity of Data

It has been our experience that the minimum number of data years
required for reliable precipitation analysis for index application is at
least 20 years, Recommendations have varied according to the climate of an
area with drier areas requiring more years. Many locations will have less
than 20 years of data. If some measure of normal rainfall and/or normal
potential evapotranspiration is available, better use can be made of some
of the indices. If, on the other hand, the index requires a ranking of
historical data series one should not use it with less than ten years of
data. Even 10 years may be insufficient; however, a threshold should be
established. Caution should be exercised with less than 20 years of data,
In this case, other complementary data or information are required to pro-

perly interpret the results.



Percentile Rank

It has been demonstrated that the simplest method to estimate the

probabilities of meteorological variables is provided by the following

formula:
F = m/n+l (1)
where: F = estimate of the cumulative population probability,
m = is the mth value in order of magnitude or rank of the
individual values of the data set where m = 1 through n, and
n = the total number of years. If the data series is for

1951-1984, n = 34,

As an illustration, suppose one wants to calculate the percentiles for
the June data from Tak, Thailand. The site has a historical record from
1954 through 1981 as shown in Table 1 (Table 1 also shows monthly precipi-
tation for July through September and other data which will be referred to
in the discussion below), The following steps illustrate the procedures to
calculate percentiles.

1. Rank the June rainfall series (m =1 to 28) with the 1owesf
value first and the highest value last. (Table 2)

2. Using equation 1, find F for each m. (Table 2) The example
shows m = 1 to 28, where n = 28 (1954-1981),

3. List the year for the ranked observation (Table 2).

Table 2 shows the empirical probabilities for selected values of pre-
cipitation., For example, the probability of rainfall being less than 183 mm
is .90; the probability that it is greater than 183 mm is 1 - ,90 or .10.
Values can also be plotted as in Figure 2 to provide a continuous curve so

that the probability of any value can be easily estimated.



Monthly (June-September) Precipitation (millimeters

(1954-1981)

TABLE 1

) at Tak, Thailand

MONTH

YEAR JUN JUL AUG SEP
1954 67 58 106 413
1955 170 53 71 294
1956 51 72 78 100
1957 186 129 60 196
1958 113 113 111 233
1959 130 158 40 503
1960 91 80 120 136
1961 66 118 142 92
1962 76 95 74 335
1963 92 80 86 439
1964 27 65 56 306
1965 120 43 211 261
1966 42 67 139 142
1967 37 65 152 190
1968 161 63 46 152
1969 45 94 89 395
1970 109 226 147 135
1971 154 121 89 167
1972 135 90 51 220
1973 183 70 120 355
1974 142 47 177 258
1975 130 51 173 207
1976 54 188 316 206
1977 8 77 94 173
1978 - 60 240 76 229
1979 297 74 112 324
1980 123 101 45 284
1981 179 108 113
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TABLE 2

Ranked Order and Percentile of June Precipitation (millimeters)

at Tak, Thailand (1954-1981)

Rank (m) Precip (mm) F Year Rank (m)  Precip (mm) F Year
1 8 .03 1977 16 120 55 1965
2 27 07 1964 17 123 .59 1980
3 37 .10 1967 18 130 .02 1959
4 42 .14 1966 19 130 .66 1975
5 45 17 1969 20 135 .69 1972
6 51 .21 1956 21 142 .72 1374
7 54 .24 1976 22 154 o716 1971
8 60 .28 1978 23 161 .79 1968
9 66 .31 1961 24 170 .83 195%

10 67 .34 1954 25 179 .86 1981
11 76 .38 1962 26 183 .90 1973
12 91 .41 1960 . 27 186 .93 1957
13 92 .45 1963 28 297 .97 1979
14 109 .48 1970

15 113 .52 1958
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Another way to depict Table 2 graphically and perhaps in a more useful
way is illustrated in Figure 3 where the percentile is now plotted in a
time series for all the da*a years. This graph reveals comparative years
and provides information on the category of potential impact of the preci-
pitation in June. It is easily seen that June 1964, 1966, 1967, 1969 and
1977 were low moisture years. The current assessment year (assume 1982 in
this case) can be similarily analyzed and compared with the nistorical
record, Statements such as: "June 1982 is the driest June since 1964" can
be made with this information,

It is obvious that the effect of a single month may not provide the
most significant impact. In fact, for many countries in the tropics, it is
the onset, movement, and intensity of the Intertropical Convergence Zone
(ITCZ) occuring over three to four or more months, that impacts produc-
tivity.

As a caution, the assessor must be careful in using/interpreting per-
centiles in the regions where rainfall is very low with little variability,
or very high. A small change in absolute value in semi-arid areas may
correspond to a large change in percentile, which could be misleading.
Similarly, in very wet areas a very low percentile may still be sufficient
for a good crop year, This means that percentile values must be calibrated
for each area.

It should now be clear that a major advantage in percentile ranking is
to be able to compare rainfall data in space and time. Consequently,
isolines of percentiles can be more properly compared than total rainfall
only. Similarly, as Figure 3 demonstrates, a percentile time series allows

a rapid comparison of the events with different years.
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Table 3 illustrates the total rainfall contribution of the period June
through September at Tak, Thailand; the cumulative rainfall, the percent
normal and percentile ranks are shown. Further discussion is provided
later for this simple assessment index.

Normal, Mean and Average

In climatology, the estimate of normal (mean, average) is given by
dividing the total amount by the number of observations. One should be
aware, however, that the mean, the model value and the median value may not
all be the same (model value is the value with the largest frequency;
median is the value where 50 percent of the observations lie above and
below this value). Climatologists have used the term "normal" to refer to
the mean or average although the term has led to confusion. For the pur-
pose of this handbook, normal refers to the average.

