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SYNOPSIS

The procedure outlines the statistical analysis of effective rainfall and explains the water
accounting simulation model of a water-soil-crop system. For the cultivation of an upland crop at any
given location in Peninsular Malaysia, the procedure provides the methodology to obtain the
following:-

(i) the preferred planting date

(ii) whether crop can be grown under rainfed conditions
(iii) the monthly crop water requirements
(iv) the monthly crop water deficits

(v) the probability of the day being ‘dry’ for each day of the year.

As the procedure is based on the statistical analysis of the past rainfall data, care should be taken
in the use of the results because of their stochastic nature.

Due to lack of precise information on crop water requirements under local conditions, data from

overseas publications have been used. However, this data could be replaced as and when local
experimental data are available.
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2.2

2.3

2.4

2.5

INTRODUCTION

General

The accelerated development of agriculture and industry has caused increasing water
demands which in turn has necessitated the optimisation of the use of water. As a first step
in optimisation, best use of rainfall should be made in agriculture. This was difficult to
achieve, due to lack of hydrometeorological data in a form suitable for use by planners,
designers and operational personnel in agricultural projects. An attempt is made here not
only to overcome this deficiency, but also to provide a methodology that optimises the use
of rainfall for the cultivation of upland crops.

Objective

The main objective of this procedure is to determine the likelihood that crop water
requirements can be satisfied wholly by rainfall and to determine monthly irrigation water
requirements in cases where rainfall is insufficient to meet crop demands. This procedure is
expected to provide information for the planners, at the planning stage of agricultural and
irrigation development. As large amount of data are available on wet padi crop cultivation,
this procedure will therefore be confined to the annual and biannual upland crops. It must
be emphasised here, that this procedure is confined only to the objective mentioned above
and does not include other aspects of agricultural planning such as market supply, farming
practises, economics, etc.

CROP PRODUCTION SYSTEM

General

Any crop production system consists of three main components namely crop, soil and
climate. Unlike factors related to soil and crop, factors related to climate cannot be easily
modified or controlled. The most important aspect of climate is rainfall. In tropical
countries a large portion of the water requirement for crop production is supplied by
rainfall.

In the following three sections, brief discussions on rainfall, soil and crop characteristics
pertaining to effective rainfall are given. Effective rainfall is defined as that which is useful
or useable in any phase of the crop production (FAO, 1974).

Rainfall Characteristics

The factors that are related to the usefulness of rainfall for crop growth are the amount,
intensity, frequency and distribution over area as well as time. A well distributed rainfall in
frequent light showers is more useful than rain in heavy downpours.

Soil Characteristics

Soil acts as a reservoir of moisture for crop growth but it has a definite and limited water
intake rate and holding capacity. The rainfall available for crop growth will therefore
depend on soil properties.

Crop Characteristics

The water requirement of any crop is influenced by the degree of ground cover, rooting
depth and stage of growth. Rainfall is most effective during the vegetative growth period.
However, it is less effective during flowering and pre-harvesting periods.

Anélysis of water-soil-crop system

"Two techniques are normally used for analysing the water-soil-crop system. One is the
statistical analysis of rainfall [Manning (1950), Kowal and Knabe (1972), Panabokke and
Walgama (1974), Coligado et al (1968)] and the other is the system simulation [Robertson (1970),
Wickham (1973), Richard and Fitzgerald (1972), Van den Eelaart (1972)]. As both these
techniques have been shown to be applicable in Malaysia [ Wycherley (1967) and Heiler (1973)]

1



3.2

they have been adopted in the procedure. Theory and application of these techniques are
described in the following sections.

STATISTICAL ANALYSIS OF RAINFALL DATA

General

The statistical analysis of rainfall data involves determining both the chance variation of
rainfall for specific times of the year and the variation of rainfall through the year. The chances of
the expected rainfall exceeding or falling short of a certain amount can be quantified and hence
the risk of having either too much or too little water for a specified crop could be determined.

In the analysis of rainfall data, two factors have to be defined. One is the unit interval of
time on which to base the analysis and the other is the portion of the rainfall that is
considered to be effective.

The unit interval of time depends on the sensitivity of the soil-crop system to periods of
moisture excess or deficit. As the procedure is confined to upland crops, it is assumed that there is no
water-logging in the cultivated areas due to rainfall and all excess water is drained by gravity. Hence
the unit interval of time would have to be based on the period of moisture deficit. The period of
tolerance of many upland crops to moisture deficit under local conditions is generally about one
week. Hence the unit interval of time chosen in the procedure is one week.

The second factor to be considered is the portion of rainfall that is effective. Rainfall
which is stored within the root zone is considered effective. Rainfall that evaporates before
reaching the crop or soil and that which contributes to drainage is not effective. A
comprehensive discussion of effective rainfall and methods of determining the portion of
total rainfall that is effective is given by FAO (1974). Of the methods reviewed, the empirical
approach is considered to be very practical and sufficiently accurate for application to
agricultural planning. Empirical methods generally assume a certain percentage of the total
rainfall to be effective, based on daily, monthly or seasonal totals. In this procedure daily
rainfall within the range of 5 to 50 mm is considered to be effective. This means that up to 50
mm of rain per day can be absorbed by the soil within the crop root zone (which for upland
crops chosen is about 0.6 metre), regardless of the antecedent soil moisture level. The
upper limit of 50 mm is suggested by Oldeman (1974) as being the effective soil moisture
capacitv for most upland soils in the tropics.

The greater the number of years of rainfall data used, the better the result will be and in
this regard, a minimum of 15 years is recommended.

Theory

The calendar year is divided into 51 weeks of 7 days, and one week of either 9 days for a
leap year or 8 days for a non-leap year, for the purpose of computing weekly rainfall
statistics. Year by year daily effective rainfalls are totalled for each week. For a particular
week, the effective rainfall totals of all the recorded vears are fitted with a probability
distribution by the method of least squares. The effective rainfall for a selected risk level is
computed from the theoretical distribution. A normal distribution is assumed since this has
been found to give a satisfactory fit to the observed rainfall data.

The method of fitting the normal distribution to the data follows that of Baier and
Russelo (1968) and is described as follows. To linearise the normal distribution the
following transformation is used:

X-U -
Z= v
where Z = normal random variable with mean
zero and variance 1.
X = sample value
U = sample mean

2



V =sample standard deviation
hence VZ=X -U
X=U+VZ ... (3.1

Equation (3.1) is solved for U and V by linear regression of the dependent variable X on the
independent variable Z. The value of Z for each sample value of X is computed as follows.
The sample values are arranged in increasing order of size, assigned a rank starting with 1
for the smallest value, and the cumulative probability computed from equation (3.2)

p__mM
TN+
where Pi = cumulative probability of value being X

(3.2)

N = total number of sample values
m = sample rank

For each Pi, the corresponding value of Z is found from the table of values for standard
normal distribution. Sample values of zero are discarded in the regression analysis since the
distribution is not considered for negative effective rainfall.

The method is illustrated for week 6 (Feb. 5th—11th) at D.I.D. Rainfall Station number
1632095, having rainfall records for the period 1950 to 1975. The weekly effective rainfalls for
each year, weekly effective rainfalls in ascending order, the cumulative probabilities and the
corresponding Z values are given in Table 3.1. The sample values and the fitted regression line are

Table 3:1 Rainfall Analysis

for week 6
at D.I.D. Station Number 1632095

Effective Effective Rainfall Cumulative Normal

Year Rainfall (mm) in ascending Rank Probability Random
(mm) order M Pi( %) variable Z

1950 50 0 1 — —
1951 13 0 2 — —
1952 88 0 3 — —
1953 43 0 4 — ——
1954 15 7 5 19 -0.88
1955 96 12 6 22 —-0.77
1956 96 13 7 26 ~0.64
1957 46 15 8 30 —-0.52
1958 26 15 9 33 —-0.44
1959 12 18 10 37 —-0.33
1960 15 21 11 41 —0.23
1961 71 26 12 44 ~0.15
1962 7 26 13 48 —0.05
1963 28 28 14 52 0.05
1964 76 28 15 56 0.15
1965 26 43 16 59 0.23
1966 28 46 17 63 0.33
1967 0 50 18 67 0.44
1968 21 50 19 70 0.52
1969 0 63 20 74 0.64
1970 63 71 21 78 0.77
1971 0 76 22 81 0.88
1972 18 88 23 85 1.04
1973 50 90 24 89 1.23
1974 0 96 25 93 1.48
1975 90 96 26 96 1.76
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3.3.1

shown in Fig. 3.1. The probability of the week being dry, is obtained by reading the value at the
point where the regression line meets the x-axis (this value could be verified with the value given
for week 6 in Table 3.3).

The effective rainfall for probability levels of 109 to 909 in steps of 10%, for each week are
listed in Table 3.3. A computer programme (TPSTAT) has been prepared to analyse daily rainfall
data by the above method. A listing and explanation of the programme are given in Appendix A.

Application

General

The analytical technique described in section 3.2 gives the weekly effective rainfall that can be
expected for a specified risk level and the risk of the week being dry for any week of the year. Crop
water requirements can be estimated using evaporation data and crop factors for any location in
Peninsular Malaysia (please see section 4.2.1).

The planner’s primary concern is to find out whether the rainfall could fully satisfy the water
requirements of a selected crop, in an area selected for development, for a given risk level. The
following steps should be followed to get this information:

(i)  Select rainfall station in or around the area chosen for development, having long
continuous daily rainfall records (a minimum of 15 years of records is recommended). The
selection must be done so that the chosen rainfall station is representative of the area.

(ii) Run TPSTAT programme for the selected rainfall station.

(iii)  Select from Table 3.2 the recommended rainfall probability level for the crop to be grown.

(iv)  From the output of programme TPSTAT, plot on graph paper weekly effective rainfalls
for the probability level chosen in (iii). If probability level chosen is 80 %, then also plot
weekly effective rainfall for probability of 60 %.

(v)  Select evaporation station in or around the area chosen for development. The selected
station must be representative of the area. If such a station does not exist a map of
grassland evaporation for Peninsular Malaysia [Scarf (1976)] can be used and annual
value interpolated for the location of the area. Using annual grassland evaporation value

Table 3.2: Recommended Rainfall Probability Levels
(809, and 60%,) for Upland Crops

PROBABILITY LEVEL
809, 609
Cabbage Maize
Lettuce Soyabean
Cucumber Sorghum
Tomato Groundnuts
Mustard (Sawi) Tapioca
Water Melon Pineapple
Tobacco Sweet Potato
Long Beans Sugarcane
Onion Ginger
Brinjal
Chilli
Ladies Finger

Note: This table is based on the cost of production and
sensitivity to moisture stress and is only a general
guide.



(obtained for chosen evaporation station or by interpolation) and crop coefficients (Table
C.1), determine weekly crop water requirements.
(vi)  Plot this crop water requirement on graph paper on the same- scale as that of weekly
effective rainfalls as in (iv).
(vii))  Transfer the plotting done in (vi) to a tracing paper.
(viii)  Match the plot on the tracing paper with that obtained in (iv), such that the best fit is
obtained. The planting and harvesting dates can then be read off from (iv).

3.3.2 Worked Examples

3.3.2.1 Example 1

To determine whether (a) lowland cabbage, (b) maize (grain), (c) groundnuts, can be grown in
Batu Pahat area in West Johore (Latitude 1° 40’ 20”N, Longitude 103° 15’ 00”E) under rainfed
conditions and select the suitable planting dates.

(a) lowland cabbage

Step 1. Selection of rainfall station

Using “Hydrological Data, Rainfall Records for Peninsular Malaysia 1970-1975” (D.1.D.,
1977), D.L.D. rainfall station at Parit Bantang Duku, Batu Pahat (station number 1632095)
having continuous daily rainfall records from 1950 to 1975 is chosen.

Step 2. Running of programme TPSTAT

TPSTAT programme is run using daily rainfall records for the station (please see Appendix A
for details). The output obtained is shown as Table 3.3.

Step 3. Selection of rainfall probability level
From Table 3.2, the rainfall probability level for lowland cabbage is 80 9.

Step 4. Plotting of weekly effective rainfall
Weekly effective rainfalls for 80 % and 60 ¢ levels corresponding to weeks 1 to 52 are obtained

from Table 3.3 and plotted on a graph paper (number of weeks on x-axis and effective rainfall on
y-axis).

Step 5. Calculation of weekly crop water requirements

Using D.1.D. Water Resources Publication No. 5 (Scarf, 1976) the nearest evaporation station
at Parit Botak (station number 130) is selected. From Table 4.1 the mean annual grassland
evaporation for this station is 1388 mm.

Weekly grassland evapotranspiration is 1388/52 = 26.7 mm. From Table C. 1, for cabbage the
following time ratios of crop and corresponding crop coefficients are obtained:

Time ratio of crop Crop coefficient
0.00 0.64
0.63 0.95
0.88 0.95
L 1.00 0.80

Crop duration is 80 days (Table C.1)

The number of days corresponding to the time ratios of the crop are obtained by multiplying
them by the crop duration (80 days) and are converted to weeks by dividing by 7 and rounding up.
The weekly crop water requirements are obtained by multiplying the corresponding crop

6
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coefficients by the weekly grassland evapotranspiration (26.7 mm). The converted number of
weeks and the corresponding water requirements are given below:

Age of cabbage Water requirement
(weeks) (mm)
0 17
7 25
10 25
11 21

The water requirements for weeks in between those given above are obtained by linear
interpolation.

Step 6. Plotting of weekly crop water requirements

The weekly water requirements of lowland cabbage are plotted on a graph paper to same scale
as the plot in step 4.

Step 7. Transferring to tracing paper
The plot obtained in step 6 is transferred to a tracing paper.

Step 8. Matching of plots

The tracing from step 7 is superimposed on the plot from step 4, such that the best fit is obtained
with the 80 %; effective rainfall probability level. It is important to ensure that the 80 % effective
rainfall at least satisfies the water requirements of the initial and development stages (please see
Fig. 4.2) of lowland cabbage.

The best fit for lowland cabbage using rainfall records of station no. 1632095 is shown in Fig.
3.2

It can be observed from Fig. 3.2, that the water requirements of the initial and development
stages of cabbage are generally satisfied by the 809 probability level. However, the 609
probability level over satisfies the water requirement for both these stages and generally satisfies
the water requirement for the mid and late seasons.

Hence, it is possible to grow lowland cabbage in Batu Pahat area under rainfed conditions.
The planting date from Fig. 3.2 is the beginning of 11th week i.e. 11th March.

(b) maize (grain)

The rainfall probability level for maize (grain) is 60 % (Table 3.2). The time ratios of the crop
and corresponding crop coefficients obtained from Table C.1 are given below:

Time ratio of crop Crop coefficient
0.00 0.64
0.44 1.05
0.76 1.05
1.00 0.55

Crop duration is 110 days (Table C.1)
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The number of weeks corresponding to the time ratios of crop and water requirements are
given below:

Age of maize Water requirement
(weeks) {(mm)
0 17
7 28
12 28
16 15

The best fit for maize using rainfall records of D.1.D. station number 1632095 is shown in Fig.
3.3.

It is possible to grow maize (grain) in Batu Pahat area under rainfed conditions.
The earliest planting date from Fig. 3.3 is the beginning of the 5th week i.e. 29th of January.

Note: Thecrop canalso be planted any time between 5th and 8th week and also at the beginning
of 39th week.

(c) groundnuts

The rainfall probability level for groundnuts is 60 %, (Table 3.2). The time ratios of the crop and
corresponding crop coefficients obtained from Table C.1 are given below:

Time ratio of crop Crop coefficient

0.00 0.64
0.46 0.95
0.81 0.95
1.00 0.55

Crop duration is 110 days (Table C.1)

The number of weeks corresponding to the time ratios of the crop and water requirements are
given below:

Age of groundnuts Water requirement
(weeks) (mm)
0 17
7 25
13 25
16 15

The best fit for groundnuts using rainfall records of D.I.D. station number 1632095 is shown in
Fig. 3.4.

It is possible to grow groundnuts in Batu Pahat area under rainfed conditions.
The earliest planting date from Fig. 3.4 is the beginning of 5th week i.e. 19th of January.

Note: The crop can also be planted anytime between 5th and 8th week and also at the beginning
of 39th week.

10
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3.3.2.2 Example 2

To determine whether (a) water melon, (b) maize (grain), (c) groundnuts, can be grown in
Endau area (Latitude 2° 36’ 35”N, Longitude 103° 37’ 50”E) under rainfed conditions and select
the suitable planting dates.

(a) Water Melon

Following the same procedure as in Example 1, TPSTAT programme is run using daily rainfall
records of D.I.D station number 2636169 (please see Table 3.4). Adopting the grassland
evaporation data for evaporation station number 2636370, the water requirement curve for water
melon is superimposed on the weekly effective rainfall graph. The best fit is shown in Fig. 3.5.

It can be observed from Fig. 3.5, that the water requirements of the initial and development
stages of water melon are generally satisfied by the 80 % probability level. The 60 9, probability
level over satisfies the water requirement for both these stages and generally satisfies the water
requirement for the mid and late seasons.

