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Preface

Crop-ecological sustainability simulation model, CSSM, is a computer crop-yield
model developed to analyse the spatio-temporal dimensions of crop ecology and use of
technology for crop-yield management. Many attempts have been made to simulate and
predict crop yield by forwarding a variety of crop-growth models regarded as the
physiological relationship of plant growth adopting lab-based controlled sample design,
the phenological phases of plant growth with the use of various crop response functions
and the climatic variability and crop-growth relationships using agro-meteorological
approaches. Perhaps above all, the concern is to obtain the accurate estimation of crop-
yield for better crop management and sustainable food grain production. The effort is made
to fulfill the realized deficiency in the literature of crop-modelling development by
developing an integrated crop yield simulation model which separates the effects of crop
ecological as well as technological attributes and provides error free estimation of crop-
yield because it follows deterministic approach for the calculation of ecologically based
potential productivity parameters. It is simple to use and also operative on easily available
statistics pertaining to weather, soil, technological attributes and crop yield from the
concerned officers for a longer period of time.

The parametric calculations and the procedure of the use of present version of tool
(Version — 5.2) is largely dependent on the simple computation at excel-sheet of MS- DOS
based computer and the BASIC programming language to get the output files of simulated
crop yield results. The spatio-temporal tool of crop-yield analysis is developed in such a
manner so that the collected unformatted raw data of required aitributes are to format as
per the requirements of the tool by the use of Geographical Information System. The
demonstration of spatio-temporal crop-yield analysis tool is made by using 29 years statistics
of crop yield and its associated ecological and technological parameters to obtain simulated
summer paddy yield for the Brahmaputra valley. The present tool is, in fact, unique in its
nature, simple in its use and would be useful in estimating yield of various crops in a
rational manner for various crop-growth systems working in different agro-ecological
conditions.
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Section — 1
Introduction

Model’s Description

An accurate estimation of crop-yield in prevailing agriculture systems has brought
outa great importance to predict the sustainable food grain production and the limits of the
use of agricultural technology. A variety of ecologically viable plant growth and crop-yield
models (Blanecy and Criddle 1950, DeWit 1958, DeWit et al. 1969; Fly, Reddy and Baker
1984, Reddy et al.1985, Gorski and Spoz-Pac 1989, Wu et al. 1994, Zhang and Dawes
1998, Kang et al. 2003, Gorski and Gorska 2003) as well as technologically input oriented
production functions (Spillman 1922, 1933, Ferrell 1957, Aigner, Lovell and Schmidt 1977;
Subash et al. 2004, Kiniry et al. 2004) were used to estimate crop-yield and agricultural
production and to analyse the effects of ecological and technological production factors. A
detail review on the development of crop simulation models implied that the plant growth
was determined by emphasizing on the physiological processes and their resulting features
like available carbohydrate and assimilates in the crops (DeWit et al. 1969) and later on by
isolating the effects of temperature and water stress through the analysis of processes relating
to respiration and transpiration of crops on the crop-growth systems (Baker et al. 1972).
Generally, crop-simulation models are developed on the basis of physiological characteristics
of plants and phenological development of crop response functions like CERES-Wheat
(Ritchie and Otter 1985, Ritchie 1986, Mall and Singh 2000), CERES-Maize (Kinery 2004),
wheat productivity function (Aggrawal, et al. 1994, Aggrawal and Kalra 1994), GOSSYM
(Reddy et al. 1985), DeciBle-Wheat (Chatelin et al. 2005) and so on, in which the models
considered making insights into photosynthesis of the leaf, canopy and green biomass growth
of the plants. These models were fundamentally based on the physiological relationship of
plant growth and were developed to use controlled experimental techniques to isolate the
effects of various environmental factors on crop-growth. The yield functions using the
parameters related to agro-ecological variability and the use of modern technology to
create productive environment of a piece of crop-land, were not analysed in such models.
Consequently, the result of such models may be far from accurately estimating crop-yield
for the crop management. It is, therefore, realized that there is a need of an integrated
approach towards crop-yicld simulation through which the effects of ecological as well as
technological production factors may be isolated for the accurate estimation and proper
crop- yield management (Anbumazhi et al. 2003).



An effort here is to develop a tool for the estimation of grain-yield of a given crop
and crop management in which many sub-models and relationships were assembled to
capture the long-term effects of ecological and technological elements related to crop growth
and grain yield predictions.

CSSM can act as ‘crop-yield predictor’ model where detail representation of crop
ecological parameters makes it useful for assessing yield of a particular crop for specific
environment. In-built model of the tool presents basic ecological dynamics and technological
changes in specific crop- land systems (Fig-1). As a result, entire mechanism of CSSM is
largely dependent on spatial variations of crop-ecological conditions and its temporal
changes. It is realized that crop-yield varies because of variations in ecological conditions
and also varies as the intensity of technological inputs differs. Similarly, it varies temporally
because of ecological dynamics of a specific piece of land. CSSM s, thus, to simulate long
- term feed back effects of ecological dynamics, technological enhancements and agricultural
practices on crop - yield increase.

Sub-models of the present tool would have a focus on ‘reproductive ecological
capacity’ of a piece of land where a particular crop is grown and, in accordance with the
use of technological inputs like fertilizer, irrigation, machine tools, pesticides and so on,
the efficiency of these input uses are assessed. Reproductive ecological capacity is
parameterized in terms of potential productivity of land for a particular given crop as an
indicator of maximum attainable grain yield of a particular crop, for which a crop growth
sub- model is developed and used (Singh, Sharma and Dey 2005). As a result, the CSSM
shows the combine effects of all ecological factors which control an environment of a
piece of land for the growth and development of a particular crop. Attributes related to soil
conditions and weather variability are considered as factors of potential productivity of
land rather than direct influents of crop-growth. As per the output of the present tool, the
crop-yield simulations are made with respect to potential productivity of land rather than a
single factor of it like temperature, rainfall or soil fertility. However, the effects of such
factors of land can be analysed by adopting classificatory approach of simulated yield. In
order to construct the sub- model. soil characteristics were used as most-stable attributes
and their spatial variations were shown to consider soil association units as operational
taxonomic units (OTUs), which would work as the basis of spatial variations for crop-yield
predictions. The second set of ecological attributes for the crop-growth is much more
concerned with least stable attributes called weather variability which changes its magnitude
and intensity hourly, daily and, consequently, seasonally as well as anriually. Four interrelated
and independent plant growth efficiency attributes related to weather, namely, the ratio of
evapotranspiration with potential evapotranspiration (ET/PET), the soil moisture storage
(ST) and the photosynthetic efficiency during the phase of vegetative growth (FE) and the
thermal efficiency (TE) and one index of soil characteristics (SCI) were used to construct
an index of potential productivity of land for a particular crop (PPI) as a sub-model (Fig-2).
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CSSM acts as “effect isolator” to show separately the effects of ecological dynamics
in terms of variation in potential productivity of land for specific crop, PP, and reproductive
capacity of crop yield, B, and, consequently, the technological input use efficiency (TUE)
in its different crop-ecological scenarios (that are considered here in the form of OTUs).
Model formulation may well-taken from main input data-file developed in a specific format
to visualize spatio-temporal features of model’s parameters and simulated yield. Main input
file is used as effective and well-formatted input into the model design for long-term yield
predictions and is largely dependent upon three data-feeding files which are used for the
purpose of conversion of raw data into the model’s input format. Finally, the formatted
input data are arranged in the form of main input file which includes synthesized data of
parameters pertaining to sub-models.

The CSSM includes many sub-models and equations at different levels for
formatting input data, processing formatted data and creating output files in a required
format, that are easy-to-use in the tool in a simple manner. CSSM presents the user a
flexible way to predict the crop-yield in respect of efficient use of technological inputs.
CSSM is simple in its formation and handling. Easily applicable for all type of agricultural
economies, and for most crops with lesser requirements in the changes in parameters of
input file and easily available required statistics of crop yield, technological inputs and
weather records for longer period of time and much more flexible to use for specific crop
simulation, are major characteristic features of the CSSM. Some data-conversion computer
programs were also prepared to create formatted input files for its final use in the model.

The CSSM is a “spatio-temporal based model’ integrating yield parameters for
different OTUs, so as to exercise it for a variety of areal domains varying from micro-areal
level as ecological site, district level unit for different crop-ecological scenarios to macro-
regional level such as state or even the larger part of a country for a particular crop for
different period of time (Fig.-3). The larger domain of study area would have more number
of OTUs and bigger set of data input files but may show better spatio-temporal results.
Model’s calibration is based on temporal data of annual grain yield of a particular crop and
changing trends of crop-ecological attributes. The procedures of calibration the parameters
and validation of the model are easy and simple to use (see detail in concerned section).
The model works on the basis of annual variability in its parameters. Therefore, long-range
of temporal data may provide better estimation and proper prediction of grain yield for
each OTU. However, formatted input data for a shorter period of time may also be used in
the model to realize the changes in technological use efficiency (TUE). Since the tool is
easy to handle to analyze simulated crop-yield, it requires input statistics as raw data that
can be obtained from readily available governmental/ non-governmental records of
secondary sources. Crop yield and technological input statistics can be collected from
government offices while monthly mean temperate and precipitation data for generation of
weather based attributes of PPI may be collected from Indian Meteorological Department

5



(IMD), Pune. The other statistical records relating to soil characteristic features which are
used as stable variables for crop-growth index, may be collected from National Bureau of

Soil Survey and Land Use Planning (NBSS & LUP), Nagpur.
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A deterministic approach is adopted to calculate a frontier parameter of the model
that is, A, which refers to the maximum possible grain yield ofa crop and is largely dependent
on the index of potential productivity of land (PPI). Since PPI varies spatially and temporally,
the parameter B of the model that indicates reproductive capacity of crop-yield in the crop
growth system and largely depends on A, also varies over space (for different OTUs) and
time (temporal trends) in the model. In order to hold B as a constant and crop yield Y and
technological input, X as variables in the model at a particular point of time, the spatial
variations of reproductive capacity of crop-yield, B, and TUE that is reproductive capacity
per unit of applied technological input, B/X, can be analyzed. Since A>Y at a particular
time, the A/Y > 1.00 that is an indicator of TUE in the present frontier yield function
because TUE= B/X= [(A-Y)/Y]. More details and well established form of the model will
be described separately in the next sections. However, it is important to note here that
considering A and B as constants and calculating them by using stochastic approach and
applying least square principle of model parameterization, the error terms prevalent in
crop-yield assessment and maximum possible yield level and their spatial pattern are tested
and are shown through the use of this model. It is obvious that A is not constant; it varies
spatially because of areal differentiations in potential productivity of land and also varies
over time when weather conditions change (Singh, Sharma and Dey 2005). The ‘processor’
to process input data file to get the yield estimates is based on the following established
yield function as:

Ye=A[L00H(B/A)] L (1)

where Ye is estimated grain yield of a particular crop and A is maximum possible (or
potential) grain yield in unit term of kg ha" as interactive function of a set of crop growth
determinants forming an ecologically based land potential productivity index, PPI, with a
constant, m as

A =m. PPI, dotts A\ ()

where m is genetic crop-grain yield (kg ha'), a coefficient in the model based on cultivares
and crop management which varies in different crop-ecological conditions (Mall and Singh
2000) while PPI is defined in the following manner:

PP1 = SCI x GI x WUE x FEI x TEI 3)

where SCI is soil characteristics index, Gl is crop-growth index based of ET and PET,
WUE refers to water use efficiency based on soil moisture storage, ST and field capacity,
FC: FEl indicates photosynthetic efficiency index and TEL is thermal efficiency index. The
detail elaboration of such determinants of PPI is given separately in the concerned section
(see Section- III for detail).