Weighting

The purpose of weighting in an agroclimatic index is to consider the
contribution of the variable to the crop growth response., Greater impor-
tance or weights are assigned to critical periods such as flowering. One
weighting scheme is based on the crop coefficient, as defined by Doorenbos
and Pruitt (1977), that considers the crop water requirements (Steyaert,
Achutuni and Ravelo, 1979). Crop coefficients are also used in the Yield
Moisture Index and the FAQ Water Balance Index (Frere and Popov, 1979),

Bahime and Mooley (1980) developed another weighting scheme for the
southwest monsoonal rainfall, using a complex system of weights to aggre-
gate June through September rainfall, They showed that the historical
occurrences of famine due to drought were directly associated with the

magnitude and areal extent of the drought, as quantified by their index.,



TABLE 3
+4++ LISTING CUMULATIVE RAINFALL DATA +++
THAILAND Tak:

CUMULATIVE RAINFALL
WHOILE MILLIMETERS
4 MOMTHS : (JUN-SEF)

CUMULATIVE NORMAL 7% NORMAL FERCENTILE

YEAR RAINFALL RAINFALL RAINFALL RANES
1954734 644 S57 124 7%
1955/595 588 937 1419 it
1936/56 RY7B1 o957 36 =
17297/57 o971 937 146 48
1958758 74 937 186 44
1939/59 831 S37 155 964
19660/ &6 427 537 8¢ 24
1961761 418 S5 78 13
1962762 89 Ry 18 i

1963/6% 677 53 13a 82
1964764 454 Y 8BS 27
1945765 635 937 118 75
1966766 390 93 73 1@
1967767 444 937 83 el

1968/ 463 422 937 79 17
196%2/69 627 937 116 68
1977746 617 937 113 65
1971771 331 937 99 34
1972772 494 o937 Q2 RS
1973773 728 37 136 86
19274774 &24 337 116 2
1975775 g61 o937 1914 41
1976776 764 I57 142 8%
1977777 352 937 b6 6
1978,78 63 957 113 a8
1979777 87 97 1340 3
1964 /84 SOE S357 1= 7

1981/81 616 WRY4 113 2
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Steyaert (1981) extended this approach and defined the Generalized
Monsoon Index (GMI). The weights for this index are 0.125 (June), 0,125
(July), 0.50 (August) and 0.25 (September). This procedure assumes:

(1) the assigned weights are associated with the crop water requirement and
(2) the weights are related to the major crop of the area or country. The
term “generalized" suggests crop and human activities and the economy are
geared to the precipitation which falls in a specific period. Therefore,
the index is not associated with any specific crop as are the Yield
Moisture Index (YMI) or the FAO index.

The question may be asked, "What happens if rainfall is distributed
evenly through the crop season." This is when the assigned weights have
their greatest effect with the contribution of the rainfall amount during
the critical period being the greatest. The fact is for large areas dif-
ferent crops which require different amounts of water are often planted,
For example, rice may be mixed with maize or other grain crops in the same
general climatic area.

The effect of the weights in the GMI is demonstrated in Figure 4. In
this figure percentile ranking is plotted on the ordinate for two different
seasonal (June, July, August, September) weights at Tak, Thailand. The
plotted percentiles represent the cumulative weighted rainfall for the four
months. Note 1966 when equal weights ,250, .250, .250, .250 led to a
value of 10 percent, while the weights ,125, .125, .500, .250 yielded a
value of 31 percent, These results suggest that in 1966, crop production
may not have been seriously reduced. On the other hand, in 1972 the
weights of ,125, ,125, .500, .250 led to a percentile of 13; equal weights

led to 31 percentile value.
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Where irrigation is a major activity in an area, this index or any
other index should not be used unless the actual amount of irrigation

water applied is known.
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[TI. CROP WATER REQUIREMENTS

Doorenbos and Pruitt (1977) define crop water requirement as “the
depth of water needed to meet the water loss through evapotranspiration
(ETcrop) of a aisease-free crop growing in large fields under non-
restrictive soil conditions including soil water and fertility and
achieving full production potential under the given growing environment,"

The concept of potential evapotranspiration (PET) is also discussed by
Doorenbos and Pruitt as the rate of evapotranspiration from a reference
crop with an extensive grass surface of uniform height (8-15 cm), actively
growing and completely shading the ground and not short of water. Several
methods of estimating potential evapotranspiration are available, Since
potential evapotranspiration is associated with a dense cover of short

vegetation at the full growing stage, one needs to consider water require-

ment at various crop stages, from emergence to maturity. This leads tc the
development of crop coefficients.

Crop Coefficients

According to Doorenbos and Pruitt (1977) the crop coefficient accounts
for crop characteristics on crop water requirements and is defined as
follows,

ke = ETcpop/PET

The crop coefficient (kc) varies with the stage of the crop as well as
from one crop to another., Factors affecting kc include crop charac-
teristics, climate, planting date, rate of crop development and the length
of growing season.

The crop coefficient response curve for maize, by crop stage, is shown

in Figure 5. The kc value during planting and the initial crop stage is
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Figure 5: Crop Coefficient Response Curve for Maize (Adapted from Doorenbos
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0.35; the crop has only 10 percent of ground cover, The crop development
(vegetative) stage lasts about 35 days and the crop increases its ground
cover to 70-80 percent. Maize has a kc value of about 0.7 at the middle of
the crop development stage, The maximum value of the crop coefficient
(1.14) is attained during the mid-season (flowering and reproduction), The
late season (maturity and harvest) is characterized by a lower kc value
(0.6), reflecting senescence.

Table 4 shows the crop coefficients by stages for selected crops. The
kc values for intermediate stages can be estimated by linear interpolatibn
after plotting a curve similar to Figure 5. The kc values for broadcast
and transplanted paddy crops are assumed to be similar, although the kc
values for the initial stage should be reduced by 15 to 20 percent for the

broadcast crop.