Hence it is possible to grow water melon in Endau area under rainfed conditions.
The planting date from Fig. 3.5 is the beginning of 43rd week i.e. 22nd October.

Note: The crop is not normally grown in this area during the period suggested, because of the
monsoon which frequently causes crop damage. However the crop is often planted from the 12th
week. This planting date is based on 609, probability level.

(b) Maize (grain)
The best fit for maize is shown in Fig. 3.6.

This shows that it is possible to grow maize (grain) in Endau area under rainfed conditions.
The planting date from Fig. 3.6 is the beginning of the 17th week i.e. 23rd April.

Note: Although the water requirement of the crop can be met from 36th week onwards, this
crop is not recommended for this period because of the monsoon.

(c) Groundnuts
The best fit for groundnuts is shown in Fig. 3.7.

This shows that it is possible to grow groundnuts in Endau area under rainfed conditions.
The planting date from Fig. 3.7 is the beginning of the 17th week i.e. 23rd April.

Note: Although the water requirement of the crop can be met from 36th week onwards, this
crop is not recommended for this period because of the monsoon.

3.3.2.3 Example 3

To determine whether (a) tobacco, (b) maize (grain), (c) groundnuts, can be grown in Kuala
Brang area (Latitude 5° 04’ 15"N, Longitude 103° 00’ S0”E) under rainfed conditions and select the
suitable planting dates.

(a) Tobacco

Following the same procedure as in Example 1, TPSTAT programme is run using daily
‘rainfall records of D.I.D. station number 5030039 (please see Table 3.5). Adopting the
grassland evaporation data for evaporation station number 0482, the water requirement
curve for tobacco is superimposed on the weekly effective rainfall graph. The best fit is
shown in Fig. 3.8.
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TABLE 3.4: OUTPUT OF PROGRAMME TPSTAT FOR D.|.D. STATION NUMBER 2636163
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TABLE 3.5: OUTPUT OF PROGRAMME TPSTAT FOR D.I.D. STATION NUMBER 5030039
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4.2

It can be observed in Fig. 3.8, that the water requirements of tobacco is completely
satisfied by the 80 ¢/ effective rainfall except during the 40th week and 45th week. However,
the 60 9; probability level over satisfies the water requirement of tobacco.

Hence it is possible to grow tobacco in Kuala Brang area under rainfed conditions.
The planting date from Fig. 3.8 is the beginning of 34th week i.e. 20th August.

Note: The cropisnot normally grown in this area during the period suggested, because of
the monsoon which frequently causes crop damage. However, the crop is often planted from
the 18th week. This planting date is based on 609, probability level.

(b) Maize (grain)
The best fit for maize is shown in Fig. 3.9. This shows that it is possible to grow maize
(grain) in Kuala Brang area under rainfed conditions.

The planting date from Fig. 3.9 is the beginning of 18th week, i.e. 30th April.

Note: Although the water requirement of the crop can be met anytime after the 18th week,
it is not recommended to be grown during the monsoon period.

(¢) Groundnuts

The best fit for groundnuts is shown in Fig. 3.10. This shows that it is possible to grow
groundnuts in Kuala Brang area under rainfed conditions.

The planting date from Fig. 3.10 is the beginning of 18th week i.e. 30th of April.

Note: Although the water requirement of the crop can be met anytime after the 18th week,
it is not recommended to be grown during the monsoon period.

WATER-SOIL-CROP SIMULATION MODEL

General

Simulation of the water-soil-crop system is basically a water budgeting procedure in
which rainfall is added to a storage component and evapotranspiration and drainage are
subtracted according to certain rules. The simulation model may be run with or without
irrigation input to simulate irrigated or non-irrigated situations respectively. The output
from the model is analysed statistically on a monthly basis. The simulation technique is very
useful for agricultural planning in that the model output can provide such information as the
magnitude of crop water deficits, the number of drought days, the number of irrigation
applications required and the corresponding amount of irrigation water to be supplied to the
crop.

The Model

A conceptual model of the water-soil-crop system is shown in Fig. 4.1. The model uses a
daily water balance approach to determine the change in soil moisture status resulting from
daily rainfall and crop evapotranspiration.

In the model, rainfall is added to the soil moisture statys existing at the end of the

- previous day. If the soil moisture storage capacity is exceeded the excess is regarded as a

combination of surface and subsurface drainage and the soil is regarded as saturated within
the effective rooting depth of the crop. The amount of crop evapotranspiration, which is

~ related to the degree of soil saturation, is then subtracted from the new soil moisture value to yield

the day’s final soil moisture status. If the soil moisture status falls below a certain critical level a
drought day is defined and an irrigation input is scheduled. In such a case sufficient irrigation
water is applied to restore the soil to storage capacity.
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4.2.1

Apart from rainfall input the other two main components of the model are soil moisture
storage and evapotranspiration. The development of crop evapotranspiration rates is explained
in paragraph 4.2.1 and the soil moisture model is detailed under paragraph 4.2.2.

Crop Evapotranspiration

4.2.1.1 Introduction

In any study of crop water requirements one of the major problems is to estimate actual
crop evapotranspiration. For this study, the formulae of Penman or Hargreaves, or
evaporimeter data are used to estimate the reference crop evapotranspiration (ETO). This
reference value, ETO, is defined as ‘“‘the rate of evapotranspiration from an extended
surface of 8 to 15 cm tall green grass cover of uniform height, actively growing, completely
shading the ground and not short of water” (FAQ, 1975). To account for the effect of
individual crop characteristics on crop water requirements, crop coefficients are required to
relate ETO to crop evapotranspiration.

4.2.1.2 Method

Climate is the most important factor determining the amount of water lost by
evapotranspiration from crops. Evapotranspiration for a given crop is also determined by
the crop itself and its growth characteristics. To calculate the crop evapotranspiration the
approach adopted in “FAO Irrigation and Drainage Paper No. 24: Crop Water
Requirements” (1975) is used since it is the most comprehensive and up-to-date publication
on this subject. The FAQ approach is to relate magnitude and variation of
evapotranspiration to climatic factors to obtain evapotranspiration values for a grass cover
reference crop.

On the basis of available climatic data for Peninsular Malaysia, Radiation and modified
Penman’s methods (FAO, 1975) were used to calculate ETO values. The values obtained
were compared with those obtained by Scarf (1976) who used Penman’s and Hargreaves’
formula as well as evaporimeter records in his study of evapotranspiration in Peninsular
Malaysia. It was found that values of ETO obtained using Penman’s and Hargreaves’
Methods gave better correlation with the pan evaporimeter data than the Radiation and
modified Penman’s methods. Hence Scarf’s ETO values were utilised in this study.

These values of ETO are related to the crop evapotranspiration by the following
equation:

ET(Crop) =K x ETO ... .. . . .. (41

where, K is the crop coefficient

ET (Crop) is “‘the potential evapotranspiration of a disease-free crop, growing in a large
field (one or more hectares) under optimal soil conditions including sufficient water and
fertility and achieving full production potential of that crop under the given growing
environment”’(FAQ, 1975).

4.2.1.3 Spatial variability of ETO

As shown in paragraph 4.2.1.2, ET(Crop) is a function of both K and ETO. Scarf (1976) has
computed ETO values for 100 climatological and US class A (black painted) pan stations
throughout Peninsular Malaysia and these values are presented in Table 4.1. In his study Scarf
found that maximum evapotranspiration occurs along the foothills of the mountain blocks and

~ decreases towards the coast and that evapotranspiration also decreases markedly with increasing

elevation.Because of such spatial variations in grassland potential evapotranspiration it is
necessary to adopt monthly ETO data from the nearest climatological or US class A (black
painted) pan station for calculation of ET(Crop) values.

The daily values of ETO in each month are obtained by dividing the monthly value by the
number of days in that month.
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4.2.1.4 Crop coefficients (K)

Factors affecting the value of the crop coefficient K are mainly the crop characteristics,
planting date, growth stages, length of growing season and climatic conditions. During the early
growth stage of the crop, the frequency of rain or irrigation is also of particular importance.

Crop characteristics are a major factor in the relationship between ET (Crop) and ETO. The
variations in characteristics between major groups of crops are due to differences in plant
mechanisms for resisting transpiration, in crop heights, in crop roughness and reflection, and in
crop ground cover. The crop planting date will affect the length of the growing season, the rate of
crop development to full ground cover and onset of maturity.

ET (Crop) is the sum of transpiration by the crop and evaporation from the soil surface. During
full ground cover, evaporation is negligible. However during the early growing period,
evaporation from the soil surface may be considerable, particularly when the soil surface is wet
for most of the time. Hence there is a great range of K values during early season growth due to
alternating dry and wet soil surface conditions. The method used to estimate K during this period
is a modification of the suggested approach outlined by FAO (1975), and is discussed in Appendix
C4.

4.2.1.5 Adopted crop coefficient values
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Although considerable crop development and production research is currently being
carried out in Malaysia there appears to be little or no published data on crop coefficients
and evapotranspiration of local upland crops. A detailed review of local and overseas
literature yielded very little useable data on tropical and sub-tropical crop water
requirements. In view of this it was decided to use the crop coefficient values compiled by
FAO (1975) for various field and vegetable crops. In that publication the growing season is
divided into 4 stages—initial, crop development, mid-season and late season—and the crop
coefficient curve is simplified to 4 straight lines (Fig. 4.2). For this study four characteristic
points (Fig. 4.2) were chosen to represent this curve for input into the computer programme
TSMAY. A detailed description of the data processing of these crop coefficient curves is
given in Appendix C.

Daily Water Balance

Having developed the daily pattern of potential crop evapotranspiration the remaining
component to be considered is the soil moisture storage. Once this is defined the daily water
balance model can be operated.

The soil moisture storage component in the model represents the effective soil moisture
storage capacity which is the maximum volume of water that can be stored within the crop
root zone and that is available to the crop. The water held in the soil at moisture levels
higher than field capacity and lower than permanent wilting point is considered to be not
available to the crop. Field capacity is defined (Veihmeyer & Hendricksen, 1933) as the soil
moisture at 1/3 bar* and the permanent wilting point as the soil moisture at 15 bar (Richards &
Weaver, 1943). Strictly speaking the permanent wilting point is a function of both the crop and soil
type but for the purposes of this study it is defined as a function of the soil type only. For sandy
soils the field capacity might be justly defined as the soil moisture at 1/10 bar (USBR, 1948).

By subtracting the soil moisture level at permanent wilting point from that at field
capacity the water holding capacity of the soil is obtained. Values of water holding capacity
for a number of common Peninsular Malaysian soil series are listed in Table 4.2. It should be noted
that no attempt has been made in this procedure to match crop type with the soil type and therefore

‘expert advice should be sought as to which crops are suitable for growing in the given soil.

To calculate the effective soil moisture storage capacity, the available water holding

. capacity is multiplied by the effective rooting depth of the crop. Although, the effective rooting

depth depends on the type of crop, soil type and other factors, a value of 0.6 metre has been adopted in

*one bar equals the pressure exerted by a 1000 cm water column
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the procedure. If, however, a precise value of the effective rooting depth can be obtained, then this
value can be used as input (please see para C.2).

Table 4.2: Available Water Holding Capacity
Values for some Peninsular Malaysia Soils

. o Available Water Critical Soil
Field Wilting . . .
Soil Serics Soil Type Capacity point Holding Capacity | Moisture Level
Defined at | Defined at (mm/metre.: depth (mm/metrf: depth
of soil) of soil)

AKOB fine sandy

loam 1/3 BAR 15 BAR 204.0 102.0

BATU ANAM silty clay 1/3 BAR 15 BAR 77.6 38.8
BUNGOR fine sandy

clay loam 1/3 BAR 15 BAR 135.9 67.9

CHEMPAKA silty clay Salter-Williams Formula 1967 172.8 86.4

DURIAN clay loam 1/3 BAR 15 BAR 105.6 52.8

HARIMAU sandy loam 1/3 BAR 15 BAR 143.0 71.5

HOLYROOD loamy sand 1/3 BAR 15 BAR 100.9 50.5

JEMPOL clay 1/3 BAR 15 BAR 135.0 67.5

JERANGAU sandy clay 1/3 BAR 15 BAR 81.3 40.7

KIAU clay 1/3 BAR 15 BAR 38.0 19.0

KULAI clay 1/3 BAR 15 BAR 97.3 48.7

LANGKAWI silty clay 1/3 BAR 15 BAR 45.5 22.8

LUNAS sandy clay 1/3 BAR 15 BAR 46.1 23.1
LUNDANG sandy clay

loam Salter-Williams Formula 1967 168.4 84.2

MELAKA clay loam 1/3 BAR 15 BAR 108.6 54.3

MANIK clay loam 1/3 BAR 15 BAR 94.7 47.4

MASAI clay 1/3 BAR 15 BAR 99.5 49.8

MUNCHONG | siltyclayloam | 1/3 BAR 15 BAR 150.0 75.0

POHOI clay 1/3 BAR 15 BAR 134.7 67.3
RENGAM sandy clay

loam 1/3 BAR 15 BAR 133.5 66.8

SEGAMAT clay 1/3 BAR 15 BAR 52.5 26.3

SELANGOR clay 1/3 BAR 1S BAR 353.0 176.5

SENAI clay 1/3 BAR 15 BAR 103.1 51.6

SERDANG sandy loam 1/3 BAR 15 BAR 374 18.7

SITIAWAN silty loam 1/3 BAR 15 BAR 113.6 56.8

SOGOMANA silty clay 1/3 BAR 15 BAR 83.3 41.7

TAI TAK clay loam 1/3 BAR 15 BAR 71.4 35.7

TAMPOI sandy loam 1/3 BAR 15 BAR 21.4 10.7
"TELEMONG fine sandy

loam Salter-Williams Formula 1967 147.5 73.8

TOK YONG clay loam Salter-Williams Formula 1967 1484 74.2
ULU TIRAM sandy clay

loam 1/3 BAR 15 BAR . 60.4 30.2

YONG PENG clay 1/3 BAR 15 BAR 126.9 63.4

"(The above information is a summary of data obtained from a number of different publications and also
from personal communications)
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CALL TMODEL

SM;= SMHo RAIN;

IS

SM; < SMAX
2

NO

SM; = SMAX

EX; = SMj ~SMAX

AE;= PE;«(1-(1-SM;/SMAX )2)
SMi= SMrAE;
DEFlTi = PEi'AEi

IRRIGATION

INPUT
?

IS

YES s < ScRIT >NO ‘ YES
2

DEFINITION OF SYMBOLS :-
RAlNi = Rainfall on day i .
SM;_, ‘= Soil moisture status at the end of the previous day.

SM; = Soil moisture status on day i.
" SMAX = Effective soll moisture storage capacity.

SCRM = Critical soil moisture level.

EX; = Water excess on day i.
PE; = Potential evapotranspiration on day i .
AE. = "Actual evapotranspiration on day i .

|
DEFIT, = Water deticit on day i .

WIR, = Amount of irrigation water applied on day i.
NIR = integer variable which returns one if an irrigation application is made and zero otherwise.
NSMS = Integer variable which returns soil moisture status at end of day - one for drought day,zero otherwise.

WIR, = SMAX - SM, '
SM; = SMAX FR =0 NSMS = 1 [Nsus
NIR =1
4 4
> RETURN
]

FIG. 4,3 : SIMPLIFIED FLOW CHART OF THE DAILY WATER BALANCE MODEL




A simplified flow chart of the model operating procedure is shown in Fig. 4.3. Firstly the
day’s rainfall (RAIN) is added to the soil moisture status existing at the end of the previous
day. The soil moisture level is then tested against the effective soil moisture capacity
(SMAX). If it exceeds the defined capacity then a water excess (EX) is defined which is a
combination of surface and subsurface drainage, and the soil (within the effective rooting
depth of the crop) is regarded as fully saturated. Having thus defined the soil moisture level
following the rainfall input, the model now reduces the soil moisture level by subtracting the
evapotranspiration component.

The evapotranspiration component of the model assumes a non-linear rate of
evapotranspiration which is dependent on the soil moisture level. This is in accordance with
current theory that as the soil moisture level drops it becomes increasingly difficult for the
plant to extract water. The equation expressing the relationship between
evapotranspiration and soil moisture is:

AE =[1—(1 — S/SMAX)*]PE 4.2)
where AE = daily actual evapotranspiration
S = soil moisture status
SMAX =effective soil moisture storage capacity

PE = daily potential evapotranspiration

The boundary conditions are AE equal to zero when S is zero, and AE equal to PE when S
equals SMAX. The potential evapotranspiration is the maximum rate of
evapotranspiration when there is no moisture stress in the soil. If there is no irrigation input
the final soil moisture status for the day is defined by subtracting the actual
evapotranspiration (AE) from the rainfed soil moisture level.