The CSSM is used under some limitations. For instance, the model predicts effects
of potential productivity on crop-yield in well- contained parametric form because of the
use of many determinants in its crop-growth sub-model. However, the crop-management
strategy is forwarded here to consider only one technological input rather than simultaneous
technological effects of different production factors. The model does not work on economic
attributes of production like the effects of input costs, transport network effects, production
prices and so on. Since it is an integrated model, it may derive the effects of economic
factors like crop production prices, input costs and price-elasticity on crop-yield estimation
as it has been used somewhere else for analyzing the spatial structure of agricultural
production function for developing economies (Singh 2002). Prediction of crop-yield and
calculation of water (especially irrigation) use efficiency, fertilizer use efficiency and
efficient use of pesticides and so on as we consider for decision making, are the main
features of the model. It is initially used here as one factor model that can be extended
further to isolate the effects of different inputs simultaneously. The multi factor form of the
model is written as

Ye = A[1.00 + (B,/X, JHB/X ) ... +(B/X )", s Yo )

where B, B,, ..., B, are constants related to reproductive capacity of crop-yield
corresponding to the technological production factors X, X, ..., X .

Internal parametric assemblages of the model is depend on the ‘reciprocity law of
diminishing marginal return’ which controls efficiency criterion of inputs (Singh 2000)
because its simplification toward linearised form follows as

Y= AT+ (B/A) (X)) +(BJA) (X,) + ... +(BJA) (X ) (5)

It follows the principle of frontier yield function (i.e. defined as maximum possible
grain yield level, A, the horizontal frontier of crop yield) in which technological efficiency
of a particular production factor, X is linked with the reproductive capacity of crop-yield,
Bn, as (B /X, ) (Singh, Sharma and Dey 2005) because oif its first order partial derivative
as:

8Y/BX = ([AB(I+B /X )*. X 7. ... (6)

Thus, the basics of CSSM follow two sets of parameters based on two concerned
sets of spatial data: first, the ecological information and weather statistics for assessing
potential productivity in term of maximum possible crop yield and, secondly, the observed
yield of a particular crop and technological input data to calibrate and validate the model
for processing and creation of output files (Fig.-4)
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The CSSM simulates grain yield of a particular crop taking spatial base of simulated
sites/scenarios (i.e., OTUs) and produces results over time to show simulated yield trends
and its annual variability. The model can be used for accurate estimation of any crop-yield
provided the concerned input statistics are available. The calibration of model and ideal
ranges of determinants as used in sub-models for the calculation of parameter A are to be
set accordingly. The model is initially based on the defined concept of crop grain yield as
a function of ecological attributes parameterized in terms of A and various technological
inputs as yield factors, X notated here as f(x ). We assume A is constant and B_ are other
constants defining reproductive yield capacity of application of different technological
inputs and there is mnit constant in the denominator of the function (eqn. 1 or 4).
Technological efficiency is largely dependent on B , while A acts as ‘yield generator” in the
model. At smaller f(x ), the grain yield is lesser and function of reproductive constant B, is
stronger than the function of unity constant in reproductive system of crop-yield. As f(x )
is intensified, the grain yield of crop increases with simultancous weak function of
reproductive constat. The role of unity constant is important to play with ‘asymptotic’
increase of grain yield in such conditions of high intensification where the degree of
technological use efficiency becomes lesser in the model (Fig.-5).

Al
Y1
Ao
Yield (Y)
and
Potential Yo
Yield (A)

Input Intensity (X,)

Fig. —5: Asymptotic Increase in Crop Yield
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In real world situation. the parameter A is considered as variable and is assessed by
using potential productivity of land, PPI for a particular crop for different scenarios or
OTUs and their changing PPI over time. Since data of A, Y and X are now available for
model’s operation, its B, values have been calculated by following the deterministic approach
for simplification of yield pattern. In fact, stochastic approach was used to demonstrate
validity of model while the output files were created to use the calculated values of parameter
A and to consider it as variable with using temporal data of weather conditions. Simulated
yield patterns were also compared to understand the nature of error term in the distribution
of crop-yield. Otherwise the output of the model is mainly based on deterministic procedure
of model application. As a result, its output of yield estimates are more accurate and usable
for decision support system.

Testing procedures of CSSM was done in the present case to consider summer
paddy yield simulation subject to fertilizer use efficiency (FUE) of the effect of prevailing
in Brahmaputra valley, India, for which Government of Assam realized a need for a method
of estimating and predicting summer paddy yield in the state of Assam where, in spite of
favorable paddy ecological conditions, the paddy yield is not up to the mark (Singh, Sharma
and Dey 2005). A number of 39 soil assimilation units which were simplified from the soil
map of Assam prepared at R.F. 1/500,000 (scale 1"= 5 km) by NBSS and LUP (1999), were
considered as OTUs for spatial as well as temporal variations of yield parameters like the
potential productivity of land for paddy crop, PPI, the level of maximum possible paddy
grain yield, A, the reproduction capacity of summer paddy yield, B, and the Fertilizer use
efficiency, FUE in the Brahmaputra valley. The temporal statistics of the weather variability
concerned with mean monthly temperature and precipitation and the statistics relating to
annual paddy crop yield and fertilizer use were used for 29 years (1975 to 2003) to test the
validity of present proposed crop yield-analysis tool.

-- 000 --



Section — 11
Establishing an Input Data File

A preliminary investigation of area under consideration that is the state or part of
it, is needed through various documents and records. The following steps to such
investigation and examination of basic facts are important,

Step-1: Since attributes related to soil characteristics provide an essential base of
crop-ecological systems and crop-yield simulation, a detail soil map of the area of
investigation is to be examined for the areal patterns of soil attributes. We recommend a
soil map prepared by National Bureau of Soil Survey and Land Use Planning (NBSS&LUP),
Nagpur at R.F 1/500,000 scale for different states of the country following USDA soil
taxonomy (a system of soil classification).

Step-2: Using soil association units that are called here as operational taxonomic
units (OTUs) as a base of spatial pattern of crop-yield estimation and the operation of yield
prediction processes, the unit-wise given data of soil characteristics in the form of soil
assimilation units by NBSS&LUP are used for basic spatial information on the soils.

Step-3: Number the OTUs with their location codes to format the information,
which were generated from other sources. This numbering system is used in the model for
identifying quickly the OTUs in program and proper arrangement of output data accordingly.
Since the tool is spatio-temporal based, OUTs repeat their numbers in each point of time.
The spatio-temporal frame of years and OTUs is assigned identification numbers (IDs) for
the purpose.

Step-4: Identify the locations of meteorological stations located within and/or
outside i.1 the surroundings of the area under investigation to prepare detail isohyetal and
isothermic maps in general and polygon maps of station centroids for the generation of
daily/weekly/monthly weather statistics as required for each ID.

Once the preliminary examination is over, the input data file can be prepared and
formatted. After collecting, converting, generating or developing concerned statistics through
various concerned records, personal visits/inspections and through the use of information
as given in this monograph, an input data file is established (Table-1).



Table- 1: Forming an Input Data File

Row General Information

1 Identification of area under investigation: the state or part of it (description of areal extent)
5 Name .
= Latitudes !
R T b SR e e e ST R R

2 Number of OTUs ..........,
Average size ............... sq.km.

3 Climatic conditions in general:
Temperature - January ......... ARl 11— °L
Precipitafion - January ........ mm, July ... mm.
Mean annual temperature ...........mm.

Average annual precipitation..........mm.
Soil Types in general...

4 (a) Average ob».::rved crop \n:ld
(b)  Use of fertilizer (W INTHIH 18 &5 g
(¢) Percentage of area under irrigation .............%
(d) Area under use of HY Vs: Total . vl Berpentd vidis.
5 Crop-yield and input used in the area
6 Number of Years information used: total years (from ..... o)
7 End of file
Column Parameter’s description
1 Spatio-temporal ID for each OTU for given years
2 OTU Area (in ha)
3 Duration of crop season (in number of days)
4 Surface form (weight number).
35 Parent material (weight number).
6 Soil depth class (weight number).
7 Soil temperature regime (weight number).
8 Soil reaction, pH value classes (weight number).
9 Ground water depth (weight number).
10 Surface stoniness (weight number).
11 Slope class (weight number).
12 Soil erosion (weight number).
13 Flooding Class (weight number).
14 Soil texture (weight number as per particle size class)
15 Soil Fertility Status (weight number).
16 Water holding capacity of soil (weight number).
17-28 Potential Evapotranspiration of each month from January to December (in mm) (see description
and process of calculation)
29-40 Evapotranspiration of each month from January to December (in mm) (see description and
process of calculation)
41-52 Soil moisture storage in each month from January to December (in mm) (see description)
53-64  Thermal efficiency in cach month from January to December (in terms of heat index)
65 Trrigation intensity (in mm; un-imgated -0, irrigated once-10mm, twice-20mm, ..., n)
66 Machine tool intensity (Rs per hectare of Net Sown Area)
67 Use of chemical fertilizers (kg per hectare of Net Sown Area)
68 High yield varieties seeds (% area of total cultivated area)
69 Use of pesticides (kg per hectare of Net Sown Area)
70 Crop vield (kg/ha), (see description for formatted yield calculation)

Format (18, F8.2, 14, 13F5.2, 3614, 12F5.2, 12, 315)
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Arrangement of raw data and creation of input data file have a three-stage procedure
to establish formatted main input data file. First, preparation of basic attribute data file,
secondly the establishment of spatial conversion files which will convert raw data into its
spatial arrangement as per model’s requirement. Lastly, creation of data feeding files which
will feed data to the main input file in its spatio-temporal basis (see Fig-7 in the proceeding
part of this section). Input data of monthly weather conditions (temperature and precipitation)
of various IMD stations for each year of the period of time under consideration for
investigation were arranged separately for its spatial conversion by using interpolation
(distance gradient) method of spatially distributed phenomena while district-wise statistics
of technological inputs and crop yield were also put up for spatial conversion in the format
of OTUs by using ‘areal weightage’ method. (see details in the next Section of the
Monograph).