Table 4. Crop Coefficients (kc) (Adapted from Doorenbos and Pruitt, 1977)

éé

Crop Development Stages
Flowering
CROP Planting or Vegetative and Maturity Harvest
Transplanting Reproduction

Banana

Tropical 0.40 - 0.50 0.70 - 0.85 1.00 - 1.10 0.90 - 1.00 0.75 - 0.85

Subtropical 0.51 - 0.65 0.80 - 0.90 1.00 - 1.20 1.00 - 1.15 1,00 - 1.15
Green Beans 0.30 - 0.40 0.65 - 0.75 0.95 - 1.05 0.90 - 0.95 0.85 - 0.95
Groundnut 0.40 - 0,50 0.70 - 0,80 0.95 - 1,10 6.75 - 0.85 0.55 - 0,60
Maize

Sweet 0.30 - 0.50 0.70 - 0,90 1.05 - 1,20 1.00 - 1,15 0.95 - 1.10

Grain 0.30 - 0.50 0.70 - 0.85 1.05 - 1.20 0.80 - 0.95 0.55 - 0.60
Peas 0.40 - 0.50 0.70 - 0.85 1.05 - 1.20 1.00 - 1.15 0.95 - 1,10
Potato 0.40 - 0.50 0.70 - 0.80 1.05 - 1.20 0.85 - 0.95 0.70 - 0.75
Rice 1.10 - 1.15 1,10 - 1.50 1.10 - 1.30 0.95 - 1.05 0.95 - 1.05
Sorghum 0.30 - 0.40 0.70 - 0.75 1.00 - 1.15 0.75 - 0.80 0.50 - 0.55
Soybeans 0.30 - 0.40 0.70 - 0.80 1.00 - 1,15 0.70 - 0.30 0.40 - 0.50
Sugarcane 0.40 - 0.45 0.70 - 1.00 1,00 - 1.30 0.75 - 0.80 0.50 - 0.60
Wheat 0.30 - 0.40 0.70 - 0.80 1.05 - 1.20 0.65 - 0.75 0.20 - 0.25
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IV, INDICES

A. Percent of Normal Rainfall

In climatology normal rainfall is determined by dividing the total
amount of rainfall for the record period (example: 20 years of June rain-
fall) by the number of years. Clearly, this is the average or mean.

[in/n]

]

Average

June rainfall

where X

i =year, 1 ton
Percent of normal (PN) is defined as:
PN = (X5 - £Xj/,) (100)
Even this simple percent of normal index can lead to confusion. For

example, if average rainfall for a month is 50 mm and only 25 mm was

reported, this represents 50 percent of normal (average). This amount

could also represent 50 percent below normal. Similarly, if 150 mm was

observed for the current month, this is 300 percent of normal or 200 per-

cent above normal., Needless to say, these staterents can only lead to con-

fusion for the non-technical reader; therefore, it is suggested that when
percent normal (average) is used, the values be consistently stated as

percent of normal (average).

One advantage of this index is its simplicity and ease of under-
standing by the non-technician. In addition normal rainfall, particularly
monthly values, can be easily secured through many sources or estimated by
various methods. It is well known that normal rainfall may be associated
with deficient or excessive water for crops. Therefore, the use of percent
normal has to be carefully interpreted in terms of the rainfall amounts,

plant water requirements and time of rain relative to the growing season.
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B. Yield Moisture Index (Steyaert, et al, 1979; Achutuni, et al, 1982)

The Yield Moisture Index (YMI) is based on weighted monthly cumulative
rainfall, The weights are a function of the crop water requirements and
vary from stage to stage. The YMI is a simple index that helps the user to
assess agroclimatic crop conditions during the crop season.

The Yield Moisture Index (YMI) for any particular crop is defined as

follows:
N
i=1
where:
i = the crop stage (1 = planting or transplanting,
2 = vegetative, 3 = flowering/reproductive,
4 = maturity, etc.),
N = total number of crop stages,
Pi = the rainfall during the ith crop stage, and
kcj = the appropriate crop coefficient for the ith crop stage

(Table 4),
The index values can be expressed either as a percent of normal or as
a percentile rank (on a scale from 0 to 100, average = 50th percentile),

Data Requirements

The following data are required for computing the yield moisture index
for any particular crop: (1) crop calendar information, (2) crop coef-
ficients and (3) monthly rainfall data.

1) Crop calendar information includes the normal month or months of

(i) planting/transplanting, (ii) vegetative stage, (iii) flowering and
reproductive stage, (iv) maturity stage, and (v) harvesting. The example
of the crop calendar for several crops in the Bicol Region in the
Phillipines is shown in Table 5. In instances where planting or

transplanting takes place over several months, the month of peak activity

can be considered to be the normal planting or transplanting month.



Teble 5.

Crop Calendars in Bicol Philippines

Climatic
Region lone Crop Season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bicol 1] Rice Lowland lst /1l ] H— Lt 00 0000 0000 00
Lowland 2nd —0 0000 0000 0000 QO 1111 HHAE A
Upland 177 1710 1177 00 0000 0000 Q00O
Maize Dry Season /111 117/ 7777 0000 0000 0000 00
Wet Season //// /111 1/ 0000 0000 G000
Soybean 1111 1117 0000 0000 00
v Rice Lowland lst /111 HH- HA —0 0000 0000 0000
Lowland 2nd A4t 0 0000 0000 0000 1111 HH+
Upland 777 1117 1117 00 0000 0000 0000
Maize Dry Season 0000 0000 00 1171717 1777 0000
Wet Season /1777177 1777 0000 0000 0000 00
Soybean 717 7117 0000 0000 00
Sugarcane //// 0000 0000 0000 0000 Yt
111 Rice Lowland lIst 1111 H  H4+ —0 0000 0000 0000
lowland 2nd fLft 0000 0000 0000 1111 M+
Upland 177/ /1717 171/ 00 {100 0000 0000
Maize Dry Season 0000 0000 0000 0O 1171117 1117
Soybean 1117 1117 0000 0000 0O

Legend:

/// Planting
—— Transplanting
000 Harvesting

G¢
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2) Crop coefficients for each stage of crop growth and development can

be obtained from Table 4, The user can also compute the crop coefficients
for a specific crop and location by referring to Doorenbos and Pruitt
(1977). If crop coefficients have been developed for in-country use, these
should be used in lieu of Table 4.