When simulating irrigated conditions, irrigation (WIR) is applied to bring the soil
moisture level back to field capacity when the moisture level drops to a critical percentage of
the effective soil moisture storage capacity, SMAX. This is the critical soil moisture level,
SCRIT below which crop yield would be affected. Hagan and Stewart (1972) compiled a
comprehensive list of allowable soil moisture depletion levels of different crops. However,
for this study a single SCRIT value of 509, x SMAX has been adopted for all soil-crop
combinations. This value is commonly used by irrigation engineers.

The drought day is defined as a day on which soil moisture is below the critical soil
moisture level (SCRIT).

Water deficit is defined as the additional water required for the crop to transpire at a
potential rate with zero moisture stress. This is expressed as:
DEFIT=PE-AE. .. ... .. .. .. (43)
where DEFIT = water deficit.

In this study the model output is being analysed on a monthly basis and consists of:-

(a) Monthly summary of daily water balance (Table 4.3)
(b) Frequency of drought days for each month of the year (Table 4.4)

(c) Monthly crop water deficits for specified probability levels
(Table 4.5)

- (d) Frequency of irrigation required for each month of the year
(Table 4.6)

A computer programme TSMAY has been prepared to do the simulation and statistical
analysis. A listing and description of the programme is given in Appendix B.

31



[43

YFAR

iNR
iea
¥ RS
1954
VY
TSR
Ao
i A0D
T9AT
T
ERZ 0]
1944
1965

PAR
TR
iR70
i971

V977
9T
1974

RATN
(M)

i
376
154

@7
90
04
125
e

kad

74
147
el

S5
174
iRR

TABLE 4.3: SAMPLE OUTPUT FROM PROGRAMME TSMAY

FUARPOTROANS

(i

TARDTANNTIIONERDN L IONDI- QW

>

[ =taqemy -

NRATNAGF

(M

109,

Ry,

FaTt v

AANEHY

CROF WATER
NEFIETT (MM

Py

P

u
R ol N RN NERRLE N R SN . N SN

NS = 0P NQ

"

BNNIDINNITINWNPNLCR

Fi O

NROLH
nays

Frike )

TRRTGATTON

(M)

TRETGAT TON
AL TUATI IS

[»]
0

ST MOTST R
STATUSE MM

76,

&

70.
AR
Th,
71,

77

T
45
43,

70

W= o N R

sl

on

kd
2

MONTHL Y WATHR
PAL ANCE (M)




33

TABLE 4.4: SAMPLE OUTPUT FROM PROGRAMME TSMAY
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TABLE 4.5: SAMPLE OUTPUT FROM PROGRAMME TSMAY
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APPLICATION TO AGRICULTURAL PLANNING

The water-soil-crop system can be simulated over the period for which records are available for
any soil and crop type. The water deficit and the drought days over a month provide a measure of
the magnitude and duration respectively of agricultural drought for a particular soil-crop
combination. Hence the severity of agricultural drought for a specified risk level can be assessed.
Knowing the soil and crop characteristics it can be estimated whether rainfall is sufficient to
satisfy crop water requirements and the month of the year that certain agricultural activities are
favoured.

If irrigation is required, the analysis of irrigation frequencies provides information on the
amount of irrigation water that is needed for a given risk level. This is extremely important since
the adequacy of available water resources to meet this demand must be determined in the
planning stages.

TSMAY is the computer programme which simulates the water-soil-crop system. Since the
programme is designed to analyse either the severity of agricultural drought or the required
frequency of irrigation, it is desirable that the most suitable planting date be chosen, such that the
crop water requirements are satisfied as much as possible by the rainfall pattern. That is, the
planting date developed from the TPSTAT analysis (paragraph 3.3) should be used as input into
TSMAY. It should be noted that this analysis is only concerned with satisfying the water
requirements of the crop and assumes that there is adequate drainage. It does not take into account
the effect of prolonged excessive rainfall. For example, crops such as tobacco and leafy vegetables
are particularly sensitive to heavy rainfall at harvest time.

The running of programme TSMAY, as supplementary to TPSTAT, involves the following
steps:

(i) The rainfall station and length of records as used in TPSTAT are utilised again.

(i) The monthly grassland potential evapotranspiration data for the same evaporation
station chosen for the TPSTAT analysis is used (paragraph 3.3.2).

(iii) The values of available water holding capacity and critical soil moisture level have to be
obtained by testing the soil of the locality. If this is not possible the values may be obtained
from Table 4.2.

(iv) Using the planting dates obtained from the TPSTAT analysis (paragraph 3.3.2), a crop
pattern can be determined. This crop pattern must not exceed one calender year, that is,
366 days.

(v) The above data is prepared on punch cards and the programme TSMAY is then run as
outlined in Appendices B and C. TSMAY should be run first without irrigation input to
determine the severity of agricultural drought under rain-fed conditions. This will indicate
whether irrigation is needed since irrigation is scheduled whenever a drought day is
defined.

(vi) TSMAY output includes the following:

(a) annual crop coefficient pattern (Table C.2)

(b) monthly summary tables of daily water balance (Table 4 3)

(c) totals of rainfall, irrigation, drainage and evapotranspiration for the period of
analysis

(d) frequency analysis of monthly drought days (Table 4.4) and of monthly crop water
deficit (Table 4.5)

(vil) TSMAY can be run a second time using the irrigation input to carry out a frequency
' analysis of monthly irrigation applications. The output includes (a), (b) and (c) as outlined
in Step (vi) while (d) is the frequency analysis of monthly irrigation applications (Table
4.6).
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5.1
5.1.1

Worked Examples
Example 1

To determine the extent of monthly crop water deficit and frequency of monthly drought days
for Lowland cabbage cultivated in Batu Pahat area, Western Johore (Latitude 1 40" 20"N,
Longitude 103 15 00"E).

Step 1. As for the TPSTAT analysis (Example 1, 3.3.2.1) the same rainfall records of D.1.D.
rainfall station number 1632095 at Parit Bantang Duku, Batu Pahat are used.

Step 2. As for the TPSTAT analysis (Example 1, 3.3.2.1) evaporation station number 130 at
Parit Botak is used to provide the monthly grassland potential evapotranspiration data.

Step 3. With reference to the Reconnaissance Soil Map of Peninsular Malaysia (1968) the
Selangor series of soil (Table 4.2) is selected as the representative soil in the Batu Pahat area.

Step4. From the TPSTAT analysis results (Example 1, 3.3.2.1) the recommended planting date
is 12th March.

Step5. Asoutlined in Appendix B and Appendix C (C.3) the above evapotranspiration, soil and
crop data are punched on computer cards. The punched format of the cards is shown in Table 5.1.
Programme TSMAY is run first without irrigation input.

Step 6.  TSMAY output are as follows:-

(a) model parameters printout (Table 5.2).

(b) twelve monthly summary tables of daily water balance
(typical monthly summary, Table 5.3).

(¢) frequency analysis of monthly crop water deficit (Table 5.4).

(d) monthly drought days (Table 5.5).

Tables 5.4 and 5.5 reveal that the combination of suitable distribution of rainfall and the very
high water holding capacity of the Selangor soil series has resulted in negligible monthly crop

water deficits and nil drought days. There is thus no need to run TSMAY under irrigation input
since the crop appears to be completely satisfied by the local rainfall.

Example 2( A)

To determine the extent of monthly crop water deficit and frequency of monthly drought days
for groundnuts cultivated in the Endau area, Pahang Tenggara (Latitude 2 36’ 35"N, Longitude
103° 37" 50"E).

Step 1. As for the TPSTAT analysis (Example 2, 3.3.2.2) the same rainfall records of D.I.D.
rainfall station number 2636169 at Endau Agricultural Centre, Endau are used.

Step 2. As for the TPSTAT analysis (Example 2, 3.3.2.2) evaporation station number 2636370
at Endau is used to provide the monthly grassland potential evapotranspiration data.

Step 3. With reference to the Reconnaissance Soil Map of Peninsular Malaysia (1968) the
Rengam series of soil (Table 4.2) is selected as the representative soil in the Endau area.

Step4. From the TPSTAT analysis results (Example 2, 3.3.2.2) the recommended planting date
is 23rd April.

~ StepS5. Asoutlined in Appendix B and Appendix C (C.3) the above evapotranspiration, soil and

crop data are punched on computer cards. The punched format of the cards is shown in Table 5.6.
Programme TSMAY is run first without irrigation input.
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TABLE 5.2: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 1
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TABLE 5.4: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 1
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TABLE 5.5: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 1
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E.D.P. Section,

Hydrology Branch,
D.1.D. Hesdquarters. TABLE 5.6 CODING FORM
L—JCK, KL
PROGRAM TSMAY PUNCHING IGRAPmc PAGE OF
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Step 6. TSMAY output are as follows:-

(a) twelve monthly summary tables of daily water balance
(typical monthly summary, Table 5.7).

(b) frequency analysis of monthly crop water deficit
(Table 5.8).

(¢) monthly drought days (Table 5.9).

Tables 5.8 and 5.9 show that the crop water requirements for groundnuts are quite well satisfied
for the planting date of 23rd April. The worst crop water deficit is 19 mm (in May 1963, please see
Table 5.7) and the largest probability of at least one drought day is 32 %, also in the month of
May. This means that approximately once in three years there is the likelihood of the crop
suffering from critical moisture stress on at least one day within the month of May. For the same
month, the likelihood of 4 or more drought days is 23 9%, (or once in every 4 years). For the
following months of June and July the probability of at least two drought days is 27 %, and 36 7,
respectively. Thus, there is a need to run TSMAY under irrigation input since the crop of
groundnuts does not have its water requirements quite satisfied by the local rainfall.
[TSMAY is then tested with irrigation input, see Example 2(B)].

Example 2(B)

To determine the frequency of monthly irrigation applications for groundnuts cultivated
during a drier season in the Endau area, Pahang Tenggara (Latitude 2° 36" 35N, Longitude 103°
37" 50”E).

Step 1, 2 and 3 are the same as in Example 2(A).

Step 4. From TPSTAT analysis results (Fig. 3.7) a poor planting date is Judged to be at the
beginning of the 4th week. i.e. 22nd January.

StepS. The punched format of the input cards is shown in Table 5.10. Programme TSMAY is to
be run with irrigation input and therefore Step 6 is not followed.

Step 7. TSMAY output are as follows:-

(a) twelve monthly summury tables of datly water balance
(typical monthly summary, Table 5.11).

(b) frequency analysis of monthly irrigation applications
(Table 5.12).

While Table 5.12 shows that there is a high probability of requiring at least one irrigation
application in the months of March and April (82 %, and 59 9, respectively) the likely need for two
or more applications is much less (23 % and 18 9 respectively).

Note: As a comparison of the probabilities of irrigation between the best planting date and
another planting date in a drier season, TSMAY is run with the planting date from Example 2(A).
The results are shown in Table 5.13 and it can be seen that the probability of one irrigation
application is 239 in June and 459 in July.

5.1.3 Example 3(A)

To determine the extent of monthly crop water deficit and frequency of monthly drought days
- for maize cultivated in the Kuala Brang area, Trengganu Tengah (Latitude 5° 04" 157N,
Longitude 103° 00" 50”E).

Step 1. As for the TPSTAT analysis (Example 3, 3.3.2.3) the same rainfall records of D.I.D.
rainfall station number 5030039 at Kuala Brang Hospital, Kuala Brang are used.

4]



TABLE 5.7: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 2 (A)
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TABLE 5.9: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 2 (A)
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Hydrolagy Branch, TABLE 5.10 CODENG FORM

PROGRAM TSMAY ) . ipuncmm IGMPHIC PAGE Of
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TABLE 5.11: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 2 (B)
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TABLE 5.12: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 2 {B)
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Step 2. As for the TPSTAT analysis (Example 3, 3.3.2.3) evaporation station number 482 at
Jerangau is used to provide the monthly grassland potential evapotranspiration data.

Step 3. Withreference to the Reconnaissance Soil Map of Peninsular Malaysia (1968) the Akob
series of soil (Table 4.2) is selected as the representative soil in the Kuala Brang area.

Step4. From the TPSTAT analysis results (Example 3, 3.3.2.3) the recommended planting date
is 30th April.

Step 3. Asoutlined in Appendix B and Appendix C (C.3) the above evapotranspiration, soil and
crop data are punched on computer cards. The punched format of the cards is shown in Table
5.14. Programme TSMAY is run first without irrigation input.

Step 6.  TSMAY output are as follows:-
(a) twelve monthly summary tables of daily water balance
(typical monthly summary, Table 5.15).

(b) frequency analysis of monthly crop water deficit {Table
5.16).

(¢) monthly drought days (Table 5.17).

The two latter tables show that the maize crop water requirements are quile satisfied by the
rainfall pattern and the water holding capacity of the Akob soil series. Table 5.17 shows there is
an 18 9 probability of the maize crop suffering from critical moisture stress on at least 9 days in
May and 5 days in June.

Example 3(B)

To determine the extent of monthly crop water deficit and frequency of monthly drought days
for maize cultivated during a drier season in the Kuala Brang area, Trengganu Tengah (Latitude
5" 04" 15”N, Longitude 103° 00" 50”E).

Step 1, 2 and 3 are the same as in Example 3(A)

Step 4. From TPSTAT analysis results (Fig. 3.9) a poor planting date is judged to be at the
beginning of the 8th week, i.e. 18th February.

Step 5. The punched format of the input cards is shown in Table 5.18. Programme TSMAY is
run first without irrigation input.

Step 6. TSMAY output are as follows:-
(a) twelve monthly summary tables of daily water balance
(typical monthly summary, Table 5.19).
(b) frequency analysis of monthly crop water deficit (5.20).
{c) monthly drought days (5.21).
A comparison of these latter two tables with Tables 5.16 and 5.17 shows the marked increasc in
monthly crop water deficits and number of drought days for the carlier planting date. Table 5.21

shows there is a 24 %, probability (i.e. once in every four years) of maize suffering from critical
moisture stress on at least 22 days in April and 19 days in May.

APPLICATION TO IRRIGATION DESIGN

The results obtained from the simulation studies can be utilised for preliminary design of
irrigation schemes. The information required in the design stage is:

(i) the peak demand for supplementary irrigation water
(i1) the associated risk of the crop water requirements exceeding the design capacity.

47
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E.D.P. Section,

Hydrology Branch,
0.1.0. Headguarters. TABLE 5.14 CODING FORM
L—JCK, KL
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TABLE 5.15: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 3 (A)
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TABLE 5.17. OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 3 (A)
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ED.P. Section,
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TABLE 5.19: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 3 (B)

[ =tMARY OF TIATEY WATER RAL ANCF FOR - APR.)

YEAR RATN  FVAFTTTRANS, TRATNAGE RO WATER DROLIGHT  TRRIGAT TON TRRTIGATTON SOTL MOTSTURF  MONTHLY WATFR
(M%) (MM) CI ) NEFTCTT (MM) nays (MM) APPL TCAT TONS STATLIS (MM) RBAL ANCE. (MM
1959 74 0%, & i’ = 1z 6 & 0.0 0 & 7 -8R 7
1960 174 114. 5 R 7?9 bl 0.0 0 110, 6 4.5
1943 R0 127. 7 109. 0 1.0 0 o0 (o] 1i8. 3 -0, &
1962 ~4 iz 5 00 20, A 2] 0.0 0 75. 4 -R8. 2
19432 79 697 0.0 52 %5 79 0.0 0 6.5 ~40, &
1964 e 107, 9 0.0 20.5 o] 0.0 0 435, 2 -&H3R 0
196% Zi1 118 6 71. 4 4 & o] 0.0 0 1.5 21.9
1964 76 105, 4 0.0 17. & 7 0.0 0 RO 1 -2, 4
1967 5 ) 850. 4 [s 3] 472. 8 77 0.0 0 41, A -75. 0
19648 150 87, 2?2 0.0 47, 7 77 0.0 o) 117. 8] &8 1
1949 54 24, 2 0.0 9.0 iR 0.0 (o] 26,0 -30. 1
1970 216 1% 7 141. 1 RhH (o} 00 0 74. 7 —-448. 4L
1971 o) 70,7 0.0 520 72 0.0 [»] 21.2 ~&4. 3
1972 P43 JiR 2 &7. 7 . 10. 7 7 0.0 Q o8, 0 -17. ]
1973, =4 103 7 Q.0 720. 0 i0 0.0 o] &R R -88. &
1974 it 72 6 209 = (b o] 0.0 o} 1121 601
1975 w01 . 1179 0. 3 [ANNC] 0 Q0 Q 77. 2 -k, &
TABLE 5.20: OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 3 {B)
( FREBUENCY ANAL YSTSE OF FONTHEY CROP WATER DEFICIT FOR S1ATION 5030039 )
MONTH  SMaE L ST CROFE WATER DEFTOTT (MY FORRTAK OF FXCFDEMIF (%) I ARGEST MF AN oo S W
: a0 30 7C L0 RO 40 20 20 io
i 0 [3) 0 0 0 0 o} 1 1 I [¢) 1 [of 0. 57 2. 01
o s} [0} (8} i 1 i i 2 7 3 [a} 4 i 1. 720 i.74
= o] 0 i 3 k3] 7 = 10 17 19 0 i9 . 7. b 21 1. 22
4 (o] (8] [ i2 i6 21 75 20 Rk 44 (8} baic) 1. in 12 0. .70
b G 0 i 7 12 i7 27 77 332 47 [2} L2 17 i9. 20 i. 0¥
3 ] Q [} [») i 2 4 b 7 kd 0 in 3 4. B4 7. 63
7 Q o o Q A} 3 7 2 ol 4 (o] id 3 TR 4. 09
d 0 o 0 0 0 ] 1 i 1 ? (] 4 0 i 08 = 97
@ 0 0 o o 0 0 ) 0 0 0 0 0 0 0.24 272
10 0 0 0 0 0 0 0 0 0 i 0 i 0. 0. 22 3. RS
11 0 ) 0 [a] o] ] 0 [s] 0 0 (o] (] 3} 0.02 716
12 0 [a} 0 o} 0] 0 [a] (] (] 0 i 0 o] . 03 1. 55
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MONTH

TABLE 5.21. OUTPUT FROM PROGRAMME TSMAY FOR EXAMPLE 3 (B)
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The peak water requirement governs the capacity of the hydraulic components of the irrigation
system such as pumps, pipes, channels etc. On most irrigation schemes, it is uneconomical to
provide facilities to irrigate the total area simultaneously and hence the water application is
staggered according to a planned operational sequence. The peak water requirement therefore
depends on the time available between successive irrigations, the total area to be irrigated and the
amount of water per irrigation application.