Description of Parameters Given in Input File
(a) Description of Row Parameters:

A brief statement describing the extent of area which is going to be investigated, is
to be given as name, latitudes and longitudes, areal extent, location and its surroundings.
Areal variations in general, soil and climatic conditions, average crop-yield and the use of
technological production factors and the years which represent temporal dimensions of
spatial data are to be given. Number of OTUs and its average size should also be included
in this general description to understand basis of spatial variations of crop-yield phenomena.

(b) Parameters Associated with OTUs:

There are four main parts of input data file, which are associated with the data
drawn from various data feeding files. Part-A of the main input file shows identification
and general information (col 1-3), Parl-B includes soil characteristic (col 4-16), Part-C
accounts for monthly crop attributes pertaining to weather conditions (col 17-64) and Part-
D of the file includes variables related to input and crop-yield (col 65-70), though these
partitions are not shown in input data file.

Part- A: Identification and General Information (col 1-3)

Jq Each OTU of the area under investigation is identified in the 1D in first column by
a number like 19950001, 19950002, 19950003, ..., 19959999; eight-digits
designation to the identification of OTU wise-data for the each year. Out of eight-
digits designation, first four digits are assigned to the concerned years and last
four digits for OTUs identification which repeat for each year up to k™ years, while
the n® OTUs are assigned not more than 9999 because it may cover a much larger
spatial dimension (see spatio-temporal frame, Fig-3). Any OTU may be assigned
by any number. However, numbering to OTUs is to be assigned starting from any
corner of the area. Based on soil characteristics, the NBSS&LUP, Nagpur has
assigned the soil association numbers. If soil assimilation units given by
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NBSS&LUP are considered as such, the same ID numbers are to be assigned.
Otherwise any modified scheme of number assignment to OTUs may be adopted.

Once OTU base map of area under investigation is digitized with latitudes and
longitudes, the areal extent of each OTU is calculated in hectares and is placed in
second column of the input data file in four- digits designation for analysis of
output produced by the model.

This column includes the duration of crop season in number of days in three-digits
designation. If area under study is small, the crop-season duration may be considered
same for all OTUs. It will vary in OUT numbers as area under investigation becomes
larger.

Part-B: Soil Attributes (col 4-16):

4-6

Weight to the soil surface form (col-4), Parent material weight (col-5) and soil
depth class weight (col-6) of three-digits designation each assigned as per the
requirement of soil productivity to crop growth (Table-2)

Soil temperature (col-7), soil reaction (pH) (col-8), ground water depth (col-9),
surface stoniness (col-10), soil surface slope (col-11), degree of erosion (col-12),
soil floating (col-13) are noticeable attributes which determine the nature and extent
of soil fertility for plant growth and influence directly or indirectly the crop-yield
potentials. A three-digits designation for each column are given as assigned in the
main input data file. A scheme of classification of such attributes given by
NBSS&LUP, Nagpur for Indian soils are used to weight them (Table- 3).

Soil texture: A detail soil texture classification given by USDA Washington in the
form of texture triangle which is followed by NBSS&LUP, Nagpur for classifying
soils type by their particle size classes, was followed to assign the soil texture
weight (Fig-6). Different textural classes have different amount of available water,
infiltration rate and water holding capacity which guides to understand soil water
retention capacity, plant nutrients infiitration and drainge conditions of soils and
crop suitability and potential productivity of soils (Table-4).

Soil fertility status: The status of soil fertility based on macronutrients (N, P, K) in
a particular OTU was analysed and accordingly the fertility weights were assigned.
It is calculated by using ‘weight - age mean’ formula. The number to be input to the
file and soil fertility status are tabled as:



For example, suppose an OTU falls under a category of low status of O/C, medium
P.O; and K, O, the weighted mean of soil fertility status of that parameter OTU becomes
0.933 as [{(0.8+1.0+1.0)/3}= 0.933] (see Table-5). This value will be in three-digits
designation in col-15 of the input data file.

16. Average water holding capacity of soil: A three- digits designation of mm of water
per meter of soil depth of the upper horizon was calculated as per the given soil
texture. Water holding capacity varies with soil texture as given in the following
table. The value in weight as given in the last column of the table is the input to the
data file.

______ — silty clay
loam
sondy cloy  Jeessssscsseasepll. - o - o - o
leom

. SAND - 1.60

~

~

Ao Ioum;\“mndr loam
sand N\ song TS

100 -

] 10 20 30 40 50 60 70 B8O 90 IOg
PERCENT SILT

Fig.- 6: Soil Texture Triangle given by USDA, Washington

N.B. Soil bulk density (g/cm,) for each of the major soil texture
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Table- 2: Assignment of Weights for Topographic Attributes of Soil Productivity

Description NBSS Code Weight Number
A. Surface Form i
Dissected D 0.90
Hummocky H 1.10
Level L 1.25
Gently Sloping G 1.00
Undulating U 0.80
Rolling (0] 0.60
Steeping ] 0.50
Ridges R 0.50
Valleys v 0.50
Terraces ;o 0.50
Plateau & 0.40
Island I 0.40
Marches M 0.40
B. Parent Material
Alluvium A 1.20
Colluvium G 1.10
Acolian E 1.00
Granite G 0.80
Gneiss N 0.75
Schist S 0.60
Sandstone D 0.60
Basalt B 0.50
Limestone L 0.350
Glacial T 0.50
Marine Sediment M 0.50
Un-differential U 0.50
C. Soil Depth
Extreme shallow (<10 cm) 0 0.60
Very Shallow 1 0.75
Shallow 2 0.80
Slightly deep 3 1.00
Moderately deep (=75-100 cm) -4 1.25
Deep 5 1.50

N.B.

1. The classification of these soil parameters follows NBSS&LUP, Nagpur criteria.

2. Weight numbers assigned to the classes as arbitrary but assigned as per its importance
in soil productivity for crop growth.
Source: NBSS&LUP (1999): Soil of Assam for Optimizing Land use. NBSS Pub. 66: Soil of India

series, Nagpur.



Table- 3: Different Classes of Physical Attributes of Soil with their Weights

) Names Classes Weight
A. Soil Temperature Regime(Temp °C)
1. Frigid <8 0.50
2. Mesic 8-15 0.75
3. Thermie 15-22 1.00
4. Hyperthermic 22-28 1.15
B. Soil Reuction (pH)
I. Strongly acidic <45 0.60
2. Moderately acidic 45-55 0.80
3. Slightly acidic 5.5-6.5 0.95
4, Neutral 6.5-7.5 .15
5. Slightly Alkaline 7.5-8.5 0.85
6. Moderately Alkaline 8.5-9.5 0.80
7. Strongly Alkaline >9.5 0.50
C. Ground water depth (in m)
1. Shallow < 1.0 0.60
2. Moderately Shallow 1.0-2.0 1.00
3. Moderately Deep 2.0-5.0 1.20
4, Daey > 5.0 0.80
D. Surface Stoniness (in percentage of area covered of total area)
1. Slight <15 1.1
2. Moderate 15-40 1.0
3. Strong > 40 0.7
E. Surface Slope (in percent)
a Level 0-1.0 1.20
b Very gently sloping 1.0-3.0 1.10
¢ Gently sloping 3.0-80 1.00
d Moderately sloping 8.0-15.0 0.90
e Moderately sleep 15.0-30.0 0.80
f Steeply sloping 30.0-50.0 0.70
g Very steeply sloping >50.0 0.60
F. Degree of soil Erosion
1. Slight " 1.20
2. Moderate - 1.00
3. Severe - 0.80
4. Very severe - 0.60
G. Degree of Flooding
1. Slight - 1.00
2. Moderate - 0.90
3. Severe i 0.80
4. Very severe - 0.60

N.B: Name and values of classes are followed as given by NBSS&LUP (1999) and the weight of cach
class is assigned as per their importance and contribution to soil suitability and soil potential for
crop-growth.
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Table- 4: Available Water and Infiltration Rate for Different Textural Classes

 Particle Size cm of water permof soil  Infiltration rate Pmdsl?cllli\'ity
Ranges Average {cm/ha) Weight
Sand (G) 3.25-6.25 475 < 155 1.00
Loamy Sand (S) 6.25-10.50 8.50 10.0-12.5 1.10
Sandy Loam (L) 10.50-14.50 12.50 5.0-10.0 1.10
Loamy, silt loam, silt (M) 12.50-19.00 15.80 1.0-5.0 1.20
Sandy Clay loam (L) 14.50-17.00 15.80 05-35 1.10
Clay loam, silty Clay loam (M) 17.00-21.00 19.00 05-10 1.00
Silty clay (T). Clay (60%) (Y) 17.00-21.00 19.00 0.1-0.5 0.90
Clay (60%) (C.F) 13.00-17.00 15.00 0.1-0.1 0.80
N.B. 1. Soil productivity weights are assigned as per crop growth suitability in the soils. Soil weight may

be altered as per the soil suitability for a particular crop. For example. summer paddy 1s better
grown in silty clay and clay soils, higher weight may be assigned to these soils for suminer paddy

crop.

2. Symbols in purentheses in first column §

particle sizes.

ndicate NBSS&LUP classilication of soils based on its

Source: Sys, C. : Land Ivaluation, University of Ghent, Ghent (Belgium), c.f. NBSS&LUP (1994): Land
Resource Atlas- Nagpwr Distriet, NBSS Publication- 22, Plate No. 12.

Table- 5: Soil Fertility Status

Fertility Status Available Macro nutrients status Weight
O/C (%) P20s (kg/ha) K0 (kg/ha)
Low < 150 <20 < 118 0.80
Medium 1.50-2.25 20-50 118 - 280 1.00
High > 225 > 50 > 280 1.20
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Table- 6: Water Holding Capacity of Soils varying with their Texture

Soil Texture Water holding capacity in soils Soil Productivity
(mm of water/m)
Range Average Weight
Course Sand 20 - 60 40 0.60
Sand 40-90 65 0.80
Loamy Sand 60— 120 90 0.90
Sandy Loam 110150 130 1.00
Fine Sandy Loam 140 - 180 160 1.10
Loam and Silty Loam 170 — 230 200 1.30
Clay Loam and Silty Clay Loam 140 - 210 175 1.20
Silty Clay and Clay 130 - 180 155 1.00

Source: Isrealson and Hangon 1962, c.f, NBSS &LUP (1994).