3) Monthly rainfall data for each month of the growing season can be

obtained on a real-time basis. It is important to select only those sta-
tions for which rainfall data are available on a real-time basis,

A historical rainfall data set is needed to obtain normal (the averége)
monthly rainfall values. If such historical data are unavailable, the
rainfall average may be obtained from published climatological records such
as Wernstedt (1977). If percentile rank is to be calculated, it is
necessary to have a historical data series of sufficient length (see

section on Quantity of Data) so that the data are not biased.

Calibration of YMI

Use of the YMI in quantitative form does not help the assessor,

Instead, we need to look at the YMI as a percent of normal or better yet,

as a percentile, One objective of these simple indices should be to provide
broad categories of impact for large areas with available basic data (in
this case, precipitation). The YMI provides qualitative information, but
can be calibrated for use in a pseutv quantitative manner. For example, a
simple Maize YMI ranking (for August) is provided for Surkhet, Nepal in the
Eastern Terai region (Figure 6). Data for the period 1957-1983 are shown.
From the plot, the cumulative weighted rainfall at Surkhet shows very low
percentiles for 1972, 1973, 1976, 1977, 1979, 1982 and 1983, Values are

below 21 percent for these seven years (1978 had missing data)., It is
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obvious that this graphic display alone will not provide all the necessary
information to make a reasonable judgement on the crop status. One must
als. review the index for May, June and July (crop season). Also, other
ancillary or support data sources must be used. One example is the episodic
data base shown in Table 6 where past documented impacts provide possible
quantified values. These episodic data bases are derived from a literature
search of reports of various agencies, both national and international,
These reports might reveal statistical data which are important for com-
parative purposes. Examples include percent crop reduction from a
referenced year. One might also use these data bases to state that the
impact is likely to be similar to a particular year if the monthly and
cumulative values are similar,

These YMI values could also be plotted for individual stations and
analyzed regionally with isolines to demonstrate a severity gradient,

In the example of August 1977 Maize YMI at Surkhet, the historical
episodic event data base revealed a serious drought condition that affected
the maize crop. Wheat and rice was also affected; the request for inter-
national aid was corroborated by a YMI value of 14 percentile, 1In 1983,
when the percentile reached 7 percent, previous data suggested serious food
conditions were very possible, Of course, in the case of maize, the criti-
cal period is June and July. In June and July, 1983, the index reached an
all-time low of 3 percent (not shown). At that time, these values should
have alerted the as.essor of a very serious situation which was eminent as
early as July, a full one to two months before harvest.

After the episodic event data base has been used to calibrate the YMI,

categories of interpretation could be developed for each area. Such an



29

TABLE 6

Summarized episodic event data on reported weather and non-weather

factors having adverse im

pact on crop conditions and food security

for Nepal.
YEAR MONTH EPISODIC EVENT
1977 Rice Production Declined by 3.5 Percent
Due to Erratic Monsoon Rainfall in the
Terai and Hills Regions. Acute Food
Shortages Reported and Aid Requested by
the Government.
January - Drought Affected the Wheat and Maize Crops
April in Most Regions of the Country.
July - June and July Were Extremely Dry Delaying
October Rice Planting by Three Weeks. Erratic
Rains in July Through September Caused
Floods in Some Areas and Drought in
Others, Rice Plantings are Below Average,
Acute Food Shortages in the Hills and
Terai Regions. The Government Has
Requested International Aid.
1978 January - Wheat and Other Rabi Cereal Production
April Above Average,
May - Maize and Rice Damaged by Pests and
September Disease. Floods in Central Terai.
1979 February - Some Hail Damage Reported to Maize in the
May Terai
June - Drought During April Through June Reduced
September the Maize Crop. Transplanting of Rice Has
Been Delayed. Widespread Rains in July
Helped Transplanting of Rice. Aid has
Been Requested. HYV Acreage and
Fertilizer Usage Has Been Reduced by 23
Percent.
1980 January - Previous Summer's Drought Has Created an
March Acute Food Shortage in the West Terai and
Hills Regions. FAQ/LFP Emergency Aid
Being Given For Drought Victims.
July Earthquake in Western Part of the Country

Causing Extensive Damage to Life and
Property.
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example is shown in Table 7 which shows not only the percentile rank but
alsc percent of normal, These categories for guidance (which are
calibrated for local conditions) can be incorporated into the graphs and
used as an assessment tool. It should be clear to the reader that the
calibrated rankings need to be reviewed and updated. New information, par-
ticularly if it provides quantitative comparative data, is most useful and
significant for effective impact assessment. It should be further noted
that the percent of normal and percentile rank suggested classes in Table 7
should be very flexible depending on the mean rainfall and the type of

crop.
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TABLE 7. SAMPLE YIELD MOISTURE INDEX CATEGORIES

YIELD MOISTURE TNDEX
Percent Percentile Interpretation
of Normall Rank
> 155 85-100 Potential for flood damage.
85-155 40-85 Near normal to above normal crop conditions.
70-85 30-40 Moderate drought impact with reduced yield.
60-70 20-30 Drought impact with significantly reduced
yield.
50-60 10-20 Drought impact with major yield losses.
0-50 0-10 Extreme drought impact with crop failure
and potential for food shortages.
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Application of Yield Moisture Index: Examples

The Yield Moisture Index (YMI) is a very simple and useful tool for
assessing crop conditions at any given location. The examples in this sec-
tion are designed to illustrate the capabilities and limitations under
three different rainfall regimes: a) adequate, b) wet and c) dry.