The area to be irrigated is fixed, and the amount of irrigation water per application depends on
the crop, growth stages and soil type (in terms of the simulation model this is equal to half the
effective soil moisture storage capacity). The time available between successive irrigations may be
approximately determined from the analysis of monthly irrigation frequencies as:

Tazg .. (6.1)
n
where T, = average time available between

successive irrigation applications (days)
for a given risk level.

n = monthly irrigation frequency for a given
risk level.

The average water requirement for the month is then:

Al (6D

q:TaxéTéﬁ

where q =average water requirement for the
month for a given risk level (cumecs)

A =total irrigation area (hectares)

I = irrigation water per application (mm)

Allowance is made for conveyance and application losses by an efficiency factor

100A I
e q=_onl (6
b T R6A0T e, (6-3)

where q. =required irrigation system capacity
(cumecs) for a given risk level.

e, = irrigation system efficiency (7,

Substituting for T, for equation (6.1) gives
4 Aln

Cr

x 1074 ... . (64

q.=

Since n varies from month to month, the month with the highest value of n determines the
irrigation system capacity.

Equation (6.4) does not account for the variability of rainfall and soil moisture status over the
irrigated area. Both these factors upset the schedule of irrigation. In the demand system, water is
only applied when the soil moisture is depleted to a predetermined level (in this case 50 9 of the
effective soil moisture storage capacity) and irrigation is interrupted when the soil moisture
depletion is satisfied by rainfall.

In practice irrigation is usually applied before the soil moisture drops to the critical level. Since
the whole area cannot be irrigated simultaneously, the schedule must allow sufficient time to
irrigate the whole area before the soil moisture on any portion of the area drops to the critical
level. This means, the frequency of irrigation (n) will increase and the irrigation water per
application (I) will be less than the difference between the effective soil moisture storage capacity
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7.2

and the critical soil moisture level i.e. when nincreases I decreases. Hence in equation 6.4 the value
of q_is not affected appreciably. Therefore equation 6.4 can be used to estimate the peak flow
rate and the associated risk level for the design of irrigation schemes.

DISCUSSION & CONCLUSION

Discussion

As stated in section 1.2 (Objective) this procedure is only an aid to agricultural planners and
should not be regarded as a day to day operational model because results obtained are based on
statistical analysis of past annual records. Both programmes TPSTAT and TSMAY are designed
to analyse continuous complete annual records and not instantaneous daily values.

Computer programme TPSTAT is the statistical analysis of the weekly rainfall totals obtained
from daily effective rainfall. Although, the effective rainfall range adopted in the procedure is
5-50 mm, it is possible to run the TPSTAT programme with any other desired range (please see
Appendix A). The programme allows normal or log-normal distribution to be used for the
statistical analysis. However, normal distribution is preferred because of its superior fit to the
sample values.

The choice of recommended rainfall probability level for the cultivation of upland crops (Table
3.2) is based on the cost of production and sensitivity to moisture stress. Table 3.2 is only a general
guide to agricultural planners and does not take into consideration the various farm management
practices.

The crop coefficient curve is developed from crop time ratios, crop coefficients [Table C.1
(FAO, 1975)] and the reference crop potential evapotranspiration, ETO [Table 4.1 (Scarf,
1976)). The FAO values having been developed from overseas research, may not represent the
values for crops grown under local conditions. However, these values are used due to lack of local
experimental data. The weekly value of ETO is obtained by dividing the average annual value by
the number of weeks in a year. This has been found to be sufficiently accurate because of the little
variation in the monthly ETO values. The crop water requirement curve is defined by four
characteristic points with linear relationship between successive points. Although, this is not true
under actual growing conditions, it is satisfactory for the matching of crop water requirement
with the TPSTAT analysis.

In existing agricultural areas this TPSTAT method can be used to check whether the planting
date practised makes best use of the available rainfall, for a given crop. However, a realistic
planting date can be obtained only if the chosen rainfall and evaporation stations are
representative of the area.

In the TSMAY daily water balance model, the available soil water holding capacity and critical
soil moisture level are decisive factors in the determination of the daily water deficit and definition
of a drought day. The soil data obtained from publications, internal reports, etc. show a wide
variation in the values of available soil water holding capacity, for the same soil series. Table 4.2,
gives the adjusted values based on experience and judgement of the soil scientists involved in the
preparation of this procedure.

Due to the wide variation in the values of available soil water holding capacity and the lack of
local experimental data on crop water requirement, it is essential that the procedure results be
compared with field data such as soil moisture infiltration rate, soil moisture depletion rate,
frequency and depth of supplementary irrigation water, etc., from on-going projects.

Conclusion

It has been shown that by using statistical analysis of rainfall (TPSTAT) together with water-
soil-crop simulation model (TSMAY), it is possible to find the most suitable planting date and to
determine crop water requirements and irrigation demand for upland crops in Peninsular
Malaysia.
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To improve the results of the procedure, the following recommendations are made:-

(1) Research should be directed towards the determination of crop coefficients for local upland crops,
and towards the identification of the growth stages most sensitive to moisture stress.

(2) Every effort should be made to collect additional data on moisture characteristics of Malaysian
soils and on establishing a uniformity in the classification of local soil series.

(3) Due to insufficient core storage of the computer used, only monthly output of TSMAY is
provided. To provide better presentation of the values of crop water deficit and irrigation
demand, it is recommended to get the output on a weekly basis, as in TPSTAT.
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APPENDICES

Two main computer programmes have been developed for analysing weekly rainfall statistics
(TPSTAT) and for simulating the water-soil-crop system (TSMAY). These two programmes call a
number of supporting subroutine programmes. All programmes have been written in FORTRAN IV
for the Nova 1220 minicomputer at the Drainage and Irrigation Department.

Daily rainfall records for all the rainfall stations in Peninsular Malaysia operated by the D.L.D. are
stored on a computerised data storage-retrieval system (TIDEDA). Because of the existing storage
structure of the data bank, rainfall data are extracted in a series of records over the period of
observation. These records must be merged to give a continuous period of record as required by the
programmes TPSTAT and TSMAY. A flow chart of the sequence of operation is shown in Fig. A.1. All
the necessary system and FORTRAN programmes are loaded on disc pack 16 of the Nova machine.
TPSTAT is described in Appendix A, TSMAY in Appendix B, CROP subroutine in Appendix C and
remaining subroutines in Appendix D.
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APPENDIX A

PROGRAMME TPSTAT

This programme computes weekly effective rainfall totals for each week of the year for specified
probability levels. The statistical methodology is explained in section 3.2. Upon initialization, the
programme requests the file name containing the daily rainfall data in compressed format. The file name
is punched in through the teletype. Three cards are then read to complete the programme data
requirements:

First card — Contains the limits within which the daily rainfall is considered effective, and the
factor to convert the daily rainfall data to millimetre units. Card format is 215,
F5.0.

Second card — Contains data transformation option. The first column contains 1 for no data

transformation and 2 for a logarithmic data transformation. The next 20 columns
are reserved for the description of the type of probability distribution i.e. normal or
log-normal. The card format is 11, 10A2.

Third card — Contains percentage probability levels for which the expected weekly rainfall is
computed. Nine probability levels (in decreasing order) are allowed and the card
format is 913.

Output from the programme is a summary of the data and the statistical parameters for each week of
the year, followed by a table listing the expected weekly rainfalls for each week of the year for the
specified probability levels. The programme calls supporting sub-routines TORDER, TNORM,
TREGRES, TSIZE and TSTATIS. A listing of the programme TPSTAT is given in Table A.1 and the
flow chart in Fig. A.2.
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REQUEST DAILY RAINFALL
FROM DATABANK.OUTPUT
1S IN COMPRESSED
FORMAT ON MAGNETIC TAPE

MERGE DATA FILES
USING EDIT FACLLITY STORE DATA FILE
TO CONSTRUCT DATA FOR FUTURE USE
FILE CONTAINING
CONTINUOUS RECORD PERIOD

|

RUN DATA ANALYSIS
PROGRAMME TPSTAT
AND TSMAY,

ARRANGE TABUAR

AND GRAPHICAL OUTPUT
FOR PUBLICATION ¥

FIG.A.1 FLOW CHART FOR ANALYSIS OF DAILY RAINFALL DATA

(% THIS OPERATION IS DEFPENDENT ON THE USERS REQUIREMENT )
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TABLE A.1: LISTING OF PROGRAMME TPSTAT

PTMPTE FRONOSTANE

[ FPROGRAM TRFITAT COMPUTER STATTETICS OF WHEELY RATNFALL TOTAL S

[ SURRDLITINGS TALLFN —~ TORNDER, TNORM, TREGRES, TSTZE, TRTATIS

[ NMEFFINTITION OF VAKTARIF NOMES LISEDR

i JRR ~ WORKTNG ORRAY CONTATNING NATLY RATNFALL YEAR AT A TIMF

= IYR — ARRAY CONTATNTNG YEARS OF DATA

[ WRRAY — WORKTNG ARRAY CONTATNING WFEE!D Y RATNFALL

[ DROER — WORKTNG ARRAY TONTATNTING NON 7FRO WEEELY RATNFALL

[ ARRANGED T ORNDFR OF TNCRFQSTNG ST76

[ CCUMP - WORKTNG ARRAY CONTATNTING CLIMULATTVE FROBARIL TTY OF NON 7ERD
[ WEFELY RATNFAL

I SNDEY - WORKTNG ARRAY CINTATNTNG STANNARTT NORMAL DEYIATES CORRESPONTITNG
[ T VALLIES O CLIME

[ RMEAN — ARRAY CONTATNTNG MEAN OF WEEFK!IY RATNFAIL S

[N RETN ~ ARRAY CONTATHMING STANDARD DEVIATION OF WEFKIY RAINFALL S

[ NRYF - ARRAY CONTATRING PROFARTLITY OF A TRY WEFK

C SMAL L ~ ARKAY DONTATNTNG SMALL FST WEFKLY RATNFALL

I RIG — ARRAY CONTATNTHNG | ARFEST WEEKLY RATNFALL

s ISFILP — ARRAY CONTATNTING SPECTFIFT FRORARTL TTY LEVF S

[ 2~ WORKTIRNG ARKAY CONTATNTN N DTS CORREGFONDING TO TSFLE

[ Z0 -~ ARRAY CONTATHTNG S N D7S FOR 7FRD RATN

BITF — ARRAY CONTATHTING STATTON TDENTTRICATION NUMRER

TN — WORKTNG ARRAY CONTATNTNG DAY TN WHINH RATN DCCURFT

TR — WORETNG ARRAY CONTATNING RATN WHICH DOCURED ON DAY ID

NPRFEC — WORKTNG ARRAY CONTATNTNG WEEELY RAINFALL FOR SPECIFIFD FROBARIL ITY

LEVFL S

IMIN ~ WMINTHMLIM FFFFOCTIVE RATN(MM)

THAX — MAXTMUM FFFECTIVE RATNOMIMD

FACTOR — CONVERSTON FACTOR TO MM

TNRLIT NDATA RFGITRFMENIS ARE A% FOLL OWS:

$TTT -~ NTSK FILEF NAME CONTAINING DATLY RATNFALL TN COMPRESSFD FORMAT

FIRST DATA CARD CONTATNS | THITS WITHIN WHICH RAINFALL IS CONSINERED
T0RE FFFECTIVE AND CONVERSTON FACTOR TO MM

P v Ew B B wie w Rw iy N B iy

o SECOND CARTT CONTATNS DATA THRANSFORMATION OPTIDN -
I i= WO DATA TRAMSFEORMATINN

o 2= OGARTTHMTC DATA TRANSFORMATTION

Iy THIRN CARD CONTATNS SFFOTFTIFD FROPARTL TTY | FVFLS

NIMENETON STNCT7)
NIMENSTON TRRO2AA), TYROS0), TR, TROR), CUHMP (S0, SITE(?), WRRAY (50)
DIMENZTON DRYF(52) . DRFR (50) SNDEV(50), RMFAN(S2) , RETD(S2)
DIMENRTINN SMAEL L (57), RTG(SZ), TEFL PO, 70 NPFRECOP) . TRANS (1O, Z0(573, NFTLE(TO)
TNTFAFK STTE, BTG, SMAH T, TRANS
RFAL TRR
TYHFR 187, "DATA FILE NAME &
RFEATICT T, 200)NFTLEF

200 FRRMAT (10A7)
KIFR=]
CELL OPFNCZ, NFETLE, ¥, TER)
TFCTER NE IDYURTTF(IZ, ZORKTIFR, TFR

TR FORMAT C1THT, 10X, %33 FTIF OPFRATIONS, T2, < FRROR CODE-, 12)
CAtE DPENCE, PTHATAY, 2, TFR. 7}
KTER=2
TFE(IFER. NE. $YWRTTER (12, 2O TER, TER
REANCD, 101) THMIN, THAX, FACTOR, TTRANS, TRANS, THELF

101 FORMAT (7TS, B5 O/T, 108277130

KYR=0
1007 KYR=KYR+I
noog s Bhb
i IRR(Y)=0
E STTECS b= 002

STTE (7 )=t O
RFEAT(Z, 100, FNM=1000 VST, TYR(KYR) . NCARD, EEY, TNE), TR(K)Y, k=1, 9)
100 FORMAT(7AL, 313, 1%, 9(T3, T4))

TFONCART FOL OGO T 1000
oy I=1,9

FaTRCT)
TR FG 0o T
TRROE) =TR(T) #FACTOR

z CONTINLIF
TFCEFY. NE. NCARTO GO T0 3
[ COMPLITE WFEKLY RATNFALL TOTAL R
Cas=1
JE=
my 4 =1, 52
WRATKN=0
S od=ss JE
R TERT FOR RATN GT. TMAX AND T, TMTN

TRCIRRGH LT TMIN)GO 10 5
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TABLE A.1 (CONTD)

TEOTREC) R TMAXIGOD 10 A&
WRATN=WRATN+TRR(.1)

ST S
£ WRATN=WRATN+TMAX
“ CONT TR

TRATN=WRATHN
JS=THT+
NE= 044
TF(T. FRt SR =45+8
[ WRITF WEFELY RATNFALL ON OISO FILE
T R=(KYR-1 ) #5747
AL FEFFKOE, TLRD)
4 WRITF RINARY () TRATN
G0 T 1001
1000 NYH=KVYR~—1
WRITF (17, 2000FATTOR: NYH, 5T
700 FORMAYCIHT, 10X, "FARTOR LISFD T CONVERT RATINFALL LINTTS T3 MM =7, F7. 4/11X
P18, YEARS OF WEFELY FRECTPITATION FOR STATTON 7, .
F7A%, 7 STORED ON FTLEF THATAY )
KTER=3
CALL TLOSEC?, TER)
TEFCIFR. NE. 1YWRITF (17, PO2)KIFR, IFR
" INTTIAL I7F TARLEF GF CUML ATIVF PROPARTL ITIFS
CALL THNORMA, R, 1)
nooio I=1, 52
o RE-AN I-TH RECORND FOR FATH YEFAR
NRS=T
MRF=NYR#57+NRS~]
KYR=0
DY i =S, NREF, R
v YR=E YR+
CAtL FSFEEK (3R, 0
READ RINARY (R TRAIN
11 WRRAY (KYR)=TRATN