Part -C: Attributes for Crop - growth (col 17 - 64):

17-28

29-40

41-52

53-64

The values of monthly potential evapotranspiration, PET, in mm in three-divits
designation are placed in the set of 12 columns. The PET data is transferred from
concerned feeding files created under the files- IL A and 11 B.

The values of monthly actual evapotranspiration, ET, in mm in three-digits
designation style are placed in the next 12 column.

The values of monthly soil moisture storage, ST, in mm in three-digits designation
are placed in the next 12 column of this part. The monthly data of such three sets of
attributes (that are varies in its present position) are transferred from the concerned
feeding file-1l where it is generated from conversion files-Il A and Il B through
developing an algorithm (as given in the next part of the Monograph ).

The values of monthly thermal efficiency, TE, in terms of heat index as it is a
direct function of temperature, are given in four- digits designation. Thermal
efficiency values are imported from data feeding file — II placed in this set of 12
columns in Table- 11.

Part - D: Input Factors and Crop Yield Data (Col 65-70):

65

Irrigation intensity in mm in two-digits designation as per the frequency of irrigation
for a particular crop is calculated and formatted in input file (Table- 7).
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Table- 7: Intensity of Irrigation

SI.No  Frequency of Irrigation Irrigation intensity (in mm)
1 Un-irrigated crop land 0
2 _Irrigated once 10
3 Irrigated twice 20
4 Irrigated thrice 30
5 Irrigated -fourth times and more 40

66-70 The input data pertaining to technological factors of yield and the observed crop-
yield data are arranged in the subsequent column of input data file as the intensity
of machine tool (Rs/ha) in four-digits, use of chemical fertilizers (kg/ha) in four-
digits, use of pesticide (kg/ha) in three-digits and crop-yield (kg/ha) in four-digits
arranged in the last part of the file. The data of such attributes for each OTU were
transferred from the data-feed file-111.

Preparation of Data Feeding Files to Format Main Input Data
There are three data feeding files which generate and format the input data for
establishing finally the formatted main input file for further operation (Fig.-7).

(i) Preparing Basic Data Feeding File-I: Transformation of soil attributes data
(17 col)

Calculation and arrangement of parameters pertaining to soil characteristics: Data
of 14 parameters of soil attributes as given by NBSS&LUP, Nagpur at soil assimilation
taxonomic unit have already been published for most of the states of India. The data feeding
file of these 14 attributes must provide a set of 13 soil attributes (4-16 col) and their weight
for the soil index which are arranged in 13 columns from col-4 to col-17 in the main input
data file as initially prepared. Water holding capacity given in mm placed in the last column
of the data feeding file-I, must be used in calculation of soil moisture availability for different
soils. Since soil characteristics are considered more stable attributes over time, this data
feeding file can be used for longer period of time to operate the models constants and
coefficients relating to soil characteristics. Description of these parameters has already
given in earlier parts with main input data file. The first three columns in this data feeding
file show the general information with spatio-temporal ID Codes (Table- 8).
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1. Data Feeding File — I: Soil characteristics (16 col file)

2. Data Feeding File — 11:

I1 A: Conversion of Spatial Dimensions

Conversion File-11 A: Point raw data into OTU data

Conversion of Monthly Temperature, T, and Precipitation, P, data of given meteorological
stations to OTUs

Spatial converters are based on polygons and distance-gradient method.

II B: Spatial Parametric Conversion

Conversion File- 11 B: Raw statistics into required erop-growth factor data

Conversion of spatially formatted data of monthly T and P of given OTUs to monthly PET,
ET and ST variables of crop-growth through Thornthwaite & Mather (1957) conversion
tables

III: Transfer of Input and Yield Data (7 col file)

Conversion File-11I: Input and Yield data conversion

Spatial conversion of input factors and Crop-yield data given at district level to OUT level

Fig. - 7: Creation of Data Feeding Files
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(ii) Preparing Data Feeding File - 1T

Establishment of data feeding file of crop growth factors as given in equation (3) is
a complex process of data generation in its required spatio-temporal format becauseé of
different spatial format of given raw data and a different sets of the data of growth factors
which are to be abstracted from given raw statistics of temperature, T, and precipitation, P.
Itinvolves two stages of raw data conversion: (A) the spatial conversion of monthly T and
P data into required spatial format of nth OTUs and (B) the conversion of the given data of
weather elements, monthly T and P, into crop-growth factors, namely PET, ET, ST and TE
that are used finally to prepare crop- growth indexes for the assessment of potential
productivity of land for CSSM.

(iii) Data Conversion File —II A: Conversion of Monthly T and P in its Spatial
Dimension :

Many geo-computation methods and geographical analysis machines were
developed to handle larger amount of geographical referenced data for solving spatial
patterning problems (Openshaw, et.al 1987, Goodchild 1997, Openshaw 1998). The tools
like dynamically linked spatial association visualizer were built for spatial data analysis,
which were based on Thiessen (dirichlet) polygons and spatial gradient functions (Anselin
1995 and 1998, Burrough and McDonnel 1998, Alvanides, Opensaw and MacGill 2001).
A simple tool, namely, spatial data converter, which is able to convert given geographical
information of a few points (i.e., centroids of fixed polygons) into required many more
points (i.e. dependents) located within the given polygons by creating spatial searching an
attribute is used here. Spatial data converter works by following an algorithm. The whole
operation of the tool is initially operated through the data of point locations in term their
coordinates and values of attributes as weights. The centroid points (i, X, Y)), the distances
between centroid and dependents (i, j,d, ;) within the polygons boundar:es (X 2 el g

i X,» Y ) are fixed elements of spatla] structure which works to convert the mformanon
relatmg to spatla[ attributes (Anselin 1998). Spatial data converter, SDC, algouthm mvo]ves
the following. :
Step-1: Read in X,Y data of all ith centroid and jth dependent points for an attribute like

monthly T (or monthly P) as weights only for centroids ith points, while depcndcnt
jth points are empty.

Step-2: Identify the central points among all possible nearest neighbor centroids from-
centroid, C1, to form the boundary of a centroid based polygon.

Step-3: Repeat Step-2 until all centroids posses their polygons. It is fixed structure t6 convert
the spatial weights. ‘
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Step-4: Calculate distance-gradients of given attribute as spatial weight for each direction
from the centroid considering j* is central point between two centroids that is
boundary point at which mean weight, Wm, equals {W, + W,)/2} and is fixed,

Step-5: Apply the same procedure to calculate spatial gradient weight of particle attribute
like monthly T or P on one direction as Wij = [W+ {(W +W_V 2}] /dij. :

Step-6: Repeat step 4 to 5 until all dependent points get the data of attribute else go to step
7

Step-7: Repeat the process Step -6 until the information of all given attributes are converted
into spatially distributed dependent point structure.

Step-8: Create output file in order of a spatial sequence as given OTU identification number
and point the result of monthly T and P in Data conversion file Il A, as demonstrated
( Table- 9, Apendix - I).

Step-9: Stop.

The output of spatially converted data of monthly T and P attributes as given in
rows of column 8 and 9 in Table- 9 is finally arranged column wise format in Table- 10 to
go for further operation

(iv) Data -Conversion File-II B: Spatial Parametric Conversion

Procedure of calculation of crop-growth Factors- PET, ET, ST and TE through
given spatially converted monthly T and P data:

We tried to apply direct mathematical functions for calculation of monthly PET,
ET and ST data for calculation of crop-growth factors data. Among many ET-computation
methods like FAO 56PM formulation, Penman method, Blanecy-Criddle equation and other
methods, the Blanecy and Criddle ( 1950 ) is judged ideal to establish T and ET relationship
(Singandhupe and Sethi 2004). The experiences show that Blanecy-criddle equation may
produce ideal results for site-specific cases rather than area/region-specific studies, though
it is easy to use. A widely accepted procedure which is based on standard water balance
equation (i.e., P= ETHIST+RO, where 8ST = monthly change in soil moisture storage and
RO= run-off) developed by Thornthwaite and Mather (1957) through the establishment of
required conversion tables including the tables of moisture retained in the soils after given
amount of accumulated potential water loss depending upon water holding (field) capacity
of soils, was used by developing an algorithm and computer programme. The computation
of monthly temperature efficiency, TE, was made to consider the heat index that is the
direct function of temperature (Thornthwaite and Mather 1957). The input to run the
algorithm is taken from well-formatted monthly T and P data as given in Table- 10. An
algorithm on water - balance table involves the following steps:
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Step-1;

Step-2:

Step-3;

Step-4:

Step-5:

Step-6:

Step-7:

Step-8:

Step-9;

Read in monthly T (°C) and monthly P (in mm) data of two sets of 12 columns each
(1to 12 for T and 13 to 24 for P) for {* abservations up to total kn as per given ID
codes in Table- 10.

Convyert monthly T, (°C) into menthly heat index (H, ) using Thornthwaite’s ‘base-
variable and power-constant’ equation as H,= (T, /5)"

Add H, for the whole year to calculate Heat Index; HI= &, H,.

Find unadjusted PET (Unadj PET) corresponding to T and HI from a given Table
(Thornthwaite and Mather 1957, Table-4).

Multiply unadj PET to location specific correction factor table value to convert it
into PET (Thornthwaite and Mather 1957, Table-6).

Find P-PET to count months of water deficiency.

Find Aceumulated water loss, AccWL, accumulating deficient amount of water in
each month.

Find monthly ST from corresponding value of AccWL in given soil moisture reten-
tion table prepared for different values of water holding capacity of soils
(Thornthwaite and Mather 1957, Table- 23 through 33). Water holding capacity is
identified from data-feeding file -1 (col-17 in Table- 8 in the present text).

Establish monthly change in ST, AST, computing its monthly soil moisture defi-
ciencies.

Step-10: Subtract ST from P to find ET only for the soil moisture deficient months as well

as soil recharge months; otherwise consider ET = PET.

Step- 11: Calculate monthly value of GI, WUE, FEI and TEI as per terms defined in equa-

tion ( 3) preceding Section ( for detail, see also the equations- 8 through 15 in the
next Section).

Step-12: Create output file to arrange monthly values of these attributes/ parameters and

print the result in data feeding file —II (Table-11, Appendix - I).