The station Nakhon Sawan (Thailand) was selected to represent a loca-
tion that has adequate rainfall to grow crops during the rainy season
without irrigation.

Chittagong (Bangladesh) was chosen tn represent a location that is
climatically wet. Flooding rather than drought is the major deterrent to
crop production,

Lahore (Pakistan) was chosen to represent a location that is very dry

where crops have to be irrigated from the rivers.

l. YMI Analysis: Main Maize Crop in Nakhon Sawan (Thailand)

Data: The historical monthly rainfall data for Nakhon Sawan is shown
in Table 8. The crop calendar for main maize and the corresponding crop
coefficients (kc) are as follows:

Planting: May (kcg = 0.35)
Vegetative Stage: June (kcg = 0.75)
Flowering/Reproductive Stage: July (kc7 = 1,05)

Harvest: August (The index is run only up to the flowering/
reproductive stage)

Procedure
The YMI analysis for main maize in Nakhon Sawan is shown in Table
9. The index values are given as both weighted (by crop coefficients)
observed values (on left side of table) and percentile ranks (on right side

of table). Sample calculations for 1982 are shown below,
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Planting Stage
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(May 1982)

The YMI for

May is given by:

YMIpMay = Pg x kcg

= 31
Pg is the May
coefficient

Vegetative Sta

89 x 0,35

rainfall (mm) and kcg the corresponding crop

ge (June 1982)

The YMI at

YMIMay-Jun

Pe is the June

corresponding

the end of June is given by:

= (Pg x kC5) + (Pg x kcg)

31 + (58 x .75)
= 75
rainfall (mm) and kcg the

crop coefficient,

Flowering/Reproductive Stage (July 1982)

The YMI at

YMIMay-Ju]

Similarly, Py
corresponding
computing the

previously,

the end of July is given by:

= (P5 X kC5) + (P6 X kC6) + (P7 X kC7)

75 + (98 x 1,05)

i

178
is the July rainfall (mm) and kcy the
crop coefficient, The procedure for

percentile ranks has been discussed
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Interpretation of Yield Moisture Index

The percentile rankings of the YMI for maize in Nakhon Sawan are shown
in Table 9 and plotted as a time series in Figure 7. The index has to be
calibrated using episodic event data information such as that shown in
Table 6. The calibration process can be partially achieved by identifying
the following:

o Possible severe drought years (1958, 1965, 1967, 1971, 1972, 1977
and 1982). Index values are in the 0-20th percentile range.
Index values in the 0-10th percentile range are generally asso-
ciated with crop failures. However, as noted previously, -index
values early in the crop season should be viewed cautiously.
These data years need to be corroborated with the episodic event
data base.

For example, in 1982 the index value was in the 29th percentile for

May (Table 9), suggesting marginal moisture and possible drought impact,
By June the index dropped to the 2nd percentile rank indicating severe
drought impact. And by the flowering stage (July) the index value reached
the 14 percentile range. Since all these growth stages were relatively low,
the index alerted the assessor to a severe drought impact on the maize crop
in Nakhon Sawan.

0 Possible drought years (1954, 1962, 1966, 1975 and 1976). Index
values in the 20-35th percentile range could be associated
with drought impact. Again, information from selected published
sources should be used to calibrate the qualitative term with the
percentile values,

o Favorable crop conditions are usually associated with index

values in the 45-80th percentile range.
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0 Possible flood years (1955, 1956, 1964, 1970, 1978 and 1981).
Large index values in the range 80-100 can be associated with
flooding in Nakhon Sawan.

2. YMI Analysis: Transplanted Aman Paddy Crop in Chittagong (Bangladesh)

Data: The historical monthly rainfall data for Chittagong in
Bangladesh is shown in Table 10. The crop calendar for the transplanted

aman paddy crop and the corresponding crop coefficients are as follows:

Transplanting: July (kcy = 1.0)
Vegetative : August (kcg = 1.0)
Flowering : September (kcg = 1.0)
Maturity : October (kcyg = 1.0).

Normally, about 250 millimeters of rainfall per month is considered
adequate for growing paddy. The monthly rainfall in Chittagong during the
critical period July-September generally far exceeds crop requirements for
paddy.

Procedure

The YMI for transplanted aman paddy in Chittagong is shown in
Table 11. A sample computation for 1981 is given below:

Transplanting Stage (July 1981)

The YMI for July is given by

YMIJU] = Py x kcy
= 825 x 1,0
= 825,

P7 is the July rainfall and kc7 is the corresponding crop coefficient

for paddy.
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Vegetative Stage (August 1981)

The YMI at the end of August is given by
YMIJU]-Aug = (P7 X kC7) + (P8 X kCg)
825 + (343 x 1.0)

1168,
Pg is the August rainfall and kcg the corresponding crop coefficient
for paddy,

Flowering Stage (September 1981)

The YMI at the end of September is given by

YMIJu]-Sep = (Py x kcy) + Pg x kcg) + (Pg x kcg)

1168 + (151 x 1.0)

1319,
Pg is the September rainfall and kcg the corresponding crop

coefficient for paddy,

Maturity Stage (October 1981)

The YMIjy1-0ct (07 x kcy) +(Pg x kcg) + (Pg x kcg) +

(PIO X kclo)

1319 + (23 x 1,0)

1342,

P10 is the October rainfall and kcp the corresponding crop coef-
ficient for Octcoes. The procedure for obtaining percentile
rankings has been discussed previously.,

Interpretation

A plot of the YMI percentile rankings for aman paddy over the
period 1951-1982 is shown in Figure 8. At first glance, the YMI percentile

rank for the 1981 aman paddy crop in October is at the 18th percentile rank
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indicating possible drought impact. However, as the summary Table 12
shows, in 1981 the cumulative YMI index rainfal! for July to October was
1342 multimeters, the normal index value being 1774 millimeters. As
discussed earlier, only about 1000 millimeters (250 mm per month) of rain-
fall is needed to meet the total crop water requirements for the aman paddy
crop. Therefore, the low index value rankings in Chittagong are merely
indicative of below normal rainfall conditions, and not necessarily indica-
tive of impact on the paddy crop. Obviously, drought is not a major
problem in a wet station such as Chittagong and the use of percentile
ranking could be misleading.