TF(MONCT, 5). NE. O ANDL TONF 13060 TO 17
WRITE(i72, 205) T, (WRRAY (1), .0=1, NYR)
7O FIRMAT (THT, 45X, “FFF RATNFALL </ 75X, “WFEK 7, T2, 10X, PO0FS, 0/2 (18X, Z0FS. 0))
GOOTD iR
17 WRITE(12,204) 1. (WRRAY (1), J=1, NYR)
04 FORMAT (1HO, 45X, "FFF. RATNFAL L “/71%, “WEFK 7, T2, 10X, 20FS. Q/2(128X, FOFS. 0/))
iR= CONTTNLIF

v CTOMPLITE WEFKLY RATNFAL L STATISTICS RY MOMENTS
S AL TSTATIS(WRRAY, NYR, XMFAN, XETH, XSKFW)
CONTTNLUIE
T COMPUTE | ARGEST AND SMAL L FST VAL UES

CAL L TSRTZF (WRRAY, AS, NS, AR, NE, NYR)
SMALL (T)=A%R
RIG(T ) =0R
OMPUTE SAMPLE FRORARI TTIFS
Al TORNER CWRRAY, NRIFER, NYR, DR
SORT TNTD NON—-ZFRD ARRAY
WNW=0O
g b=, WNYR
TFOORNFR G, FRD XG0 10§37
NW=NW+1
DRNER (MW =0RDER (.))
CLIMP (NW DY =00MP (LD
i CONT THLIF
I USE [ DOGARTTHMIT TRANSFORMATION IF SPECIFTFD
TECTTRANS, B0 5)IGO 10 15
P 14 =1, NW
i ORNER GO =A1L 0GORDEFR (1))
15 CONT TNUE
r COMPUTE WEEELY RATNFA L STATISTICS RY ( FAST SOLARES
noo14 =3, NW
AC=CLIMP (1)
CALL. TNORM(AC, ASN, 7)
14 SNDNEV (1) =ASN
- CALL TREGRES (SNDFY, ORTFR. AY, RY, NW, 00)
RIFANC T ) =AY
- RSTD(T)=RY
N FIND FROBARILITY OF DRY WEFE
70T Y =—RY/RY
AZ=70(T1)
CALL TNORM(CPROR, A7, 2)
FIRYF (1) =CFROR
I PRINT DTSTRIBUTON FARAMFTERS
WKITE (172, 206)RMEANCT )Y, RATO(T ), 2, DRYP (T ), XMEAN, XETN, XSKEFW, TRANS
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TABLE A.1 (CONTD,)

L0

207

FORMAT (1HO, 45X, "NISTRIRUITION PARAMETERS "/ /75X, “RY LFAST SALIARES #7, 83X, “MEAN
1=", F2.2,7X, “ST. DEV. =", F7. %, 7X, “UORR. COFFF, =", F7 2/

Z40X, “PROPARTILITY OF DRY WEFE =, FA 2/711X, “RY MOMENTS #7, X,
FMEAN=", F7. 7, 7X, “S8Y7. TEV. =7, F7 2, 7X, "SEFW=",F7. 2/
44X, “DISTRIRUTION TYPE %7, 10A7)

CONT TNUIE

PRINT TITtLF OF OLITPLUT TARLF

WRITECIZ, Z01)STN, TYR(1 ), TYR(NYR), TMIN, TMAX, (TSFLPCd), 01, 9)

FORMAT (1HI, *X, "STATTON NUMRER”, 1X, 7AT /10X, “RFCORD PERTOD ANAL YSFD -,
I2H 19, T2, AH TO 19, J2/710X, "FFREQTIVE WEEKLY RATNFALL (MM) FOR A GIVEN RISK(PFROFNT) -
FOIOX, CLIMITS OF FFFECTIVE NATLY RATNFAL L 7, T3, 36 T0, TS, 3H MM,
BALLIOK THERE T 84X, L OWEST 7, 2X, “RATN(MM) FOR RISK NF FXCFDENCE (PERTENT) 7,
49X, "HIGHF ST, SX, "RISK 0OF WEFEK REING/17X: "ORIFRVED, 2X, 915, 7X, "ORSEFRVFD,
S7X: “WET“, 7X, “DRY "/}

COMPUTE S N DN FOR SPECTIFTFD PROR. OF FXCEDIENCE

na 20 .i=1,9

SPEXC=], O-TSEL F(.1)#0. O]

CALL TNORM(SPEXC, AZ, 7)

ZGNy=AZ

iy ] T=i, 57

COMPLITE WEFKI Y RATN FOR SFFOIFTEN FRORARTL ITY OF +XCFDENCE

my 9 =i, 9

TFCZGD GEYT 70060 T 59

SPECTIFTEN PROE. 0OF EXCEDENCF GT PROR. OF WET WEFK

RPRFC=0

GO TO @

RPRFC=RMFAN(T I +RETII(T ) #Z (.0)

TERT WHETHER DATA TRANSFORMATION WUSFD

TF (TTRANS. EQ. 2)RPRFC=FXF (RPRF()

NFRFL (1) =RPRFC+0. 5

PRINT 0L ONF LINE OF TARLF

NORYF=DRYF (T)#i00. O+0. 5

NWETH=300-NOIRYF

WHITE (17, 202) T, SMALL (T), NPRRC, RIG(T ), NWETP, NORYE

FORMAT (T IX, 17, A%, T2, £X, TS, 9X, 12, 10X, T3, 7X. T2

KIER=4

CALL L OSEC3, TER) '

TECIFR NF. 1YWRITH (12, 202 KIER, TR

KIER=S

TALL DETLWOTDATAY, TER)

TECIFRE NF O TIWRITROIZ, SOMETER, TFR

FNN
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WEEKLY RAINFALLS
WRITTEN ONTO
DISC FILE

“DATA FILE
NAME 2
NFILE

CALL OPEN NFILE

DIMENSION, INTEGER, REAL

NFILE « SEVEN DIGIT RAINFALL
STATION NUMBER

CALL OPEN TDATA

KYR « XYR+ 1

IRRI1Y + @

READ
STN, IYR (KYR),
NCARD,KEY,
IDIKY,IRIK), K2 1,9

‘}

[(wRaw s wRAN. AL ]

ILR ¢ (KYR - 11252+ 1

WRITE BINARY13) IRAIN

IS antey
JEs JSe 6

Print
FILE OPERATION, KIER
ERROR CODE , IER

IMIN = MINIMUM EFFECTIVE RAIN (MM
IMAX + MAXIMUM EFFECTIVE RAIN (MM)
FACTOR » CONVERSION FACTOR TO MM [ 0254}
ITRANS « DATA TRANSFORMATION OPTION
11 NG DATA TRANSFORMATION
2:LOGARITHMIC DATA TRANSFORMATION
TRANS » TYPE OF DISTRIBUTION

ISELP & SPECIFIED PROBABILITY LEVELS

STN + SEVEN DIGIT RAINFALL
STATION NUMBER (< NFILE)
YR « CALENDER YEAR
NCARD « TOTAL NUMBER OF CARD IMAGES
ON DISC FOR YEAR IYR
KEY: CARD IMAGE NUMBER [ KEY 'l NCARD}
10+ DAY NUMBER FROM JAN 151,
1R+ RAINFALL FOR CORRE SPONDING
DAY NUMBER 11D )

COMPUTATION OF
WEEKLY RAINFALL
TOTALS

CALL FSEEK I3,RR}

NYR + KYR -1

PRINT
FACTOR, NYR,
SIN

ruu TNORM (A, 8,11

CALL FSEEK (3,4)

READ BINARY (3] IRAIN

CALL CLOSE NFILE

FILE OPERATION, KIER
ERROR CODE , IER

LISTING OF EFFECTIVE
WEEKLY RAINFALL

~ - - COMPUTATION OF WEEKLY RAINFALL '
i L TStan IRR YR

[ CAcL TSTATISOWRRAY, NYR MEAN, XST STATISTICS BY MOMENTS

COMPVTATION OF LARGEST

AND SMALLEST VALUES

1
[ CALL TSIZE (WRRAY, AS, NS, AB. NG, NYR |

[TCALL TORDER (WRRAY, ORDER, NYR, CUMP 1

COMPUTATION OF SAMPLE
PROBABILITIES

Print
0 FILE OPERATION KIER,
ERROR COOE JER
TALL DFILWITDATA,IER)

LOGARITHMIC TRANSFORMATION
10 BE USED IF SPECIFIED
COMPUTATION OF WEEKLY
RAINFALL STATISTICS BY
LERST SQUARES
COMPUTATION OF PROBABILITY
OF DRY WEEK
DRYPI1)e CPROB
RO UISTING OF WEEKLY
RMEANIT) ,RSTDI1),CC,OPYP (1 ) RAMFALL STATISTICS
XME AN, KSTO, XSKEW, TRANS
TTLE HEADING FOR
STN IVRI1), VRINVR), NN LISTING OF WEEKLY
A BELP oty RAINFALL PROBABILITIES
-
‘ RPREC+ §
PRINT
LSMALL (1} NPREC BIG (1 1,
AWE TP, NORYP

FIG. A.3: FLOW CHART FOR PROGRAMME TPSTAT
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APPENDIX B

PROGRAMME TSMAY

This programme computes a frequency analysis of drought days, water deficits and irrigation
applications for a specified set of soil and crop parameters. The simulation theory is explained in section
4.2. Input to the programme is requested upon initialising the programme and consists of the disc file
name containing the daily rainfall data and five data cards (or six cards if irrigation input is not
required). The disc file name is entered through the teletype. The data cards are:

First card — Contains the following soil parameters: name of soil series (including the pressure
levels used in defining Field Capacity and Wilting Point), available water holding
capacity, critical soil moisture level defining agricultural drought. Card format is
25A2, 2F5.1.

Second card ~ Contains initial soil moisture level, and an integer value specifying the mode of
simulation. A value of 1 requests irrigation input during simulation and a value of 0
requests no irrigation input during simulation. Card format is 15X, F5.0, 12.

Third card — Contains monthly potential grassland evapotranspiration for each month of the
year in millimetres. Card format is 15X, 1213.

Fourth card — Contains factor to convert the rainfall units to millimetres. Card format is F10.0.

Fifth card - Contains the months of the year for labelling output. The first three letters of each

month are punched in 3 columns with 1 blank column between months.

Sixth card — Contains percentage probability levels for which crop water deficit is computed.
Nine probability levels (in decreasing order) are allowed and card format is 915.
This card is not required if the program is run with the irrigation option.

(Note: For format of crop data input cards, please see Appendix C.3)

Output from the programme is a monthly summary of the daily water balance for all the years
analysed. If the irrigation option is set to 1, a table of irrigation frequencies for each month of the year is
printed. If the non-irrigated option is run, the programme prints two tables; one showing monthly crop
water deficits for each month for the specified probability levels, and the second table showing a
frequency analysis of drought days for each month of the year. The programme calls supporting
subroutines OCROP, OTSTATIS, OTSIZE, OTMODEL, OTNORM (the first letter “O” indicates the
subroutines are overlaid). A listing of programme TSMAY is in Table B.1 and the flow chart in Fig. B.1.
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TABLE B.1: LISTING OF PROGRAMME TSMAY

TTWFT R ONOZ TACK

[ TEMAY

o AL SURROUTINFS ARF OVERI ATD

[ S0IL MOTSTURF ANAL YETS PROGRAM

[ SURROUTINFG CALLFD DTRTATIS, DVETZ2E, OTHMONEL, DTNORM, OCROE

[ TNPLIT TATA RFRAITRFMENTIS ARF

i $TVTI —~ NISK FTLE NAME CDONTATNTING NMAILY RAINFALL DATA IN COMPRESSED FORMAT
[ CART 1 - 20T FARAMEIRRS

i SOTL TYPE WTTH FIFLT CAPACTITY @ /3 RAR DR @

< 1710 BAR, AND WTLTING POINT @ IS5 PAR (EXFRESSEN AS PERCENTAGE
" MOTETIIRE RETFNTION ON NRY WETGHT RASTS)

Iy SHMAXPM=AVATL ARLE WATFR TN MM/M OF S0TL (DAL CLILATED FROM

r (FH-WPL)#T0#RBUL K DENSTTY

= SCRPM=CRITICAL SOTL MOTETURF CAPACTTY TN MM/

i OF ST (FQUAL S 507 OF SMAXPH)

[ CARND 7 — MODEL PARAMETERS

[ HMI - TNTTTAL S0TL MOISTURE LEVEL WITHIN RODTING DEFPTH

= TRI =i FOR TRRTIGATION TNFLUT

- =0 FOR MO TRRIGATTON TNPUT

[t CARN 3 — MONTHLY POTENTTIAL GRASEI AND FYAPOTRANSPTRATION

" CART 4 ~ FACTOR 10 CONVERT RATNFALL UNITE T MM

[ TARD S5~ MONTHS OF THE YEAQR '

i CARDT A~ — SELECTED PROFARTE ITY | EVEES FIOR WHICH CROP WATER NEFICIT IS
= COMPLITED (NOT RFOUITRED TF IRT TS SFY T i)

o INFUT DATA RFGUTREMFNTS FOR SLIRROLITINF QDROFP

i KTTT — NUMBER OF PLANTING DATFS PEFR YFAR

i ONF CARN FOR FACH PLANTTNG DATF, GIVING CROP TYRE, PFLANTING DATE, CROF

FXTFRNAI  DQCROP, DTSTAT TS, DTNORM, OTSTIZE, OTHMONDFL

COMMON ZNTMZNTAY (17), BEFAT(RAL), KIN(4), KEED(4), NC RODTDR(27)

COMMON ZFRAZTNTVL (37)

DIMFNSTON TRR(2AL), TYR(A0), TR, TR(P), STTHL?), 7(10), PF(12),
IMONTHCL2, 7)), TSELFOR), RTGCIZ), SMALL (1 2), RMFANCIZ), STO(12), SKFWN(LZ) .
PIRATINCLO, 32), FVAR (40, 12), FXCFS(40, 12), WDFF (40, 12), NDI(4Q, 17),
TWIRT (40, 17), NTAC40, 17), SMR(40, 12}, NSMS(40, 12), Nt ASS(12, 37),
ATRTEK(22), ARRAY (40), NOIFV(I0), NFTEER(10), S0TL (75)

TNTEGER MONTH, STTF, BTG, SHALL

NATA NDAY/RT, 7R, 31, 20, 23, 20, 3i. 2§, 230, 21, R0, 31/

DATE TNTVE 70, 5, 7 4,r" 12,14, 15, 14,17, 18, 3%, 20,
PPN PTLIR, 28, 20, P

JTHAN=

TYFE "DNATA FTLE NAMF (RATNFAL L STATTON NUMBER) 701530

RFATICI T, ROO)INFTLE

200 FIORMAT CTOAT)
- RFANC, BOIRNTL, SMAXEM, STRFM
R0 FORMAT (75A7, 7F5 1)
REANCD, 103)IEMI, TRT, GIPF(T), T=1, 12), FACTOR
i FORMATCISX, FS 0, TEAI8X, i2T3/F10.0)
REAN(R, &1 ) COMONTH(Y, 1), =1, 2), I=i, 17)
[ FORMAT (74473
TFOTRT. B0t OYREFANCE, IO TEEL P
07 FORMAT (9 T5)

CALL OVOPNCICHAN, "TEMAY. OF ¥, TFRR)

Cab L OVE OTTGITHAN, GICROF, O, TEFRR)

CALL RO .