Step-13; Stop.
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Preparing Data Feeding File -IT1
Calculation of data pertaining to technological inputs and observed crop-yield:

It is a kind of conversion of district level given data of technological inputs as well as of

crop yield to OTU format to place the required data into a given spatio-temporal format of
input data file from its col- 65 to 70 in Table-1. Since the areal boundary of OTU does not
match with district boundary, the areal proportions of their cross-boundary units are
calculated to remove the spatial compatibility problem. Such cross-boundary areal units
are attributed to the weight of a particular attribute that is to be converted spatially. ‘ Weighted
Mean’ formula is used for the same. For example suppose some portions of the area of
three districts fall partly with in a particular OTU, the proportionate share of the area of
each cross boundary units falling within the total area of OTU is considered as ‘areal
relative weight’ of each cross-boundary unit, Wi, for a particular attribute to be converted.
Say for instance, the crop-yields of the different districts falling under a particular OTU,
Y, the weighted mean yield of that particular OTU, Y, becomes as Y = (WY, + W,Y, +
WY, + WY +W Y )=2E" WY where summation of W, W,, W,, ... . W_ equals unity
(Fig.- 8)

r’ﬂ

Fig.- 8: Map Showing Areal Proportions of Cross boundary areal units for Data Conversion
N.B.: W refers to OTU (shown by thin lines) and Y refers to district unit (shown by thick lines) at which the statistics of
attributes (say crop yield and / or technological inputs) are to be spatially formatted.
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It is obvious to say that the same procedure of assessment of crop yield is adopted
by District Agriculture Office in the country to predict district level crop yield of various
crops taking crop-cutting samples of crop during its harvest time from different soil belts
of the district. Of course, conversion of given data of district-based crop-yield to OTU-
based ones is an inverse procedure of the same method as adopted by District Agriculture
Office. On account of larger amount of data to be converted from district-based to OTU-
based spatial format, the spatial structure of the areal relative weights must remain constant
for all cases when district-based data of the attributes (that are technological inputs or crop
yield) are considered as variables and mean areal weights as constant for spatially formatted
data. To develop a fixed spatial structure for conversion of data relating to a particular
attribute, GIS and digitized boundary maps are advised to get the fast and accurate results
of generating the areal data of cross-boundary units and their areal weights, W . Major
steps to such conversion are given below:

Step-1: Read spatial data of area, A, and attribute values Y, of each cross-boundary units
falling within each OTU, that are + in number; a set of . Tows are to be established
in data conversion file-1II for each spatio-temporal ID codes (Table- 12). Note that
it is fixed set of , cross-boundary units of each OTU which is subsequently used
for the spatio- temporal conversion of data for different attributes.

Step-2: Calculate proportional shares of corresponding areal values of cross-boundary areal
units falling within each OTU, W _; the data are to be arranged in . sets

nln2,03.° "2 n'n

for , OTU in column- 3. The data of the column is used as constant for attributes
conversion.

Step-3: Corresponding attribute values of each cross-boundary units, Y, are to be placed in
col- 4 in Table -10. It is the variable to be converted.

Step-4: Multiply col- 3 and 4 to get weighted attribute value of iih units of ,setasW .Y _
and place the value in col- 5 in the Table.

Step-5: Add the rows up to for each OTU and place it in col- 6 which are finally converted
values of a particular attribute.

Step-6: Repeat the process until all IDs up to kn is over.

Step-7: Transfer converted values of all input as well as crop-yield attributes in the data
feeding file-1I1 (Table- 13, Appendix - III), '

Step-8: Stop.
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Table- 9: Data Conversion File — I1 A: Spatial Dimensions of Conversion of Month!
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Table-10:Spatio-temporal Arrangement of Spatially Converted Month ly P and T Data

Spatio-temporal
ID Codes

Mean Temperature (T in °C)

Total Precipitation (P in mm)

December

Uanuary

March

~

("

wn

s January
3 |™ [February
« March

:

g = [February

:

X000

§ %2 IDecember

= = =
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Table- 11: Data Feeding File — 11: Calculation of Crop Growth Factors through the Use of
Parametric Conversion of Monthly T and P
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Table- 12: Data Conversion File- 111
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Table- 13: Data Feeding File- 111: Transfer of Converted Input and Yield Data into
Formatted Data File

Spatio-temporal
ID Codes

Attributes related to Input Factors

C'.rop Grain Yield (kg/ha)

Use of Chemical
Fertilizer

iUse of HY Vs Seeds

~ [Machine Tools

{7

|

m+d

T IMaize

=
w

m+

X

& |— |lrrigation

:
§

§ 3 [Use of Pesticides

XXXX

XXXX

g

XXRX

19760002
19760003

1976 n
19770001

19770002
19770003

1977 n
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Arrangement of Data Feeding Files

Converted data of different required attributes, which are now formatted into a
common spatio-temporal based ID code format, are available in the feeding files created as
above. Generally, the data feeding file-I includes the attributes relating to Part A and B of
the main input file. Likewise data feeding files -1l and 111 obviously concern the attributes
relating to Part C and D respectively. A systematic arrangement of all data feeding files is
done to finalize the main input data file as given in Table- 14 which follow similar format
as given in Table- 1.

Using NBSS&LUP, IMD and State Government Statistics

There are three major sources of data to prepare the input data file and to run the
computer program.

(1) Data attributes pertaining to topographic and textual characteristics of soils from data
file can directly and easily be obtained from NBSS&LUP, Nagpur. Using NBSS&LUP
data format at state level analysis the boundaries of each OTU are delineated to consider
soil assimilation units of the given NBSS&LUP map. We can minimize the degree of
search of referred data on soil characteristics by using the soil statistics of theNational
Bureau. Secondly, NBSS&LUP soil classification is standard because it follows widely
accepted soil taxonomy given by USDA, Washington. The weight assignment of each
soil attribute is given by considering its role in potential productivity of land for
agricultural development in general and crop-growth in particular.

(2) A data sheet of monthly mean temperature and precipitation for many meteorological
stations location in the area under investigation for a longer period of time can be
obtained from Indian Meteorological Department (IMD), Pune to use it as raw data.
Through the use of spatial converter tool and conversion tables as described earlier.
such data are formatted into required crop growth factors and then arranged in main
input data file.

(3) Spatial and temporal statistics pertaining to technological input attributes like irrigation,
fertilizer use, machine tools, use of pesticides, weedicides and High Yield Variety (HYV)
seeds and even the observed crop-yield which were arranged in the last part of input
data file from col- 21 to col- m+ in the Table- 14, are easily available from the
published and unpublished records of Ministry of Agriculture, Government of India
New Delhi or Directorate of Agriculture, Directorate of Economics and Statistics of
the concerned states. District-wise data are easy to handle for the period considered for
temporal trends and crop-yield predictions. The results procured in the output file can
again be converted at district level for easy use of models result in connection with



Table- 14: Arrangement of Data Feeding File into Main Input Data File

Data Feeding Data Feeding Data Feeding
File-I File-11 File-111

Spatio-temporal
ID Codes
Duration of Crop
Season
Crop Yield

WUE
Inputs

= [FEI
8 [TEI

1

w

17 18 21..m m+1..m+(

§ ~ |IOTU Area

x |[& 5 :
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o
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acceleration of decision-making process by the state government agencies and district
level government departments.

(4) The spatial data of remaining attributes placed in input data file like soil fertility status,
water holding capacity, monthly soil moisture availability and so on are important and
have direct impact on soil productivity, crop-growth and potential productivity of green
biota. Since the data pertaining to available nitrogen (N) phosphorous (P,0,) and
potassium (K_,O) for different soils prevailing in the area under investigation are procured
in the institutions relating to agricultural studies like Agriculture University, Regional
Centres of Indian Council of Agricultural Researches (ICAR) and its state branches
and the Soil Divisions of Directorate of Agriculture at State level, such statistics may
be obtained from these offices. However, a few important tables regarding the data on
water holding capacity of different soils, soil fertility status, ideal crop-growth seasons
of the agricultural crops, genetic yield of different crops, etc. are also presented here
in compiled form to work as ready reckoner of missing data.

- 000 -

37



Section — 111

Synthesis of Input Data Files and Model’s Calibration

There are two main steps to use the model: one is to take before the use of the input
file as per the basic requirements of the model and another concerns calibration of model’s
parameters to get the model output error free. The description of such steps would be given
in detail to understand the synthesis of formatted input data and the procedures of sub-
models of the tool.

(A) Preparing and Formatting A Synthesized Input Data File:

Values of associated attributes/factors as given in data feeding files and later
transferred to the main input data file (Table- 14) are maintained in the synthesized input
data file for further use. The values of crop growth determinants associated with potential
productivity of land is the next step of CSSM requirement. That is why synthesization of
variables is suggested because of sorting out the variables which are directly linked to the
model for further operation. Synthesis of crop growth attributes is more associated to and
procedurally concerned with the following aspects of the analysis of sub models in the
present tool.

(a) Determinants Associated with Potential (Ecological Possible) Crop-Yield: Synthesization
of factors to establish determinants and indexes for potential crop-yield, A, is essentially
based on the requirement of equations (2) and (3) where PPI is obtained through the use of
five indexes determining potential productivity of land in relation to crop-growth parameters,
namely, SCI, GI, WUE, FEI and TEI (see notations of equation- 3 for detail). Besides soil
characteristics index called SCI, the PET, ET, ST and TE are common crop growth factors
which ultimately and finally result PPI in the process of factors synthesis. As equation (3)
indicates that the parameters related to plant growth index, water use efficiency and
photosynthesis efficiency are emerged as major attributes from the above three factors
while thermal efficiency is direct function of air temperature and temperature threshold in
crop growth environment. Reviewing critically the classical and neo-classical literate on
these aspects of crop-growth, it is implied that the classical concept of thermal efficiency
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and precipitation effectiveness (Thornthwaite 1931) which was used by Papadakis (1952)
as a plant growth index by establishing relationship between plant growth and thermal
factor was important. It was implicitly based in the use of basic weather factors and later
on modified by Reqiuer et al. (1970) by accounting incoming insolation, mean temperature
and humidity which were used in the form of PET, ET and ST as strong factors (as they
were called parameters) of plant-growth (De Witt 1958, John and Smith 1975, McCall and
Bishop and Hurlley 2003, Kang et al. 2003). The requirement of sub-model’s equation (3)
and their procedural details are forwarded in the following manner.