3. YMI Analysis in dry area: Paddy Crop in Lahore (Pakistan)

Data:

The historical monthly rainfall data for Lahore, Pakistan is
shown in Table 13, The crop calendar for the transplanted wet season paddy

crop and the corresponding crop coefficients are as follows:

Transplanting : June (kcg = 1.0)
Vegetative Stage: July (kcy = 1.0)
Flowering Stage : August (kcg = 1,0)
Maturity Stage : September (kcg - 1,0),

Procedure:
The YMI analysis for the wet season paddy crop in Lahore (Pakistan)

is shown in Table 14, A sample computation for 1983 is given below.
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Table 12, Summary YMI Analysis for the
1981 Aman Paddy Crop in Chittagong, Bangladesh

Month

Jul Aug Sep Oct
Normal Cumulative Precip 707 1269 1542 1774
Observed Cumulative Precip 825 1168 1319 1342
Crop Coefficient 1.0 1.0 1.0 1.0
Observed YMI 825 1168 1319 1342
Normal YMI* 707 1269 1542 1774
Percent of Normal YMI 117 92 86 76
Percentile Rank 65 37 31 18

*Identical to normal precipitation because the crop coefficient is 1,00 for
Jul thru Oct,
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Transplanting Stage (June 1983)

The YMI at the end of June is given by
YMIjun = Pg x Kcg

16 x 1.0

16,
Pe is the June rainfall (mm) and kcg the corresponding crop
coefficient,

Vegetative Stage (July 1983)

The YMI at the end of July is given by

YMIjun-dul (Pg x kcg) + (Py «x kcy)

16 + (152 x 1.0)

= 168,
P7 is the July rainfall (mm) and ke the corresponding crop
coefficient.

Flowering Stage (August 1983)

The YMI at the end of August is given by
YMIgun-Aug = (Pg x kcg) + (P7 x kcy) + (Pg x kcg)
168 + (217 x 1.0)

= 439,
Pg is the August rainfall (mm) and kcg the corresponding
crop coefficient,

Maturity Stage (September 1983)

The YMI at the end of September is given by
YMLjun-sep = (Pg x kcg) + (P7 x kcz) + (Pg x keg) + (Pg x keg)
439 + (28 x 1.0)

n

467,
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Pg is the September rainfall (mm) and kcg the corresponding
crop coefficient,

Interpretation

The percentile ranks of the YMI for paddy in Lahore shown
plotted in Figure 9, reveal a low of 35 percent for July, rising to
73 in August,

The paddy crop in Pakistan is cultivated under irrigated con-
ditions as seasonal rainfall is inadequate to meet crop water requirements.
For example, the normal rainfall at Lahore for the period June to September
is only 444 millimeters when the crop water requirements are 1000 millime-
ters. Crops such as the paddy crop in Lahore that do not depend upon the
seasonal rainfall cannot be assessed using the YMI., Cumulative precipita-
tion in the catchment areas of the major rivers may be a good indicator of

irrigation supplies,
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C. Generalized Monsoon Index (GMI): Steyaert, 1981

The Generalized Monsoon Index is a simple tool to monitor rainfall
conditions during the monsoon season as well as the overall crop conditions,
In the examples that follow, a four month monsoon season is assumed, The
weighting factor for the monthly rainfall are: 125, .125, 0.50 and 0.25
respectively. As indicated in a previous section, these weights are linked
to the crop water requirements in a general way. If the crop season is for
a longer or shorter period, the weights are adjusted accordingly,

Application of Generalized Monsoon Index: Examples

1. GMI Analysis: Colombo (Sri Lanka)

Colombo has a bimodal rainfall pattern as it is influenced by both the
southwest and northeast monsoon seasons. The GM] analysis for Colombo is
presented here for the southwest monsoon season (June-September),

The monthly rainfall for Colombo over the period 1951 to 1983 is shown
in Table 15,

The GMI analysis for Colombo is shown in Table 16. The observed GMI
values as well as the percentile ranks are shown in this table. Sample
calculations for the 1983 season follow.

GMI for June 1983

GMIjyn = 0.125 Pg

0.125 x 119
= 15,

Pg is June rainfall (mm),
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GMI for June-July (1983)

GMIyyp-gul = .125 Pg + .125 Py

15 + ,125 x 163

= 35,
Py is the July rainfall (mm).

GMI for June-August (1983)

35 + (.5 x 94)
= 82.
Pg is the August rainfall (mm).

GMI for June-September (1983)

GMIgyn-sep = +125 Pg + .125 Py + .5 Pg + ,25 Pg

82 + (.25 x 291)
= 155,
Pg is the September rainfall (mm),
The procedure for computing the percentile ranks from the observed
historical GMI values has been discussed previously. These percentile
ranks are shown plotted in Figure 10.

2., GMI Analysis: Iba, Zambales (Philippines)

The station Iba has a unimodal rainfall distribution concentrated
during the southwest monsonn season (June to September). Normal rainfall
during the June to September period is 3141 millimeters so Iba can be
categorized as a 'wet' station.