[ OPFN DTS FTLE CONTATNTNG DATLY RAINFALL TATA

KIFR=]

CAb L DPENCZ, NFTLE, 70 TRRD)

TEOTER. NE. IWRTTF (33, ZZ2YETER, TER

DU FORMAT CIHT, 10X, 7#e#F 10 F OPFRATTIONS, T4, © FRROR TO0E=", T4)

TNDY 2
T
100 KYR+1
3oT=0, ReA
1 TRR(T)=0
[ FEAT AND STk MRE YFARS NATA
4 STV iy =t

STTF (2 )y =) (o

REANC?, 100, FNN=1000)) Q014 D7, TYRGEYR), NCARD, KEY, (TTICED), TR(K) , K=1,9)
ino FORMAT (T4, 4T3, iX, ®(T13, 74))

TFONCARD. RO O)G0O T 1000

w2 I=1,%

K=TD(T)

TF(R. FRO)GO TO =

TRR(K)Y=I1R(T)

2 CONT TNLIF
TEFOKEY. NF. NCARIDGD TN 4

g TFET F0OR L EAP YEAR
NDAY (7)) =73

L PYR=FYR(KYR)+1200
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TABLE B.1 (CONTD)

TEOCHMNDOE PYR, 4)) Fa OYNTIAY (7 )=

k=0
o COMMENCE YEARL Y DO | Qe
mi A T=3, 17
e CONVERT MONTHELY POTFNTTAL GRASS!L AND FVAPDRATION (LPE) TO DATLY VAL LIES(ETO)

JF=NRAY (T)
ETO=1. O#PE (1) /0F
SRATN=O.
M S =1, LJE
Rk
r MATCHING OF CROP FERTON WITH CROP FFFECTIVE ROOTING DEFTHS
IFGE LT KINCT) . DR K BE. ETR(NG) GO TN 40
NE =
no SO N=1, NI

NM=RI+ ]
TE K GE.KTNOND . ANTL K LT KINONM) G0 TO B2
S0 CUINT I NLIF
a2 ROP=ROCO NP (N)
GOOTO 47
a0 ROP=RODTTIFE (N
47z BAMAX =KD #5MA XM

SURTT=RDP#30RMM
RATN=TRR (K) #F ACTOR

r ANIUSTMENT OF "DCROFT DEYELOFED DATLY CROF COFFFTOTENTS FOR FARLY CROP
s GROWTH STAGRS WHEN CROF HAR NOT REQCHED FLLL GROUND COVFR CONDITION
TR(FFAC(K) . GT. 0. 23)30 TN 44
L=t -+

TF(RATN. GY. 1. 0, DR NIR. F3 1)1 =0
N0 47 N=i, NC
TRCR GE.ETNON) ANDC K | T KSFQ(N) MG T 48

M=K+366
TE(M GF KTNGNY. AND. ML T ERFC(N)IGD TD 43
GO T 47
4% TF(.~1)44, 44, 45
44 EFAC(K) =0, %4
G0 TO 47
45 Al PHA=G. 4--0. OSA#ETO
PHA=L
FFAC ) =AL PHA-O. 35%A0 06 (PHA)
47 CONT TNLIF
[ DPF FRLIALS THE DATLY FOTENTTAI CROF FVAPOTRANTSRTRATION
Ak NPE=FFAC (D) #ET0
N DATLY WATER RAL ANCE

CALL OVL DD CACHAN, OTMODEL . O, TFRR)

AL THMODEL (SMAX, SORTT, SH, DIPF, RATN, AF, EX. DFFTT, NSMS, WIR, NIR, TRT)?
i~ ACCLIMUL ATE MONTHLY TOTAL S

SRATN=SRATN+RATN

NMODCEYR, TY=NONCEYR, T)+NEME

NTACEYR, T)=NTAKYH, T}+NTR

FVAP(EYR, 1) =FVAP(KYk, T)+AF

FXTFS (YR, T =EXCESKYR, TI+FX

WDEF (EYR, T)=WDFF (KYR, TY+DEFTT

5 WIRT (YR, T)=WTR] (KYR, ] 1+WTR
TRATN(KYR, T)=0RATM
[ STORF SDIL MOTSTURE STATUS AND COMPUTE MONTHLY WATER RAL ANCE

MBS (KYR: T)=5M
CEMB(KYHR, I)=SRATN+WIRI (KYR, 1) -FXCFS(REYR, T)—EVARP(KYR, T}
TRATN=TRATN+SRATNH*O. 001
TEVAR=TEVAR+FVAR (KYR, T)#0. Q01
TEXCFES=TEXTES+E XCFS (KYR, TY#0. 001
& TWIRI=TWIRT+WIRT (KYR, T)#0 001
GO T0 1001
1000 NYR=KYR-1
CALL CLOSE (2, IFR)

KIER=2
TRCTER NE. DWRITE (12, 2723KIER, TER
b CHECK, FOR CONTTINUTTY
RPALANCE=( TRATN+TWIRI-1E XDES-TFVAF) #1000, O+3MT—~5M

i LIST TNPUT DATA

) WRITE (12, 200)STTE, SOTL, SMAXPH, SCRPM, ((MONTH(T, 1), J=1,2), I=1,12)
i, IPF, FACTOR

200 FORMAT (1HI, 29X, “DATL Y WATFR RALANCE SIMULATION FOR STATION <, 14, TR/ /
STTHO, 9X, "MODEC FARBMETERS" /710X, ZHA2/10X, "AVATL ARLE WATFR IN MILLIME",
PUTRFS PER METRF OF SOTL ", FoH o4, " MM, 710X, "CRITICAL SOIL MOTSTURE *,
BUCAPACITY TN MILL TMETRFS FER METRE OF SOTL ", FS 1, " MMY. 7/7/710X,
A“MONTHLY FPOTENTIAL GRASSL AND FVAPOTRANSFTRAT ION(MM) 7/ /7
SYLX, 12(2Q2,8X), /77X, 1\2F8. Q577
AT0X, "RATNFAL L DONVERSTON FACTORFIO. 4)

[ LIST WATFR BAI ANCE SLIMMARY
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TABLE B.1 (CONTD.)

O FX, TEUMMARY OF DBATLY WATER PAL ANCE FOR 7, ZAF/ /710X
TYEART, TX, THATN FYAROTRANS NRATNATGE  TOROF WATER MROUGHT  TRRTIGATION
? TRRETIGAT TN GO M URF MONTHEY WATERT /725X, 7 (MM) (MY 7, 80X, MO,
= COEFICTT (MM) Ty TX, Mk AR TTATTIONS STATLE (M) 7, 5X,
4 - (MM 70
my 7 WYR
7 WRTTE FOTYIYHOD, TRATNGHL T VAR L T EXCES L Ty WD G T NDDGE T
TWIRT G4, T, NTACE, TY, SMECL, T), 125 (PN
07 FORMAT CT0X, ZHI9, T2, 64X, T59, 48X, Fha 0, 66X, Fh 6, 85X R 1, 7X, T2, 7X Féa& 3. 9%, T7, 10X,
iFA T, 7%, F&
WRITE (12, 702)5MT, TRAIN, TWIRT, TEXDES, TEVAR, 3
205 FWHMAT(1H1,9X,’INTTIQ‘ SOTE MOTSTURF | EVE “TOTA! PATN
ZH MAIOX, TTONAL TRREIGATIONT, 12 “TAI NRATNMAG
ZH MAIOX, TOTA FYARTITHAL IRATTHN M MI10X:
LoMOISTURF L EYEL T, 3X, F7. BH MMISSTOX, INTETY WATER”
2Y . FO. 2, 24 M)
IFfTRI FLLODMGED T 8
= STATIET AL ANGE YRTE OF MONTHE Y CROP WATEFR DE-TICTIT
) 2 T=i, 12
nooio =1, NYR
o] ARRAY (D =WDEF (L T)
i FIND § ARGEST AN SHAGHE FRT VAL LIFS
At R VI | Y S T HAN, P17, O TFRIRD
CALL TRTZE (ARRAY, =ML, N Gy NR, MYRD
AL (T y=EME
RIG(T ) =R
[ CEFLITE  FME AN, STANDARD uPV1p}YﬁN AND SEFW RBY MOMENTS
VAL DA OO UICHAN, OTETAT TS TE )
ALY ijAlI:(Athv,NVR,XMFQN ST XEEE
RHFANfT)-YMF&N
k]
i TOAE S O DROLGHT DAYS
ln}
i
IFanﬁ(l,I\ For TRTVE CRD) s 10 i
i TIONT TR
i1 ST, Ky =N AEET, E) +
Gon TO 14
o CONT TNLIE
i COMPLITE 0L ASS 10TALS OF IRRIGATION ARFE TEATTONS
ml1 3% ¥=i,12
nooiS W71 NYR
nood 4 i.322
TEONTAGD TY Feo TNTVL CED DG T 55
iA CONT TNUE
i NCEASSOT, KD =NCLASS (T, K +1
i4 CONT TNLIE
v FINTT MAX THLIM NON--2 R0 0L ASS
KMAX=0
ey 17 I=31,12
na 47 Ks=1, 322
TRONCEL ASSCT, KD B OXGD T 17
TRk (F EMAXYE0 T 17
KMAX =k
17 CINT TNLIE
IFCIRT, F 160 10 18
[ INITTA T7F TOARLE OF STANDARD NORMAL. DEVIATESD
CALL OVE DD CICHAN, OTNGRM, O, TFRK)
Al L TNORM (CPROR, SNDOEY, 1)
[ COMPLITE AND | TS1 CROP WATER NEFINTITS FOR SHECOFTED FROBARTLTTY LEVELS
WRITE (17, 204)STTF
204 FORMATCiHT, 77 730X%, “FRFBUFNCY ANAL YSIS DF FMONTHLY CROP WATER -7,
PDEFICIT FOR STATION 7, 14, 13/777)
WRITE(iw, Z12)ISFLF
12 FORMAT (/7 7710X%, “MONTH  SMAl L EST CROF WATFR DERTCTIT(MM) FOR™.
FORISK OF FXCEDENCE (%) 5, 10X, L ARGERT 7, 10X, “MEFAN G SKEW" 725X, 1016, /7))
[ COMPLITE STANDARD NORMA . DFVIATEFS FOR SPECTFIFD PROBARILITY | FVELS
g oiv =i,
CPROP=} . O-=ISFL F(.H /100 0
CALL TNORM(CPRNOE, SNHIEV, 7)
A2 7 (.1 =5NDFV

] (37, 700) (MONTHCT, 1), 0=T,7)
FﬁFMAT(1HJﬁ

nn 70 T=1,12

Do 23 Jd=1,9

NOIEY D =RMEFANCT Y FSTNT #Z GO +0. 5
THONDEY () LT, OINIEV D=0
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TABLE B.1: (CONTD.)

i CONT TNLIF »
70 WRTITE (17, 705) T, SMALL (T), NIV, BTIGOT) L REFONCT ), STHOT), SEEWCTY
TOS FORMAT(IIX, T4 , 4X. 1174, 1%, 9%, F5 0, 3F7.2) '

WRITF (317, 206)5TTE
706 FORMAT (iHL, 777, 29X, "FREGUENCY ANAI YATS OF DROUGHT NAva",
1" FOk STATINON “, T4, T2/7/7/)
GnoTO P
18 AMDLINT =EMAX~SCRTT
WRITE (%, 20721 TE, AMOLINT
PO7 FORMAT CiHI, 79X, “FREQUENCY ANAL YETS OF TRRTIGATION AFPL TCATIONS FOR STATTON
170 T4, T3/7/7710X, “AMOLINT OF TRRTGATION WATFR FER APEL TCATIONS, FS 0, 3H MM/ /)
77 WRITE (17, 208) CINTVL (K, K=2, KMAX)
FOR FORMAT (/7 730%, THONTHS, SX, “FROBARTL TTY(Z) 7, &X, “PRORARTL TTY(X)
PT0F RETNG 7,
T BRFATFR THAN (R Fidial TO MUMRFR SHOWN T 770X, "0F REING ZFRD
TIATS/ARX, 1GIS)
WRITH (17, 210)
7i0 FORMAT(IHO)
e P2 Tl 12

I COMPLITE PROBARTL ITY OF RBETNG JFRO
TRISGE (1 )=NCI ASSCT, 1)#100 O/NYR+O. 5
[n COMPLUTE PROPARTL ITY OF RETNG GREATER THAN 0OR FROUAL 70

AT ARSE=NCL ARR(T, §)

o 4 2, KMAX

TRIRK(K)=100. ~100. %Al ASS/NYHF0. 5

AL ASS=ANT ASKHENTL ASSEOT, KD

WRITE (12, 209)T, (IRTSE (), k=1, KMAX)
FORMATITIX, T4, 10X, I3, 7X, i &TS/38X, iST5)
UOEE L OSF GICHAN, TFRR)

(3]
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INPUT CARD NO.

WPUT CARD NO.

WNPUT CARD NO.

INPUT CARD NO.

EXTERRAL , DIMENSION
COMMON ,INTEGER, OATA

NFILE 2 SEVEN DIGIT RAINFALL
SUNON NMBER
SO 2501l SERES

SMAXPM MALABLE  WATER
HOLDING  CAPACI TY
SCRPM « CRITICAL SOIL MOIS TURE
CAPACITY {50 OF SMAXPM
SMI .+ MITIAL MOISTURE LEVEL N CROP ROOT
IRl 5 ) FOR FOUGATION INPUT ZONE
+ 0 FOR MO RRIGATION INPUT
JPELI ) s MONTMLY GRASSLAND POTENTIAL

2

3

JE= NOAY( 1)
ETO1.8 8 PEN)1JE

20

YES no

vzsno

[} 4
PKNIN) YES
(o | :
o tN)
o R
SCRIT « ROP & SCRIMN

NO

@ 1]
) L
@ no

= [erscion]
ALPHA « 14-0S8nETO

PHASL
EFACIK) s ALPHA -0 350 ALOG (PHA}

CONTINUE
CALL _OVLOD

CALL TMODEL { SMAX ,SCRIT, SM . DPE ,
RAIN, AE,EX,DEF1T, NSMS, WIR, NIR, IRI |

SRAIN» SRAIN « RAIN

NOO [KYR, I+ NOD {KYR, I} - NSMS
NiA (KYR,I}sNIA (KYR i)+ NIR

EOP KYR 1 EWPIKTR, I}« AE
EXCES (KYR {1 EXCESIKYR,1) « EX
WOEF{KYR, 1} *WOEF (KYR,1) + DEFIT
WRL (KYR, [} WIRI (KYR |}+ WIR

— g

CSMS [KYR, 1= SRAIN WIRI [KYR, 1) - EXCESIKYR, )-E VAP (KYR, 1] I
i

TRAIN = TRAIN « SRAIN n 0.001
TEVAP 1 TEWAP+ EVAP(KYR, (}x0.001
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APPENDIX C

SUBROUTINE CROP

C.1  General description

Given the simplified crop factor patterns as defined by FAO (1975) the subroutine CROP develops
daily crop coefficient values for the calender year. This daily pattern-is compiled from input data
consisting of:-

(i) adiscfile, CRFAC which contains a listing of crop coefficient characteristics for 20 upland crops.

(ii) punched card input of number and types of crops to be planted, their planting dates, and crop
durations. The total duration of crops must not exceed one calender year, that is, 366 days.

C.2 Storage of crop coefficients

Crop coefficients are stored under the disc file CRFAC as a two dimensional array containing crop
coefficient and corresponding time ratio. This time ratio is obtained by dividing the age of the crop by
the total time of the growing period. This is to facilitate contraction or expansion, time-wise, of the crop
coefficient curve to allow for varying crop growing periods.

Data is transferred to the disc file CRFAC from cards prepared in the following format:

FIRST CARD - cols 1- 2, JCMAX = Total number of crop types being stored (12)
OTHER CARDS - cols 1-40, crop description (20A2)
(number equal cols 41-42, KROP(J) = Crop identity number 12)
to JCMAX) cols 43—46, CTR(J,K) = Time ratio of crop (F4.2)
cols 47-50, CRF(J,K) = corresponding crop coefficient (F4.2)
cols 51-74, Three repeats of CTR, CRF (6F4.2)
col 75, Blank axH
cols 76-79, ROOTDP(J) = crop rooting depth (metres) (F4.2)

CTR (J, 1), CRF ({J, 1) and CTR (J, 4), CRF (J, 4) are the crop time ratios and coefficients
corresponding to the start (ie. CTR (J, 1) = 0.00) and end (ie. CTR (J, 4) = 1.00) respectively of the
growing cycle. CTR (J, 2), CRF (J, 2) and CTR (J, 3), CRF (J, 3,) are selected to define the ““mid-season”
portion of the crop coefficient curve.

Table C.1 reproduces the contents of the current CRFAC.

C.3 Scheduling of daily crop coefficients

To develop the daily pattern of crop coefficients. individual crop data must be provided to match
CRFAC. This data includes number of crops within the year, the crop types, their planting dates and
crop growing periods. In scheduling the crops it must be remembered that the crop pattern must not
exceed one calender year (ie. 366 days). Therefore for such upland crops as tapioca, sugar cane, and
bananas, all of whose cropping patterns exceed one year, the programmer must define only one year’s
growth cycle.

The individual crop data input has the following format:-

(i) The number of planting dates per year (NC) must be typed in on request from the teletype.