(1) Weight allotted to each soil-element as given in the first part of main input data file (j
=4 to 16" columns) were added to get their composite score ¥ SC, and divided by a
value, £ SC ¥, that is the representative of ideal composite score to get composite index
of soil elements for a particular areal unit, SCI.. The ideal composite score is calculated
with the consideration of soil suitability for the optimal growth of a particular crop.
Identification of ideal weight of each soil element is, though it is a cumbersome task,
done with the help of a soil science manual. It may provide a strong base for the
calculation of soil attribute weights as well as ideal composite score for a particular
crop. A set of simplified tables of the weights of soil attributes is given in the earlier
sections of the monograph. The mathematical form of composite index of soil element
is written as

SCL=(X SC}/ (£8C*¥). ... - 7]

The value of the ideal composite score, ZSC *, may vary spatially because of variations
in climatic conditions and use of modern agnculture technology. The farmers adopt and
alter their crop-duration and crop-season as per applied irrigation technology which also
influences nutrient status of soils and compels the farmers to change the ideal weight
value of the soils. Thus, the given scheme of the weights for the elements of soil is
enough flexible.

(2) It is generally viewed that crop-growth has direct proportion to the ratio of ET/PET
(Johns and Smith 1975, McCall and Bishop-Hurley 2003, Kang et al. 2003). Calculation
of ratio of ET/PET was made not only to construct the crop-growth index, G, as required
for sub-model (eqn- 3), but also to understand actions of temperature, soil moisture and
evaporative demands for crop-growth. The remaining four indexes for the measurement
of PPl are calculated with the use their ratio as:

(a) There is no vegetative growth at sowing time of a particular crop but growth factor
ET/PET remains active throughout the year. In order to measure crop-growth index,
Gl, the relative growth factor is considered as unity at sowing time when there is
no crop-growth. The relative growth is assessed dividing monthly figures of (ET/
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PET) distribution of the crop-season by a constant, that is (ET/PET)*, a growth
factor at sowing time of a practical crop. Thus, the crop-growth index is written as

Gl ="/m Z{(ET/PET){ET/PET)*}, (8)

where m is number of months of total duration of crop season. The ET and PET
values for each month of different years are compiled in data feeding file (see
Table-11).

(b) The mechanism of water (soil moisture) use for crop-growth, W, that is indicative
of soil moisture storage, ST, per unit of field capacity under a tension of about one-
third atmosphere, FC, written as

W = (ST/FC). ©)

Computation of variables of such functions is largely dependent on many established
soil-water relationships and initially with the basic equations related to hydraulic
conductivity of different type of soils (Jons and Smith 1975). However, a well-
documented and largely accepted conversion tables of soil retention capacity given
by Thornthwaite and Mather (1957) are used.

Since crop-growth is a function of water use, (ET/PET) = f(w), its (water use)
optimal level, w¥*, may be assessed by way of the field observations. Optimal
requirements vary month-wise and crop-wise. For example, paddy needs minimum
requirement of 180mm soil moisture with FC of 200mm/m in the month during
vegetative growth (W = .9), while wheat needs W = .75 and millets (Jawar/Bajra)
W =.50 even less to grow optimally. Water deficiency for crop can also be assessed
by these ideal level of water requirements. The values of W are found at given
minimum requirements of moisture in the root zone soil of one-meter for given
crop of specific environment conditions to feed in the above equation. Now, water
use efficiency index, WUE, must be written as

WUE = 1/m Z(W/W*), (10)

where m accounts number of months during crop-season. For example, if w* is
recorded higher during May to June in one of the OTUs, it means that there is
deficiency of rain water during these months. Overally, WUE must be less than

unity (Fig.- 9).
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Fig.- 9: Seasonal Variation in Water Use Efficiency

(c) When the duration of photosynthetic efficiency during vegetative growth (tc-tf)

{that includes the duration of initiation growth phase which starts after a few days
of sowing when seedlings come out (tc-td) and fast vegetative growth phase (td-tf)
at the time of inflorescence emergence and flowering of the crop growth, tf} is
shorter than the degree of efficiency of radiation used in the process of
photosynthesis to reproduction becomes higher nd vice-versa (Mc Call and Bishop-
Hurley 2003). A ratio of total crop-season duration, D, with the duration of
reproduction growth period (te-tf), is a representative of the use of photosynthetic
efficiency by plants. Photosynthetic efficiency index, FEI, is made to fix the ideal
time duration of vegetative growth period as (tc-tf*), though it varies in different
environmental conditions. The data pertaining to (tc-tf*) may be collected by field
observation of farmers. While (tc-tf) is generated by differentiating ET/PET as
function of time, t and setting it equal to zero as

d(ET/PET)/dt=0, (11)

and then getting solution for t, the FEI for a particular observation is calculated as
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FEL = [{D/(tc-tf) } / {D/(tc-tf*)}]. (12)
Simplifying it, we get
FEI = [(tc- tf*) / (tc - tf)], (13)

where tc is constant pertaining to sowing time duration say 15 days (Y2month)
from the sowing time. The required value of such constant can be enquired from
farmers at the time of field visit. tf is flowering time obtained through differential
equation (11) or through observations and tf* is ideal flowering time, another
constant imposed by basing on the farmers’ observations. The sowing, flowing and
harvesting times of principal crops vary in different areas. The required data of
sowing, flowering and harvesting times of a particular crop may be obtained either
from weli-established crop calendars or from the farmers’ observations.

(d) Thermal efficiency is indicative of a receipt of temperature for accelerating different
processes of plant-growth, Thermal efficiency, TE, is a function of the consideration
of three levels of heat index, namely, the monthly heat index, H, that is variable
and is calculated from observed temperature data as given in Table- 11, the minimum
required heat index at which seeds germinates, crop growth starts and crop growth
simulation takes place that is called base (or threshold) heat index, H)hm, as constant,
and the monthly optimal level of heat index for proper crop-growth during vegetative
as well as reproduetive growth phases, H *, that is another variable. Thus, monthly
thermal efficiency is a ratio between them as:

TE,= [(H= Ho) / (HX - H D), e (14)

where H P is constant. Then temperature efficiency index, TEIL, for a particular
crop season and for an ith observation, may be written as
TEL = 1/m “ [(H - Hy )/ (H* - H )], (15)

where m is number of month during crop season. For example, several studies
indicate that threshold temperature for summer paddy crop is estimated to be 10°C
s 2.856) and the maximum 33°C (H = 17.4096) but must not exceed
42°C (}I = 25.0818), while the range of optlma] temperature varies from 25°C in
May to 30°C in June and July (vegetative growth phase) and 28°C(H= 13.5755)in
October at the time of harvest (reproductive phase). It means that heat indexes, H,
andH*, vary temporally while H is constant which determines tcmperature
efficiency (Fig .- 10)

Jbase
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() Data pertaining to crop genetic coefficient, m, are also required to convert potential
productivity of land index PPI values into the maximum possible yield, A, as per
the requirement of sub-model (eqn- 2).

Genetic coefficients are derived in many ways by many scientists considering
variation in agro- ecological conditions and grain development stages of a particular
crop. Indian Council of Agricultural Research (ICAR), New Delhi developed a
data bank on genetic crop yield for the principal crops grown in India on the basis
of their phenological development and crop management in choosing the sites of
different agro-ecological conditiops under the First Line Transfer Technology
Projects (Prasad, et al. 1987). Such values of genetic crop yield assessed on
experimental basis may be used for the genetic coefficient in the model
(Table- 15).
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Table- 15: Genetic Crop Yield (qu/ha) of Principal Crops in Different Agro-ecological

Conditions
Agro- Paddy ~Wheat Maize Jowar Bajra  Gram Grd. Potato
Ecological Nut
Zones

I. Western 47.1 28.6 31.0 - - - - -
Himalayas

Il. NE Mts and 36.5 18.7 38.0 - - - - -
valleys*

I11. Lower 326 20.8 - - - - - -
Ganges
Plains

IV. Middle 44.6 375 | - B 19.5 13.0 -
Ganges
Plains

V. Upper 46.1 49.7 e gl - 23.0 - - 249.8
Ganges
Plains

VI. Punjab 78.8 43.7 325 - 254 10.0 - -
Plains

VII. Central 43.3 26.5 31.3 314 - - 18.3 -
Plateau

VIII. Central 422 26.6 36.3 333 19.5 - 18.3 -
Highlands

IX. north 38.5 26.8 16.3 31.1 317 - - -
Deccan

X. South 523 238 51.0 55.1 - 16.2 25.0 -
Deccan

XI. East Coasts  50.6 23.6 - 16.5 26.7 - 10.9 B

XII. western 40.0 26.6 15.0 314 31.7 8.3 1.5 B
Coasts

XIII. The - 39.0 21.6 - 323 - B 285.4
Gujrat

XIV. The Thar 33.0 41.6 40.8 353 19.5 - - -

All India 48.3 37.1 326 34.0 252 14.1 16.7 240.7
Average

N.B.* It includes Brahmapuira valley (Assam state only). The crop-yield statistics for different Agro-
ecological zones were compiled by the author, see Singh (1994, Table 4.8).

Source: 1. First Line Transfer of Technology Projects, ICAR, New Delhi, 1987
2. National Demonstrations Project- An Overview, ICAR, New Delhi, 1985.



(b) Establishing the Synthesized Data File:

ot

Step-

Step- 2:

Step- 3:

Step-4:

Step- 5:

Synthesization of data file includes the crep growth parameters for calculation
of the PPI values. The spatio-temporal pattern of such variables in addition to
the main attributes which are more concerned with the simulated yield analysis

are arranged together in this file (Table- 16). Following are major steps to create
the file.

Transfer spatio-temporal ID, its area, duration of crop season, seasonal heat index,
seasonal amount of precipitation and monthly mean of soil moisture during crop
season from the last part of data feeding file-II (Table-11) and finally arrange them
in the established file.

Calculate SCI dividing®SCj by 8SCj* of the concerned file and place the index
value in col- 9 of existing established synthesized data file in four- digits designa-
tion

Transfer index values of crbp growth from Table- 14,

Generate a column fora given genetic coefficient as col- 14 in four- digits designa-
tion in the existing synthesized data file.