The historical monthly rainfall data for Iba is shown in Table 17. The
observed GMI values for June to September are obtained by weighting the
monthly rainfall (,125, .125, .5 and .25). The GMI analysis for Iba is

shown in Table 18, The percentile ranks are shown plotted in Figure 11,
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The years 1955, 1962, 1968, 1971 and 1975 all have index values in the
0-15th percentile range. In fact, 1971 is the worst season on record with
an index value in the lower 2nd percentile., However, the cumulative rain-
fall over the period June to September of 1971 was actually 1663 millime-
ters, For this reason, the index values have to be interpreted with
caution in such ‘wet' locations,

3. GMI Analysis: Hyderabad (Pakistan)

Hyderabad (Pakistan) was chosen to represent a station with extremely
low rainfall conditions. The normal rainfall for the period June to
September is only 133 millimeters and cannot support agriculture without
irrigation,

The historical monthly rainfall for Hyderabad is shown in Table 19,
The GMI analysis for the period June to September is shown in Table 20.
The percentile rankings are shown in Figure 12. The driest year (1969)
recorded only 2 millimeters of rainfall for this period and has a percen-
tile rank of 2, The wettest period occurred during 1970 with a cumulative
(June-September) rainfall of 396 millimeters; the corresponding percentile
rank is 97. Obviously, a percentile rank of 97 cannot result in flooding
at Hyderabad. For these reasons, the GMJ values in 'dry' locations have to

be interpreted with caution.
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D. Water Balance Index (Frere and Popov, 1979)

Frere and Popov have developed an index ! based on decadal weather
data which reflects the extent to which the water requirement of annual
crops have been satisfied through the growing period. The method has been
developed primarily for use in developing countries with rainfed agri-
culture. This method has not been used by NOAA primarily because of data
constraints, but it is included in this handbook as a potentially useful
method. As with the other indices discussed above, the index should be
tested to determine its information content and therefore, its applicabi-
lity and reliability for use in a specific area and country,

Conditionally inputs are necessary to determine the value of I, The
reader should consult Frere and Popov's report for specific applications
and conditions,

Before the index can be calculated, several definitions must be
outlined.

WR = Water requirement (mm)

= PET x kcj

where: PET = potential evapotranspiration as determined by one of
several methods,
(FAO Penman, Thornthwaite, Pan Evaporation Hargreaves, etc),
Monthly climatological records can be used to calculate
decadal values by interpretation

kcj = crop coefficient which is fixed for a given crop at
stage i (See Doorenbos and Pruitt, 1977},

WR = total normal water requirement for the crop season,

Pq = Actual precipitation (mm) for current decade d,
Rsq = Water reserve in soil for current decade d,
Rsq.1 = Water reserve in soil for previous decade d-1,

Pq - WR = Difference between rainfall and crop water requirement for
current decade, and
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SRC = Soil retention capacity (mm). This value is the available
soil water capacity and depends on the crop, rooting depth
and the physical properties of the soil. Frere and Popov
(1979) have suggested a fixed soil-water availability for a
crop and area because of the small water requirement during
the initial growth stage.

For example, in the Sahel for millet/sorghum, soil retention capacity

is 60 mm. In Nepal, for wheat, 240
cate, the values should be based on
available,

S

Surplus with moisture

D

Deficit with moisture
A surplus occurs when
after RSy = 0 and the
reserve,

The following equations may be
index I:

1. Water Reserve (Rs)

RSq = Rsq.) + Pq - WR
If Rsq_y1 is not known

RSy = Pd - WR.

2. Surplus/Deficit, (S/D)
If Rsq> SRC, Rsyq = SRC

mm is suggested. As the authors indi-

experimental results if they are

values > o,
values > o,

RSy >SRC and a deficit occurs only
water requirement exceeds the available

useful to develop algorithms for the

(as during the first decade),

Then S = (P, = WR + Rsy.; - SRC

If 0 < Rsq < SRC, S/D

=0

If Rsq = 0, D = Pd - WR + Rsy_,

3. Index (I)

Initial I = 100

[f S/D < 100, Id = Id-

1 + (S/D x 100)/ =R

Where ZWR is the cumulative crop season normal water

requirement.
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If 14 > 100, 14 = 100
If /0> 100, Iq = I4_q - 3.
A sample accounting record of the index is shown for one Sahelian
station, Dori, in Table 21 (modified after Frere and Popov, 1979),

Data Requirements

The following meteorological and agronomic data sets are necessary to
produce the water balance index, I.
1. Meteorological

For operational work, decadal (10-day) rainfall is necessary,

The normal rainfall for the periods can be estimated from monthly climatic
data. To estimate potential evapotranspiration, different data sets are
necessary, depending upon the method used. This could include one or more
of the following; solar radiation (or sunshine), temperature, wind, pan
evaporation, pressure, humidity,
2. Agronomic
Several kinds of data are necessary. These include the crop

calendar that includes the phenological stages of the growing season, This

in turn leads to an estimate of the crop coefficient for calculating water

requirements. The rooting depth of the crop can provide an estimate of the

available water capacity for the specific soil type. The soil retention

capacity is the maximum available water or the difference between field
capacity and wilting point, The value is used to determine whether a
surplus or deficit soil moisture condition exists.

Interpretation of the index I

From examples cited by Frere and Popov, the index was found to be
better correlated with grain yield than with total precipitation. Quan-

titative relationships have also been developed for selected countries
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using statistical regression analysis. The user, however, needs to conduct

proper tests before the system can be used for operational work.