(it) Each crop input is via one computer card with the crop cards arranged in order of calender
planting date. The number of cards must equal the stated number of planting dates. The card

format is:-
cols 1-30, Crop description, KRD(], J) (15A2)
cols 31-32, Crop identity number in CRFAC,ICROP(I) (12)
cols 33-34, Crop planting day, IPD(I) (12)
cols 35-36, Crop planting month, IPM(I) (12)
cols 37-39, Crop growing period, ICD(I) (in days) (13)
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TABLE C.1: Crop Coefficient Curve Data stored in Disk

File ‘CRFAC’, including Crop Growing Periods

Crop First First Second Second Third Third Fourth Fourth Crop Crop
Identity Time Crop Time Crop Time Crop Time ‘Crop Rooting Growing

Crop Type Number Ratio Coeff. Ratio Coeff. Ratio Coeff. Ratio Coeff. Depth(m) Period

’ KROP(J)| CTR(J, 1) | CRF({, 1) | CTR(J, 2) | CRF({, 2) | CTR(J, 3) | CRF(J, 3) |CTR(J, 4)| CRF(J, 4) | ROOTDP({) | (Days)
Maize (Sweet) 1 0.00 0.64 0.30 1.05 0.88 1.05 1.00 0.95 0.60 80
Maize (Grain) 2 0.00 0.64 0.44 1.05 0.76 1.05 1.00 0.55 0.60 110
Crucifers (Cabbage, Cauliflower) 2 0.00 0.64 0.63 0.95 0.88 0.95 1.00 0.80 0.60 80
Cucumber (Fresh market) 4 0.00 0.64 0.48 0.90 0.86 0.90 1.00 0.70 0.60 105
Lettuce 5 0.00 0.64 0.66 0.95 0.87 0.95 1.00 0.90 0.60 75
Beans (Green) 6 0.00 0.64 0.53 0.95 0.87 0.95 1.00 0.85 0.60 75
Eggplant (Aubergine) 7 0.00 0.64 0.54 0.95 082 0.95 1.00 0.80 0.60 140
Melons 8 0.00 0.64 0.55 0.95 0.82 0.95 1.00 0.65 0.60 120
Onions (Dry) 9 0.00 0.64 0.27 095 0.73 0.95 1.00 0.75 0.60 150
Groundnuts 10 0.00 0.64 0.46 0.95 0.81 095 1.00 0.55 0.60 110
Sorghum (Late maturing) 11 0.00 0.64 044 1.00 0.76 1.00 1.00 0.50 0.60 110
Soyabeans 12 0.00 0.64 0.35 1.00 0.82 1.00 1.00 0.45 0.60 90
Chilli-Transplant 13 0.00 0.64 0.52 0.95 0.84 0.95 1.00 0.80 0.60 125
Tomato—Transplant 14 0.00 0.64 0.56 1.05 092 1.05 1.00 0.60 0.60 110
Tapioca (One year crop pattern) 15 0.00 0.64 0.50 0.95 0.85 095 1.00 0.95 0.60 365
Sweet potato—tuber 16 0.00 0.64 0.42 1.05 0.77 1.05 1.00 0.70 0.60 130
Mangkuang 17 0.00 0.64 0.42 1.00 0.77 1.00 1.00 0.70 0.60 125
Brinjals, Lady’s Finger—Transplant 18 0.00 0.64 0.52 0.95 0.84 0.95 1.00 0.80 0.60 125
Sugar Cane—-Ratoon crop 19 0.00 0.64 0.33 1.00 0.83 1.05 1.00 0.60 0.60 365
Tobacco—Transplant at 7 weeks 20 0.00 0.64 0.27 1.00 0.73 1.00 1.00 0.95 0.60 120




Having provided the planting date and length of crop growing period the four characteristic points
(CTR, CRF) defined in CRFAC can be allocated calender days for each crop. Linear interpolation is
then used to determine the daily crop coefficients for the entire growing period (CROP flow chart Fig.
C.1). In any cropping pattern there is a period between harvest and the next planting when the land is
under fallow. To complete the required daily crop coefficient pattern for the full calender year, linear
interpolation is again used to proportion daily crop coefficients between the final crop coefficient and
next initial crop coefficient. :

The resultant printout from subroutine CROP is the complete annual crop coefficient pattern (Table
C.2). The listing of subroutine CROP is found in Table C.3.

C.4 Alignment with programme TSMAY

As stated in paragraph 4.2.1.2, the daily crop potential evapotranspiration is equal to the product of
daily crop coefficient and the grassland potential evapotranspiration. Having already obtained the
year’s listing of daily crop coefficients from subroutine CROP it would seem to be a simple matter to
compute the corresponding daily crop potential evapotranspiration. This would be achieved via one of
the TSMAY input cards containing the monthly grassland evapotranspiration data.

However the direct application of the daily crop coefficients generated by subroutine CROP would
not account for the initial and crop development stages when the crop has not reached at least 80
percent ground cover. The initial bare soil conditions having considerable evaporation, was taken into
account by adjusting the daily crop coefficients using Fig. C.2.

Since ETO values for Peninsular Malaysia vary between 3 and 5 mmy/day, three equations were
developed from Fig. C.2 relating crop coefficients to frequency of rainfall or irrigation for ETO values of
3, 4 and 5 mm. These equations are:

K=123-035Iny for ETO =3 mm

K=1.18-035Iny for ETO=4 mm

K=112-035Iny for ETO =5 mm
where K = daily crop coefficient

y = number of days since rain/irrigation

ETO = grassland potential evapotranspiration

By introducing a factor ALPHA, a single equation is developed for calculation of the crop coefficient:
K=ALPHA -035Iny
where ALPHA =1.4—0.056 x ETO
This equation is then applied to each crop pattern to determine the daily crop coefficients during the
initial and development crop stages. However if rainfall or irrigation occurred on that day or the
previous day the daily crop coefficient is set equal to 0.94. This value is read from Fig. C.2 for ETO of 3

mm/day. For the remaining crop periods (mid and late season) the crop coefficients obtained in
subroutine CROP are used directly to develop the daily crop evapotranspiration as shown in Fig. C.3.

The final form of the TSMAY -developed crop coefficient curve is shown in Fig. C.4.
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| overLav ocmor ]

| susrouTiNe crOP ]

| omension |, common |

]

Number of
dates per
Type

planting
year?
NC

CALL OPEN'CTRFAC"
Read 1z 1, JCM,

A X
< KROP (J),(CTR (J, K) CRF {J,K}),K= 1,4 ) ROOTCP {J)

C

Read )1 ,NC
ICROP (1}, 1PD (1),

IPMII), 1CD (1) .

ND = 6
KKK 2 [PM (1) -1
XK =1PD (1)
Ks1,KKK
IND = NDAY(K) « IND

3
[V s J+— xinti)s mp. kx

= 1, NC

.

ROOTDP (1) z ROOTOP (J)
Kz 1,4
KTR{LIsCTR{J, KIuICO(1) +KIN(]) + 0.5

J = ICROP(Y)

Y

YES

[ xsectr.wrriu

¥
)
[ XREIL) x CRF (4K)  La

YES

Lalbe

NN = XTR(1)
NEND = NN+ 368
XRF (L) = XRF (1)

KTR (L} = NEND
K s L -1

WRITE
“ YOU BLEW (T -
ANNUAL CROP
PATYERN EXCEEDS

368 DAYS *

[

JsLs)
As{XRF{J) -

Ls L s

XRE (L)) /{KTR(J} - KTR (L))
8« XRF (L)- Aa KTR(L):

YES

M= N-366 l

> CFAC = AaN+ B

is
N> 36 NO

o]  EFaCiMI s cRAC
Tk

|

!

PRINT CROP TYPE

/AND ANNUAL CROP FACYM PAY TERN

/

CALL CLOSE

CRFAC
oXROP = crop number
CTIR{K) » crop tims fraction ,associated
with CRF (K) s crop tactor

ICROP = crop aumber as detined by KROP
1PD = calender planting day

IPM = calender pianting month

1CO = crop duratien ( in days )
KKK = no: of months betore month of planting
KK =

no.of days into month of planting

KIN(1) = planting date for [CROP([), expresse d
as number of days from Jan. 1st.

KTRIL) = no. of days from Jan. 15t at soch of

the four detfined points on each crop
tactor curve

KSEC (1) =z no. of days from Jan it st, for the
second defined point on sech crop

factor curve.

XRFIL) = crop fector corresponding to sach

day number, KTR (L }

A = crop tacter curve gradient bstwesn
successive values of crop facter! XRF)

CFAC = 386 values of daily crop facters,from
tirst planting dats.

EFAC( M) = 368 valuss of daily crop factors,

trem 1st Janvery.

Return te programme TSMAY

FIG. C.1: FLOW CHART FOR SUBROUTINE CROP
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TABLE C.3: LISTNG OF SUBROUTINE CROP

COMPTLER NOSTACK
OVER!I AY OCROP
SLIRROUITINE CROF
o . SCHFDWL ES PATLY CROF FVAPORATION FROM J.QN TO 3IDEC
COMMON /NDM/NTAY (12), FFAC(R66), KTN(4), KSEC(4), NC, RODOTNF(22)
DIMENSTAN JCROP(4), TRPUI(4), TPM(4), TCN(4), KROP(RO), NTR(R0O, 4),
TORF (R0, 4), KTR(7320) . XRF (730), KKRI(4, 15)
TYPF “NMUIMRER OF PLANTITNG DATFS FFRYFAR"
RFEAN(1], SORINC
FORMAT (T1)
RFAN TN CROFP FACTOR DATA
CALL OPEN(3, "CRFACY, 7, 1FR)
RFAN(R, 200) . CHAX
00 FORMAT(T)
201 =1, . ICMAX
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Y NN N4 T=1, NC
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205 FORMAT (1547, 2T7, TR)
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9
2
w0
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t =%
no QO] T=1, NC
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ROOINP{F)=ROOTIF (1)
no 9oR K=1, 4
KTRO I=CTRCL K)#TTNCTIHKTIN(TIHO0. S
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08 L=+
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W=t -
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A= (XKRF (D =XRE 1 )) AKTYROGD~KIR D))
R=XRF (1 ) -A#KTR(I )
I =t +1
L7 CRAC=0#N-+h
M=
IF(N GT. RAL)IM=N-346
11 FEAC (M) =CFAC
WRITF {17, 912)
1B FORMAT (10X, "CROF NESCRIFTION", 34X, "PLANTING NAYE", 84X, “CROP NURATTON" /)
no 937 1=1, N0
17 WRYIVF (32, 914) JOROE (T ), (KROCTY, ), =5, 15): IPNCT), TPMOT), TONCT)
Q14 FORMAT(AX, T2, 2X, 159AZ. &X, T2, /%, T2, 17X, TR)
WRITF(i7, 915)
s FORMAY (776X, “"ANNLIAL C"ROP FACTOR PATTFRN FOR 3446 DAYS FROM AN ™)
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REWIND =2
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SUBROUTINE CROP

INPUT OF FOUR
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APPENDIX D

SUBROUTINE TSTATIS (X, N, XMEAN, XSTDEV, XSKEW)

This subroutine computes the mean, standard deviation and skew of a one-dimensional array by the
method of moments. The arguments are as follows:-

X — one-dimensional array variable of size N
XMEAN ~ returns mean

XSTDEV ~ returns standard deviation

XSKEW ~ returns skew

A listing of TSTATIS is in Table D.1 and the flow chart in Fig. D.1.

SUBROUTINE TSIZE (X, SMALL, NS, BIG, NB, N)

This subroutine finds the largest and smallest elements in a one-dimensional array. The subroutine
arguments are:

X — one-dimensional array variable of size N
SMALL - returns smallest element

NS - returns subscript value of smallest element
BIG — returns largest element

NB — returns subscript value of largest element

A listing of TSIZE is in Table D.2 and the flow chart in Fig. D.2.

SUBROUTINE TREGRES (X, Y, AY, BY, N, CO)

This subroutine computes simple linear regression by the method of least squares. The subroutine
arguments are:

X — independent one-dimensional array variable of size N
Y — dependent one-dimensional array variable of size N
AY — returns regression intercept

BY — returns regression coefficient

CC — returns correlation coefficient

A listing of TREGRES is in Table D.3 and the flow chart in Fig. D.3.

SUBROUTINE TORDER (X, XO, N, CUMP)

This subroutine arranges the elements of a one-dimensional array in order of increasing size and
computes the cumulative probability of each element. TORDER calls subroutine TSIZE. The
subroutine arguments are:

X — one-dimensional array variable of size N, where N
cannot exceed 50.

X0 - one-dimensional array of size N which returns the
elements of array X arranged in order of increasing
size.

CUMP - one-dimensional array of size N which returns the

cumulative probability of elements in array XO.
A listing of TORDER is in Table D.4 and the flow chart in Fig. D 4.

SUBROUTINE TNORM (CPROB, SNDEV, KODE)

This subroutine computes the standard normal deviate for a specified cumulative probability and
viée-versa. The subroutine references disc file TAREA which stores the percentage areas under the
standard normal distribution for values of the standard normal deviate between 0.00 and 3.49 in
increments of 0.01. The subroutine arguments are:

CPROB - cumulative probability
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TABLE D.1: LISTING OF SUBROUTINE TSTATIS

COME T FR NOSTA
NUVFEREAY NTETATIE
SURRIMITINFE IRTAT TS, Wy XMEAN, XETHY, X
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=00
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TABLE D.2: LISTING OF SUBROUTINE TSIZE
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EMOL] =X (1)

™ 5 T=7, N
TROXOT)Y G =Mal oy 70y 7
“Mal L =X(T)

CONT 1N 3
FEOY(TY PR RIGYED TN

" !_'H“l';r T H=
RETLIRN
N

&1



(OVERLAY statement S TART
used only for programme

TSMAY )

OVERLAY OTSTATIS

R

SUBROUTINE TSTATIS
(X,N,XMEAN,XSTDEV , XSKEW)

e

DIMENSION

SUM
SUMII
SUM 2
SUM 3

l 131)N }—‘

K=K+
SUM 1= SUM 1 + XI1)
SUM 2 = SUM 2 + X{1)x % 2
SUM 3 = SUM 3+« XI(1)lx x 3

]

[ TR
e & 6 Z

X = one dimensgional array

variable of size N

XMEAN = metan

XSTDEV = standard

deviation

XSKEW = skew

XMEAN=SUM 1/SUM

XSTDEVY=SQRT{(SUM2-{XMEANXx%x2)xSUMI]/(SUuM-11]})

Y

A=0
B =0

Az( SUMXx®x2)xSUM3 -3xSUM%SUM]I ¥SUM2+2xSUM 1xx 3

B=SUMXx(SUM-1)x [SUM-2) #xXSTDEVxx3

v

XS KEW=A/B

!

RETURN

FIGURE D.1:FLOW CHART FOR SUBROUTINE TSTATIS




START

OVERLAY OTSIZE ( OVERLAY statement used only
1 for programme TSMAY )

SUBROUTINE TSIZE
(X,SMALL ,NS,BIG,NB, N)

1 X =one dimensional array variable
DIMENSION of size N

Y SMALL = smallest element
ZT(? E;z():()” NS =subscript value of smallest
NS =1 element
NB=1 BIG = biggest element

NB =subscript value of largest

J 122 N element

YES

X(1)3SMALL

SMALL = X( 1)
NS= 1|

~{ CONTINUE

NO

X(1) & BIG

Y

BIG=X(1)
NB =1

CONTINUE [

]
RETURN

FIG D.2: FLOW CHART FOR SUBROUTINE TSIZE
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TABLE D.3: LISTING OF SUBROUTINE TREGRES

COMETLER NOSTIACK

SURRDUTINE TREGRES (X, Y. AY, RY, N, CC)

COMPLITES SIMPLE | INRAR REGRESSION RY LEAST SOUARFS

Y=NFPENDENT ARRAY VARIARLE OF SIZE N

X=TNDEPENDNENT ARRAY VARTARIF OF SIZF N

AY=INTERCEPT RY=REFGRFSSTON COFFFICTENT CC=CORREL ATION COFFFICIENT

NIMENSTON X(1),Y(1)

Co=0,

SLIM=N

SLIMI =0

SUMZ=0,

SLIM2R=0,

SUM4=0

SLIMS5=0

no 2 I=1,N

SLM1=SLIMI+X(I)

SUMZ2=SLIMZ+Y (1)

SUMI=QLIMI+X (T ) ##2

SLMS=QUMS+Y (T ) 342

SLIMA=SLIMA+X (T)#Y(T)

XBAR=RLIM1 /SLIM

YBAR=GLIMZ /S1LiM
HY=(SUMA-SLIM# XRAR#YRAR ) / ( SLIMR~SLIM+ ( XRAR##7) )
AY=YRAR—-RY#*XRAR

XSN=SORT ( (SLMAR- (XBAR##Z) #S1LIM) 7 (SUM-7. )
YSD=CORT ( (SLIMS— (YRAR##27) #8LIM) 7/ (SLIM—1 . ))
CC=BY#XSD/YSD

RETLIRN

FiND

TABLE D.4: LISTING OF SUBROUTINE TORDER

COMP I FR NDSTACK

SLIRROLIT INF TORDER (X, X0, N, CLIMP)

ARRANGES N FL FMENTS DF ARRAY X IN ORDER 0OF INCRFASING SIZE AND
COMPLITES CUMUL ATIVE PRORARTL TTY OF EACH FL FMENT
CUMP RETURNS CUMUL ATIVF PROBARIL ITY

MAXTMUM NO OF FI EMFNTS = S0

MAXIMLM SIZE OF FLEMENT = O, Q9F+09

DIMENSTON X (1), X0(i), XWORK (S0), CLMP (1)
SUBROLITINES CAILEDR ~— TSTZE

o1 I=1,N

XWORK(T)=X(T)

T=N+i

DO 2 Yy=1,N’

CA L TSTZE (XWORK, SMALL, NS, RTG, NR, N)

XOCT)=SMAL L

XWORK (NS ) =+1. OF +09

TT=1

CUMP (T)=TT/T

RFYLIRN

FIF
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START

| SUBROUTINE TREGRES (X,Y,AY,BY,N,CC !
Y
| DpiMeNsion |

(%]
[
X
[
o

(=}

)
0
el
X
(%)

"
(=)

—
wn
C
x
(%,
"
&
L. |

| suMi=sum1 « x(1) J X(1) = Independent Array
Y
[ sumz-=suma2 . vinr | Y(1) = Dependent Array
Y
| SUM3:=5sUM3 .+ X(1)un2 |
¥
| L suMs=suMms.viiiaxz |
L—] suM u=suM 4o x(11avin |
Y
| xBaR =sum1/sum |
Y
| vBAR = sum2/sum |
¥
L BY = {SUM 4 - SUM x XBAR xYBAR )/ {SUM 3 - SUMx (XBARxX x 2) ] BY = Regression
Cocfficient
|_AY = YBAR - BYxXBAR | AY = Intercept
| XSD = SGRT((SUM3-(XBARX x2)xSUM}/(SUM - 1)) |
[ YSD - SQRT(( SUMS-(YBARAx2)xSUMI/(SUM - 1)) |
Y
[ CcC = BY!XSD/YSDj CC = Correlation
Coefficient

RE TURN

FIGURE D.3:FLOW CHART FOR SUBROUTINE TREGRES




START

SUBROUTINE _ TORDER ARRANGES N ELEMENTS
(X, X0, N,cump ) | OF ARRAY X IN ORDER
L OF INCREASING SIZE
1 AND COMPUTES
DIMENSION CUMULATIVE PROBABILITY
! OF EACH ELEMENT

— 121, N

Y
XWORK(1)= X(I)

1

T = N+1

- 1

1,N

‘_.",q._ll

CALL TSIZE
( XWORK, SMALL, NS,BIG, NB, N )

1
XO(1)= SMALL

Y
XWORK({NS)=+1.0 E + 09

1
TT=1

Y
CUMP(1)=TT/ T

1
RE TURN

FIG.D.4: FLOW CHART FOR SUBROUTINE TORDER
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SNDEV
KODE

— standard normal deviate ;
— integer variable which must take one of the following

values:

1. to initialise and list the table of cumulative
probabilities by reading from disc file TAREA.