Transfer formatted input and crop-yield data given in cols- 21 to m+—£and the last
part of the main input data file (Table- 14) to the last part of existing established
synthesized data file ( Table — 16).1t is important to note here that, if we use one
input factor model for a particular crop, only one column is to be established for
technological input and one-column for crop-yield. We would exemplify the use of
one-input factor form of CSSM for the analysis of fertilizer use efficiency, FUE for
summer paddy crop yield in the monsoon lands of Brahmaputra valley in the next
part of the discussion.
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(B) Calibrating the Parameters of CSSM

In order to get the error-free output of the model, a stochastic least-square method
is significant to test the validity of CSSM. Considering crop-yield and technological input
factors data as given in last part of synthesized data file (col 15 to 16) and assuming that
crop-yield, Y, is the function of input factors as X variables say Y= f(X ), the best-fit
statistics is used to calculate the coefficients of the function, that are A and B, with the
degree of error term SE. t test value for testing level of significance and coefficient of
determinant R?. Since we have now formatted temporal data of each OTU and OTUs are
considered as base of spatial features of crop-yield, the best setting of the yield function
(eqn.- 1) with the temporal data of OTU is done to calibrate the parameters of the model, A
and Bn, into its best fit value to check the error term SE and maximize the R? in its
temporal distribution. There will now be total number of sets equal to total number of
OTUs and the number of observations must be equal to number of years, k, for each set of
"OTUs. The best fit statistics is used to get A, and B , coefficients for each set of OTU.
Note that A which is achieved by using deterministic process of PPI calculations, can not
match with the values of A calculated through applying the yield function for each OUT. In
order to equate both the values of maximum possible crop yield calculated by the
deterministic procedure, defined as A, and stochastic method, as A, the value of genetic
coefficient, m, is modified since PPl is resu!tant of the deterministic variables pertaining to
soil and weather elements in its spatio-temporal frame. The modified coefficient m of
equation (2) is to be written as m-__ to calibrate the parameter A of the model and to
integrate the effects of technological factors with the factors of crop ecology in the process
of crop yield estimation. The value of m—_, is calculated by simplifying equation-2
form- .as

Since A=A, and

A =m. PPl as per equation-2, then

A=m- . PPI,and

the equation for m-midi must follow the condition as

ms .= (A FPPI), (16)
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A simple algorithm is used to calibrate the model for different OTUs (Fig.- 11). Main steps
to set the model’s parameters for single technological input factor are as follows:

Step- 1: Rearrange data in the set of kth observations for each OTU

Step-2:

Step-3:

Step-4:

Step-5:

Step-6:

Step-7:

Initiate the linear form of the model (eqn - 5) with the help of X and Y, given

data in the last part of synthesized data file (Table-16) for " OTUs and kth
observations.

: Calculate parameters A and B of given equation (1) and then get corresponding

estimated crop-yield values in Y _ vector form.

Calculate the Standard Error, SE of Y, distribution, the significant test for slope
gradient and degree of determinant, R* in the distribution and repeat the process
until nth sets of OTU are over.

Alter the value of parameter Ad with the help of achieved m-_ . coefficient fora
given equation for each OTU.

Find m-_,. for each observation and write values in output file to calculate the
parameters of the yield function (Table- 17, Appendix —IV).

Stop.

Note: Theoretically, Y_and Y_must follow linear equation Y,=Y_ wherea=0and b=1.0.
Check the best fit distribution. calculating parameter of linear cquatmn and print in output
file for model’s validation.

Now, one can proceed further for detail description of results from the simulated

yield data given in output file produced by the tool. The first part of Table— 16 ( its 9
columns) is reproduced as such because these attributes provide the bases of the
interpretation of output results (Table-17 ).
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Arrange Input Yo, X for each OTU,
k= number of years

'

/ Input Yo, X for each OTU /

Initialized eqn. 5
Ye'=A'+B(A)" (X)"

y

Calculate A, B, SE, t and R’

goto N

End of
File ?
Y

Equate A, = A4
M=yodi = A, /PPI

v

Replace m with m-,.g

Fig. - 11: Flow Chart of Calibration Module for Parametric Setting and Model’s Validation
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Section — IV

Demonstrating the Tool

A demonstration of spatio-temporal crop-yield analysis tool is made in the form of
its many steps starting from the table of available raw data statistics to its well-formatted
spatio-temporal output matrix. In order to demonstrate the procedural steps of the tool, the
Brahmaputra valley situated in the North-Eastern parts of India, is considered as study
area. Summer paddy is the dominant crop of the valley, while paddy vield , Y, and one
technological input namely the use of chemical fertilizer, X. have been taken into account
for the demonstration of tool. The valley extends between 252302 to 28° 092 N latitudes
and 89°422 to 95° 162 E longitudes and covers about 89,580 sq. km. area of the state of
Assam with its nearly 950 km. length from East to West and 60 -100 km width at its North
to South direction varying with elevations from 32m to 135m above m.s.1. (Fig.-12). The
valley is formed by alluviation processes of soil deposition and is considered as ‘rice-
bowl’ of the North-East. Alluvial plains provide stable base of the growth of paddy corp.
However, a significant degree of weather variability is recorded in the valley as the monsoon
lands of high humidity. Collecting statistics pertaining to (a) the soil characteristics in the
form of modified 39 soil association units (i.e; OTUs) from the Report and Soil Map prepared
by the Regional Centre, NBSS and LUP, Jorhat for the whole of Assam State at RF 1:500,000
(scale lem = 5km) (NBSS and LUP 1999), (b) the monthly mean temperature and:
precipitation of seven meteorological stations for the last 29 years (1975 -2003) from
Regional Centre, Indian Meteorological Department, Guwahati, (¢) the annual average'
yield of summer paddy and kharif season fertilizer consumption statistics for the eleven
districts which fall under the valley for the same period of time from the Offices of the:
State Government, Guwahati, a sct of three data raw tables are prepared. There are in all
six steps to finally obtain the simulated crop yield and its associated parameters.
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Table- 19: Monthly Temperature and Precipitation Data of Meteorological Stations
(C1, C2, C3, C4, C5, C6, and C7) for 29 years (1975-2003)

Station Year Month Temperature °C Precipitation (in mm)
C6 1975 2 18.75 92
Cé 1975 3 20.80 150
cé 18175 4 23,590 156
co | 1875 5 25.60 259
cé 1975 6 26.15 758
Cé 1975 7 27775 329
cé 19775 8 271.20 649
Cé6 1905 9 27.530 342
Ccé6 1975 10 25.00 156
cé 1975 Ll 22.30 67
cé 1875 12 18.70 27
Cé 1996 il 18525 0
Cé 1976 2 18575 92
cé 1976 3 20.80 150
Cé 1976 4 23.90 156
cé 1976 5 25.60 ] 259
cé 1976 6 28.: 15 758
€6 | 1976 7 2i1.15 529
Cé 1976 8 2k 20 649
cé6 1976 8 21,30 342
Cé 1976 10 25.00 156
Cé 1976 31 22.30 67
ce 1976 12 18.70 27
cé 1917 1 17.00 66
cé 1977 2 19.05% 96
Cé 1977 3 22.70 139
cé 1977 4 21.80 552
cé 1977 b 24.65 387
cé 1977 6 25155 874
cé 1977 i 2315 757
Ccé 1977 8 2815 1323
cé 1977 9 27795 317
cé 1977 10 24.10 346
Cceé 1977 11 21.60 120
cé 577 12 18.40 P5
Céb 1978 & 17410 e
Ce 1978 2 18.85 76
Cé 1978 3 21.00 b3
Cé 1978 4 23,25 126
Ccé 1978 5 23,87 330
cé 1978 6 27+25 1058
Cé - 1978 i} 27.15 1717
Contd...
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Table- 20: District - wise Crop Yield and the Use of Chemical Fertilizer
for 29 years (1975-2003)

SI.No Years/ Districts Yield (kg/ha) Fertilizers Used (kg/ha)
1975-76
1 Dhubri/ Goalpara 970 0.001
2 Kokrajhar 970 0.001
9 Bogaigaon 970 0.001
4 Kamrup 969 0.005
5 Nogaon 1274 0.005
6  Darrang 1192 0.005
7 Jorhat 1275 0.008
8 Tinsukhia 1297 0.008
9  Dibrugarh 1200 0.007
10 N.Lakhimpur 1272 0.001
11 K. Anglong 1212 0.001
1976-77
1 Dhubri/ Goalpara 977 0.001
2 Kokrajhar 977 0.001
3 Bogaigaon 977 0.001
4 Kamrup 764 0.006
6 Darrang 1092 0.006
& Nogaon 1150 0.006
7 Jorhat 1150 0.006
8 Tinsukhia 1212 0.006
9 Dibrugarh 1322 0.008
10 N.Lakhimpur 1210 0.001
11 K. Anglong 1107 0.001
1977-78
| Dhubri/ Goalpara 1043 0.001
2 Kokrajhar 1043 0.001
3 Bogaigaon 1043 0.001
4 Kamrup 892 0.007
5 Nogaon 1131 0.007
6 Darrang 1092 0.007
7 Jorhat 1131 0.007
8 Tinsukhia 1260 0.007
9 Dibrugarh 1368 0.006
10 N.Lakhimpur 1288 0.001
11 K. Anglong 1361 0.001
Contd...
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Step-2: Conversion of monthly T and P in its Spatial Dimension (used for Data
Feeding File-11):

Table--21: Formation of Spatial Structure with Thiessen Polygons and Spatial Gradients
between Centroids and Dependent (See Figs. — 14 & 15).

Centroid Polygon  Distance (km) Direction Direction Distance from
Alignment Centroid
Dhubri (C1) €l to A 98
1 48.4 1
z 80.7 i
3 80.5 it
35 -96.0 1
S 12.8 ‘ 1
Guwahati (C2) C2 to A 98
€2 to B 0.2
C2 1o C 67.2
4 98.3 2
5 65 2
6 46 &
7 54.8 3
8 44.9 3
33 -26.8 4
34 12.5 &
36 13 2
Tezpur (C3) &3 to B 50.2
C3 to D 39
C3 to E 58
9 =50,3 5
10 40.8 5
1l =20.2 5
=7 =52.6 5
38 =207 7
Lakhimpur (C4) C4 to D 3%
C4 to F 70
C4 to G 80
12 1.3 10
13 -6.3 8
14 20.6 8
39 -26 9
Contd...
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Step -4: Conversion of Statistics Related to Crop-yield and the use of Chemical
Fertilizer data into its formatted file (see Data Feeding File-I1I)

Table- 24: Formatted Data of Crop-yield and the use of Chemical Fertilizer

OTU Summer Chemical
Paddy Yield Fertilizer

(kg/ha) Used (kg/ha)

20000001 1405.07 0.0407
20000002 1362.28 0.0562
20000003 1119.96 0.0411
20000004 1535:92 0.0923
20000005 1406.23 0.0606
20000006 1394.40 0.0584
20000007 1567.00 0.0980
20000008 1567.00 0.0980
20000009 1567.00 0.0980
20000010 1567.00 0.0980
20000011 1567.00 0.0980
20000012 1555.33 0.0916
20000013 1567.00 0.0980
20000014 1567.00 0.0980
20000015 1418.18 0.0113
20000016 1408.46 0.0114
29000017 1475.05 0.0697
20000018 1490.74 0.0722
20000019 1465.00 0.0770
20000020 1818.00 0.0152
20000021 1883.00 0.0307
20000022 1840.86 0.0303
20000023 1887.00 0.0320
20000024 1887.00 0.0320
20000025 1887.00 0.0320
20000026 1164.06 0.0052
20000027 1247.81 0.0144
20000028 1623.92 0.0820
20000029 1438.19 0.0537
20000030 1165.64 0.0122
20000031 1559.94 0.0722
20000032 1729.00 0.0980
20000033 1655.58 0.0892
20000034 1510.52 0.0590
20000035 1252.68 0.0389
20000036 1462.64 0.0661
20000037 1429.00 0.0400
20000038 1697.66 0.0980
20000039 1855.09 0.0453



20010001
20010002
20010003
20010004
20010005
20010006
20010007
20010008
20010009
20010010
20010011
20010012
20010013
20010014
20010015
20010016
20010017
20010018
20010019
20010020
20010021
20010022
20010023
20010024
20010025
20010026
20010027
20010028
20010029
20010030
20010031
20010032
20010033
20010034
20010035
20010036
20010037
20010038
20010039
20020001
20020002
20020003
20020004
20020005
20020006
20020007
20020008

1529,
2086.
1769.
2208,
2168,
2160,
2230,
2230,
2230,
2230.
2230,
2191,
2230,
2230,
1706.
1703,
1981,
2003,
2003.
1990.
1894,
1841.
1887.
1887.
1887.
181
1R
2120.
1763.
1240.
1997.
2322
2285,
ol2d.,
1595.
2196,
1505,
2304.
1974,
1929,
2160.
1857.
2134
2191,

2190.7

2140,
2140.