Water Balance Index: Example

To illustrate the use of the water balance index I, the example

outlined by Frere and Popov (1977) for Dori in 1978 is used (See Table 19),

The following steps are used with the format outlined in the table:

l.

estimate decadal normal (average) rainfall (Pn) using actual
data or monthly averages. If monthly data are used, values
for decades must be interpolated.
estimate potential evapotranspiration (PET) by one of several
methods for which data are available, e.g., with Penman's
method PET for the third decade in June is 59 mm.
determine the crop calendar, and using the reference by
Doorenbos and Pruitt (1977) estimate the crop coefficients
(kc) for various decadal periods recognizing the time of the
various crop stages. For the third decade in June in the
crop developmental stage, kc is estimated at 0.3.
determine water requirement (WR) by multiplying PET with the
decadal crop coefficients e.g. 59 x .3 = 18 for the third
decade in June.
calculate Py - WR e.g. 58 - 18 = 40
calculate Rs for current decade. For the first decade, let
Rg = Pq - WR
Since the third decade in June is the first decade of the

season, Rg = 40,



TABLE 21.

1978 Cumulative Water Balance for Dori, Upper Volta

(Modified efter Frere and Popov, 1979)

May Jun Jul Aug Sep Oct
2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Pn 7 9 10| 14 20 25| 49 50 52| 63 65 61] 40 32 24 10 4 1
Pa 4 11 14| 23 18 58| 51 48 134 9 29 28| 15 32 6 0 3
dja 1 1 2 1 2 3 2 3 5 1 2 5 3 4 1 0 1
PET 75 78 80| 68 63 59| 59 57 59| 48 47 50| a7 50 52| 55 59 59
KC 0.3{0.4 0.5 0.8{1.0 1.0 1.0|/0.6 0.5
WR 18] 24 29 47| 48 47 50| 28 25 cWR = 318
Pa-HWR 40| 27 19 871-39 -18 -22|(-13 7
Rg 401 60 60 60| 21 3 0 0 7
S/D 0 5 19 87 0 0 -19( -13 0
I 100|100 100 100|100 100 94| 90 90
Pn = Normal rainfall WR = kc = water requirement
Pa = Actual rainfall Pa - WR = difference between
rainfall and water
requirements
da = Number of rain days Rs == Soil water reserve
PET = Normal Potential evapotranspiration S/D = Surplus/Deficit
KC = Crop coefficient I = Water balance Index

99
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Calculate the surplus or deficit condition using the
following algorithms:
a) 1f 0 <Rs < SRC, S/D =0

The soil retention capacity (SRC) is assumed to be 60 mm
for Dori. In the third decade of June, Rs lies between 0 and
60; therefore there is no surplus or deficit and S/D = 0,
b) If Rs > SRC, Rsy = SRC = 60

Then S = (Pa - WR + Rsy_y) - 60

In the example of first decade in July,

RSd = de-l + Pd - WR

40 + 51 - 24 = 67
Therefore, Rsq s set to 60

Now S (Pd - WR + de-l) - 60

67 - 60 = 7

Calculate I
The initial index is assumed to be 100 for the third decade

in June. In the first decade for July,

Ig = Ig-1 + (S/D x 100)/ZWR

100 + (7 x 100)/318 = 102.2
but if I4 > 100, I4 = 100,
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Application of Water Balance Index: Example at
Addis Ababa, Ethiopia 1972 and 1982

Two years are analyzed for Addis Ababa, Ethiopia, which is located in
the western region of the maize growing area (Table 22). Maize is usually
planted in May, the usual start of the rainy season., The PET was esti-
mated by the Penman method. The soil retention capacity was estimated at
175 mm with the area having a heavier clay content than the Sahelian zone.
The crop coefficient was estimated from the report of Doorenbos and Pruitt
(1977) and interpolated for decacal periods,

[n 1982, the decadal rainfall indicates sufficient moisture and indi-
ces of 100 from planting through harvest; this probably was a good produc-
tion year. However in 1972 very low rainfall in May probably delayed
planting until the third decade in May. June and July experienced some
stress even though there was some moisture reserve; these two months are the
critical months for maize are these two months that include the reproductive

period. Reduction in yield should have been expected in 1972,
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Table 22, Frere and Popov Water Balance Index
for Maize at Addis, Ababa
Maize
1982 May June July August September
1] 2] 31 1 2T 31 1T 2] 3 I 21 31 11 217 3
Pn 26 24 30 33 39 50 64 79 74 84 88 74 69 57 44
P4 48 67 Y d 14 14 73 s5q 136 61 114 83 3d 74 25
PET 41 42 38 35 33 32 33 31 32 38 32 32 33 33 34
kc A4 .4 .4 .4 .4 .91.01.11.1 99 .94 .4 .4 9 .4
WR 14 17 19 2§ 26 29 32 34 34 30 29 26 19 17 14 twr=370
Pq-WR 34 50 -14 -2 -d -14 41 164 102 3) 89 584 11 61 11
Rs* 34 82 64 34 28 13 54 74174179 179 179 179 179 175
S/D @0 4 4 a 4 4 dq q d Zq 89 54 11 61 11
I 10q 10Q 10q 109 109 104 10d 10G 10d 10d 100 10d 10d 10d 10d 104
* SRC = 175 mm
Maize
1972 May June July August September
1) 2] 31 1T 2T 31 IT 2T 31 IT 21 31 11 21 3
Pn 26 24 30 33 39 540 64 79 74 84 84 74 64 571 a4
Pq 3 19 22 14 33 99 74 73 87 37 59 47 66 44 19
PET 4y 42 38 39 33 33 32 31 34 31 39 34 34 33 34
ke 4 .4 .4 .4 .4 .91.d1.41.1{.99 .9 .4 .4 .9 .4
WR 14 17 19 28 26 29 32 34 34 3d 29 24 19 11 14 zwR=370
Pq-WR -13 -3 3-12 4 66 38 39 53 7 29 21 47 23 o
Rs* 4 4 3 d g 63101149 175 179 179 179 179 174 175
S/D -13 -4 4 -9 -3 4d 4 d 53 71 29 ZJ 47 23 9
I 100 94 99 99 93 92 93 94 o2 104 10d 10d 10d 10d 104 100
* SRC = 175 mm
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