2, to compute SNDEV for a specified CPROB, file read
suppressed.

3. to compute CPROB for a specified SNDEV, file read
suppressed.

A listing of TNORM is in Table D.5 and the flow chart in Fig. D.5.

SUBROUTINE TMODEL (SMAX, SCRIT, SM, PE, RAIN, AE, EX, DEFIT, NSMS. WIR,

NIR, IR)

This subroutine computes the daily water balance for the soil moisture simulation model according to
the operational sequence shown in Fig. 4.3. The subroutine arguments are:

SMAX
SCRIT

SM

PE
RAIN
AE

EX
DEFIT
NSMS

WIR
NIR

IR

effective soil moisture storage capacity (mm)
critical soil moisture level below which plant yield
suffers (mm)

returns daily soil moisture level (mm)

daily potential crop evapotranspiration (mm)

daily rainfall (mm)

returns daily actual evapotranspiration (mm)
returns daily water excess (mm)

returns daily water deficit (mm)

integer variable which returns soil moisture status
at end of day: one for drought day, zero otherwise.
returns daily irrigation water application

integer variable which returns one if an irrigation
application is made and zero otherwise.

integer variable specifying the mode of simulation: one
for irrigation input and zero for no irrigation input.

A listing of TMODEL is in Table D.6 and the flow chart in Fig. D.6.
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TABLE D.5: LISTING OF SUBROUTINE:
TNORM

ot TR MOESET A
CRIERE O DITNORM
FURROLT TG TRORM CCFROE, SNTIEY, RO

- FINMS STANNARTT NORMAL DEYTATE FOR SPECTFIEN CUMGE ATTVE PRORARTL T1Y
[

e PROBARTE TTY

Iy STANTART NORMA! TEVTATE

o TOTOE OTMITIAL T76 TAR F DOF CLM FRORS. FROM NTRCSEF T E%TARE A
- =7 TOOLOCATE SNDEY FOR CSPECTETRD CFROF, FTLE RFAD SLUPRESSED
o =3 10 OCATE CFROR RO SPECTIFTED SNDEY, FILE RFAN SUPRFSSFD

DTMFNSTON TX(RG, 100, 11T F (AR
TRIEGER TITHE
CEOTE FOL 2y e

TECEDDE, FRORMGO TO 50
i~ INTTTAL T7FR TAREE OF UM FRORS,

CALL DREMA, “TAREAT TFE)

TEOTER NE, 33WRTTF (17, PO0) TER
00 FORMAT (10X, “FYLF (WEN FRROR CODE =7, TS)
AAIVTITHR, (CTXCT, ), =0, 30), T=i, 35)
00 FORMAT (G T, ERCIOIESY Y
WRITHCIZ, FORYNITLR, CCYXOT. ),
FUORMAT CEHE 2 C10Y
TAtE 0 ORE (4, TERO
TFCTER NFE O JIWRTITF(I?, YO2YTER
O FORMATOIOX, “FTLE CLOEE FRROR CODE =7, T%)

BE TN

=9, 103, T=1, 25)
RRAT, L)V LSANCTOX, TOTS, 7))

[y TS FOR CRFEOR GT 0K P T O 5000
O TR ROR
] SPROE. GE. O SOQ0 G T
TRROF=§, O-DRROR
[
o TTETE STANDARDT NORbAl DEVTATE
L ol P ]
RE=TX{T, %0, 0007
TROTRROR LT RX S0 TO =
2
2
3 Tt GO0 DR LR G OG0 T 4
IF(RT ET QU AN WL FRT0 0G0 T 4
G0N 5
A4 WRITET2, 20%)
70l FORMAT (PO, $0Y, TTHMEE ATTWE PROBARTL TTY NUTSTINE RANGE O 0003 TO O, 29977}
b TN
bl RI-HT-G. 0
i O
FAV=RT AT O+RAATO0. O
TF e B~ 1 Y SN SIS
RETHIRR
I | YTE CHMLE AT IVE FROBART TTY
i) ST
b
YECZOET. 00 yED 0 qd
b
7=
i1 T=Zai0)
s TR0 T Y70 +1,
T=T+i
TEREOT R B0 ANTL L L FE OG0 T W
WRTITE O 1)
RFLRKY
.9 (=g S & CETL L w0 OO0
IFty Frii 1 rFPRMTEET O--1 FPROR
REUIRKN
FiNT
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START

OVERLAY OTNORM

{OVERLAY
statement used
only for programme
TSMAY }

SUBROUTINE  TNORM
(CPROB, SNDEV , KODE }

]

DIMENSION , INTEGER 1

CPROB = cumulative probability

SNDEV = standard normal deviate

KODE = integer variable which must take

one of the following values

=1 to initialise and list the table
of cumulative protabilities by reading
from disc file TAREA
=2 to compute SNDEV for a specifed
CPROB, tile read suppressed
=3 to compute CPKOB for a specitied
SNDEY file read suppressed

Print

N\
FILE OPEN ERROR CODE ,IER

READ % WRITE TAREA ,1X(35,10)

CALL CLOSE TAREA

FILE CLOSE ERROR CODE , IER /—"\—""

s i
N S Print
[*] ER % 1 YE! rin
?
K=
TPROB=CPROB
Is
NO YES
CPROB> 6.50 €
?
TPROB = 1.0 - CPROB
K==y
RI=0.0
RJ= 0.0

»

RX= IX{1,J)n 0-0001

1=1,3%
\
| Js

K= -1
I=-2

I=Zu 10
J={Zx0-1) ¥ |
= 1 o1

——
[ crros ix11,11 % 00001 ]

CPROB = 1.0 - CPFROB

CUMULATIVE PROBABILITY
OUTSIDE RANGE
0.0003 70 0-9998

Ri=Ri -1.0

RJ=RJ-1.0

SNDEV= R1/%0-0+ RJ/100.0
NO YES

L

FIG D.5: FLOW CHART FOR SUBROUTINE TNORM
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TABLE D.6: LISTING OF SUBROUTINE TMODEL

COMPILER NOSTACK
OVERI AY OTHMODEL
SURROUTINFE THMODEL (SMAX, SCRIT, SM, PE, RATN, AF, £X, NEFTT, NSMS, WIR: NIR: IR)
COMPLNES TATLY WATER RALANCE
SMAX=S0TL. MOISTURE STORAGE CAPACTTY AVATLARLE TO THE PLANT (SMAX
FOUAL S SMAXPM MULTIFL TED RY RODYT DEPTH)
SCRIT=CRITICAL SOJL. MOISTURE | FVFL RELOW WHICH PLANT YIFLD SUFFERS
RAIN=NATLY RATNFALL
PE=NAILY FOTENTIAL. CROP EVAPDTRANSFIRATION (FRUALS CROP FACTOR
MULTIPLIED RY GRASSLAND POTENTTAL FVAPOTRANSFTRATION)
SM=CURRFENT SOT{ MOTISTLIRF STATLS
AF. RFTLIRNS DATLY FVAPOTRANSPTIRATTION
FX RFTURNS NATLY WATFR FXCESS
WIR RETURNS DATLY TRRIGATION WATER
NTR RETLURNS 1 FOR TRRIGATION AFPL TCATTON
0 FOR NI JTRRIGATION APFL ICATION
NSMS RETLIRNS 1 FOR SOTL. MOTSTURE RFLOW SCRIT
0 FOR SOTL MOISTURF AROVE SCRIT
NFFIT RETURNS DATLY FLANT WATFR DEFICTT
IR=1 FOR IRRIGATION TNPUT
0 FOR NO TRRIGATION TNPLIT
AND DATLY RAIN
SM=SM+RATN
EX=0
TF(SM. L 7. SMAX)GO 10 3
FX=SM—SMAX
SM=SMAX :
SURTRACT DAILY EVAPOTRANSPTRATION
AF IS COMPUTEN AS A FLINCTTON OF SM ASSUMING THAT THE % REDUCTION
OF AR INCREASFS AS THE SQUARF OF THE % SM DEPLETION
AE=PF* (1. — (1. —SM/SMAX ) ##27)
SM=SM~-AF
IF(SM. GF. 0)GO 1O 7
AF=AF +8M
SM=0
DEF T V=PF-AE
WIR=0.
NIR=0
NEMS=0
TF(SM. 3T, SCRITIGO 10 A
SOTL. MOTSTURE | FVFL. | FSS THAN SCRIT
IF(IR Q. OGO TO 5
WIR=SMAX~GM
SM=SMAX
NIR=1
GO 10 &
NSMS=]
RETVLIRN
FNR
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STARTY

| overa OTMODEL |
!

SUBROUTINE TMODEL
{SMAX ,SCRIT,SM, PE, RAIN, AE ,

EX,DEFIT,NSMS , WIR ,NIR, IR}

i

SM=SM+RAIN
EXz0
NO YES
EX=SM-SMAX
SM=SMA X

|

AE=PEx{1-(1-SM/SMAX }xn 2)
SM=SM-AE

NO YES

AE =AE+SM
SM=0

T

L] DEFIT-PE-AE
}

WIR=0
NIR= 0
NSMS =0
NO YES
NO Is YES
iR=0
\?/
WIR =SMAX-SM
SM=SMAX NSMS =1
NIR=1
N RETURN

FIG D.6: FLOW CHART FOR SUBROUTINE TMODEL

{ OVERLAY . statement

91

used only
for programme TSMAY )

SMAX = effective soil moisture storage capacity
available to the plant {mm}

SCRIT =zcritical soil moisture level below which

plant yield suffers (mm)
SM =daily soil moisture level {(mm)
PE =daily potential crop evapotranspiration
{mm)

RAIN =daily rainfall (mm)

AE - daily actual crop evapotranspiration (mm)
EX =daily water excess (mm)

DEFIT =daily water deficit {(mm)

NSMS=integer variable which returns soil
moisture status at end of day = one
for drought day, zero otherwise

)

WIR =daily irrigation water application

NIR =integer variable which returns one if
an irrigation application is made and
zero otherwise

IR =zinteger variable specifying the mode
of simulation = one for irrigation input
and 2ero for no irrigation  input .



AGRICULTURAL PLANNING & IRRIGATION DESIGN

REQUEST FORM

[This form should be perfected in conjunction with D.I.D. Hydrological Procedure No. 20
‘Hydrological Aspects of Agricultural Planning & Irrigation Design’ (1978)].

1. Name of Agency/Individual making the request ........c..ocoooiiiiiiiiii e

20 AAAIESS e e e e e et —eae e e e et —a e et aaaaeeaararatbraeteeeeaeaanrrrees
3. Area planned for Agri- (1) Name (i) Extent (i1) Latitude (iv) Long-
cultural Development (Hectares) tude
4. Name(s) of uplahd crop(s) | (i) (i1) (111)
intended for cultivation.

5. Hydrology Branch, Drainage and Irrigation Department will be responsible for selecting the

necessary rainfall station

6. Evapdration data

Can you provide monthly evaporation data of a station representative of the area.

YES

Enclose records and give details of the station.
(i) Name:-

(i) Latitude:-

(i) Longitude:-

(iv) Elevaﬁon (MSL):-
(v)  Agency collecting data:-

(vi) Type of equipment used:-

(vii) Remarks:-

NO

Which evaporation station given in Fig. 1 of
D.I.D. Water Resources Publication 5, you
would suggest for use in the analysis.

(1) Name:-

(i1) Station Number:-
(or would you suggest to use Fig. 7 of the
publication)
I suggest to use/not to use Fig. 7
(strike which ever is not applicable)

(i) Remarks:-

7. Soil Data

Can yoil provide available water holding capacity of the soil (mm/metre depth of soil) representative of

the area.



YES NO

(i) Available water holding Which soil series will you recommend from

CAPACILY .evoveiievcereiieec e mm/m those given in Table 4.2.

(1) Name of soil series .......cccceevcniceenniirenennnnn..

Do you wish to suggest any other available
(it1) Analysis done by water holding capacity other than given in
: Table 4.2.

(1) Available water holding capacity

(i) Name of soil series ......c.ccccevvnvireinivnnennnen.

(v) Remarks: (i) Remarks:-

8. Crop water requirement
Can you provide water requirement, on a weekly basis of the crop(s) chosen, for the life span of the crop.

YES NO
(1) Enclose weekly crop water requirements of Crop coefficients given in Table C.1. will be
the crop(s). used.
Do you wish to make any change in the crop
(1i) Brief description of experimental technique coefficients in the Table, if so state:
adopted:- (1) Changes in Crop Coefficients
1. 2. 3. 4,
(iii)) Remarks:- (i1)) Remarks:-

9. Any Other General Remarks

(i) If you do not agree with the probability level chosen for the crop in Table 3.2 and you wish the
programme TPSTAT to be run with another probability level, then give the value here.............

Note 1:-—If best planting date is only requested, write 'RUN TPSTAT ONLY’ in the column provided
in the top right hand corner and note that soil data (7) is not necessary.

"Note 2: —If all the out put is requested, sections 1 to 9 should be duly perfected and column provided in
the top right hand corner should be completed by writing ‘RUN TPSTAT AND TSMAY".

(This form should be perfected and returned with the necessary data to the

Director-General,

Drainage & Irrigation Department,
Swettenham Road,

Kuala Lumpur 01-02.)

I agree to pay all the costs involved in running the programme and getting the necessary out put as
_requested by me.
SIZNALULE: c.eoviiiriieecieeinre e DeSIgNation: ......coooceeniiereeni et

AN et et e s teaas | 5 21 7PN

1I
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.13
. 14
.15
. 16
.17

. 18
. 19

HYDROLOGICAL PROCEDURES PUBLISHED

Estimation of the Design Rainstorm (1973) ...

Water Quality Sampling for Surface Water (1973) ...

A General Purpose Event Water-Level Recorder Capricorder
Model 1598 (1973) .

Magnitude and frequency of floods in Pemnsular
Malaysia (1974).

Rational method of flood estlmatlon for rural
catchments in Peninsular Malaysia (1974)...

Hydrological station numbering system (1974)

Hydrological Station Registers (1974)..

Field Installation and Maintenance of Caprlcorder 1599 (1974)

Field Installation and Maintenance of Capricorder 1598
Digital Event Water Level Recorder (1974).

Stage-Discharge Curves (1977) ..

Design Flood Hydrograph Estimation for Rural Catchments
in Peninsular Malaysia (1976) .

Magnitude and Frequency of Low Flows in Penmsular
Malaysia (1976).

The Estimation of Storage- Draft Rate Characterrstlcs for Rrvers

in Peninsular Malaysia (1976)
Graphical Recorders—Instructions for Chart Changmg
and Annotation (1976)
River Discharge Measurement by Current Meter (1976)
Flood Estimation for Urban Areas in Peninsular Malaysra (1976)
Estimating Potential Evapotranspiration Using the Penman
Procedure (1977)
Hydrological Design of Agrxculture Dramage Systems (1977)
The Determination of Suspended Sediment Discharge (1977)

Price

$8.00
$3.00

$5.00
$6.00
$3.00

$3.00
$5.00

$5.00 .

$5.00
$5.00

$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00

$5.00
$5.00
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