18
82
315
48
a1l
56
00

0

i

0
0
0
0
0
0

0

0

GOQGOCDDOGOCODOODOOOOOOOOODOOOOOOOO

20757
.0614
.0687
L0875
.0630
0617
.0920
.0820
.0920
.0920
.0920
.0865
.0920
.0920
170
D171
.0631
.0650
.0690
.0180
.0347
.0343
.0360
.0360
.0360
.0101
.0184
L0779
D523
.0162
.0692
. 0920
+0DB52
SO
L0737
.0673
.0770
.0920
.0473
.1630
.0850
.1060
0659
.0848
.0862
.0680
. 0680

66



20020009
20020010
20020011
20020012
20020013
20020014
20020015
20020016
20020017
20020018
20020019
20020020
20020021
20020022
20020023
20020024
20020025
20020026
20020027
20020028
20020029
20020030
20020031
20020032
20020033
20020034
20020035
20020036
20020037
20020038
20020039
20030001
20030002
20030003
20030004
20030005
20030006
20030007
20030008
20030009
20030010

Contd...

2140.
2140,
2140.
A=t 8y
2140.
2140.
1R,
174
2081.
2105.
2105.
2089,
19050
1822.
1967,
L9677,
1967,
1263,
1389.
2149,
U
1316.
2032,
2340.
2308.
2463 .
1859.
2224.
1924,
2301,
2042.
1529:,
2160,
1857,
2134.
o i
2190.
2140.
2140.
2140.
2140.

COQVOQOODOOOO0OCOCUO0OOOLO0OO00CO0DDO0GCoDoGD o0

.0680
.0680
.0680
.0649
.0680
L0680
.0262
.0262
.0566
L0575
.0610
.0188
.0515
L0509
.0540
.0540
.0540
.0050
.0128
.0567
.0368
.0075
.0498
.0680
.0720
1140
.1419
.0824
.1720
.0680
.0568
.1630
.0850
.1060
.0699
.0848
.0862
.0680
.0680
.0680
.0680
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Appendix - [

Conversion of Monthly Temperature (T) and Precipitation (P) in its Required Spatial
Dimension

2 *kkkd GCENDAT.BAS ***+
' Generates data from CSSMDA.2 (obtained from the excel file)

' for the 7 different stations and the corresponding polygon
elements
1

DIM dist$(18), wt(1l8, 24), as$(18), tS, tm(7, 12}, rf(7,
12, EB5 (7

DIM gradtm{12), gradrf(12), Otm(12), Orf(l2i; d(24),
b$(39), yr(29)

FOR i = 75 TO 99

yr(i - 74) = i
NEXT
FOR i = 2000 TO 2003
=4 - 1974
VE(G) = &
NEXT
' INPUT "Enter the input filename :"; finp$
! INPUT "Enter the year :"; yr
FOR y = 1 TO 29
PRINT TIMES; ", .:.: Processing data for the year..... %

yr(y)
OPEN "cssmda.2" FOR INPUT AS #1

' Create a temporary file based on year only
OPEN "cssmda.tmp" FOR OUTPUT AS #2

i IF EOF(1) THEN 2
INPUT #1, a$
IF VAL(MIDS(a$, 15, 4)) = yr(y) THEN PRINT #2, a$
GOTO 1

2 CLOSE #1, #2

"

T

Read temperature and precipitation for 12 months for each
station
1
OPEN "cssmda.tmp”" FOR INPUT AS #1
3 IF EOF(1) THEN 4
INPUT #1, a$
i = VAL(MIDS§(a§, 2, 1))
J = VAL(MIDS (ag$, 23, 2))
tm(i, j) = VAL(MIDS$(a$, 30, 5))
EEfL VAL (RIGHTS (a$, 5))
GOTOC 3
4 CLOSE #1

1



Create t

he output file with the above data

OPEN "dref" FOR INPUT AS #1
finp$ = "D" + LTRIMS (STR$ (yr(y)))
D1§$ = finp$ + "™.1"
D2$ = finp$ + ".2"
D3$ = finp$ + ".3"
D4$ = finp$ + ".4"
D5% = finpS + ".5"
i D6S = finpS + ".o"
D6$ = "Dall.O"
OPEN finp$ FOR OUTPUT AS #2
INPUT #1, a$
PRINT #2, a$

INPUT #1, a$
PRINT #2, SPACES$(75) + a$

'Dhubri (C1

) Data Creation

INPOT #1, a$
PRINT #2, a$ + SPACE$ (14);

i =

3

FOR j =71 T0:12
PRINT #2, USING ("##.## "); tm(i, 3
NEXT 3
PRINT #2, SPACES(4);
srf = 0
FOR § = 1 T0 12
PRINT #2, USING ("####.4% "); rf(i, j):
sxf = a¥f + rf{iwH
NEXT 3
PRINT #2, srf
FCR i = 1 TO 3
INPUT #1, a$
PRINT #2, SPACES(15) + a$
NEXT
FOR i =1 TO 2
INPUT #1, a$
PRINT #2, SPACES$(14) + a$
NEXT
'Guwahati (C2) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES(14);
i=2
PR ) = 1 PG 12
PRINT #2, USING ("##.## "); tm(i, j);
NEXT j
PRINT #2, SPACES(4);

a8



srf = 0
FOR 4 =1 T0 12

PRINT #2, USING ("####.# "); rf(i, 7J):
srf =isTF &+ rE{i, 33
NEXT 7

PRINT #2, srf
FOR i = 1 TO 2
INPUT #1, a$
PRINT #2, SPACES$(35) + a$
NEXT
FOR 4 = 1 TQ 5
INPUT #1, a$
PRINT #2, SPACES(15) + a$
NEXT
POR 42.= 32 703
INPUT #1, a$
PRINT #2, SPACES(14) + a$
NEXT
'Tezpur (C3) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES(12):

1=y
FOR. A= 1 o 12
PRINT #2, USING ("##.## "); tm(i,
NEXT 7
PRINT #2, SPACES (4);
srf = 0

FOR j = 1 TO 12
PRINT #2, USING ("####.# ™); rf(i, J);
grf = srEtinf il )
NEXT 3
PRINT #2, srf
FOR 1 =1 TO 2
INPUT #1, a$
PRINT #2, SPACES(35) + a$
NEXT
INPUT #1, a$
PRINT #2, SPACES(15) + a$
PR 41 = 1 70 4
INPUT #1, a$
PRINT #2, SPACES(14) + a$
NEXT
'Lakhimpur (C4) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES (14);
i=4
HOB s a2

40



PRINT #2, USING ("##.
NEXT 3
PRINT #2, SPACES (4);
srf = 0

FOR § = 1 TO 12

PRINT #2, USING ("####.4

srf = srf + rf(i, )

NEXT 7

PRINT #2, srf

FOR i 1 30 2
INPUT #1,
PRINT #2,

n)

a$

SPACES (35)
NEXT
FOR i

1 TO 4
INPUT #1,
PRINT #2,

a$

SPACES (14)
NEXT

'Dibrugarh (C5) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES(14);
i 8
FOR 9

170 12
PRINT #2,
NEXT 9§
PRINT #2,
srf = 0
FOR j = 1 TO 12

USING ("##.

SPACES (4) ;

PRINT #2, USING ("####.# ");
srf = sxf + rf£(d, 3)
NEXT 5
PRINT #2, srf
FOR i = 1 TO 2
INPUT #1, a$
PRINT #2, SPACES (35)
NEXT
FOR i =1 TO 6
INPUT #1, a$
PRINT #2, SPACES(14)
NEXT

'Pashighat (C6) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES(14);
i b 6
FOR 5

1 PO 12
PRINT #2,

NEXT j

PRINT #2,

USING

SPACES (4) ;

("##:

## "); tm(i, j)¢
Pnkildy 33

+ a$

+ a$

## Myoemtay 30

s A i S | U

+ a$

+ a$

i M tmldy )0
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sxf = 0
FOR J = 1 70 12
PRINT #2, USING ("####.% "); rf(i, §);
sxf =.grf + rf(i; )
NEXT j
PRINT #2, srf
FOR i =1 TO 3
INPUT #1, a$
PRINT #2, SPACES$(14) + a$
NEXT
'Lumding (C7) Data Creation
INPUT #1, a$
PRINT #2, a$ + SPACES(12);
i=7
FOR j = 1 TO 12
PRINT #2, USING ("##.## "); tm(i, 3);

NEXT j
PRINT #2, SPACES (4);
srf = 0

FOR § = 1 TO 12
PRINT #2, USING ("####.# "); rf(i, 3):
arf = srr 4+ i, 3
NEXT 5
PRINT %2, srf
FOR 4 = 1 70 3
INPUT #1, a$
PRINT #2, SPACES (35) + a$
NEXT
FOR i = 1 TO B
INPUT #1, a$
PRINT #2, SPACES$(14) + a$
NEXT
CLOSE #1, #2

End of data creation (based on year input) module.

1.BAS

Pick up the following from the input file
Direction information,

Distance from centroid,

and rainfall (if available)

Store them to output file

OPEN finp$ FOR INPUT AS #1
OPEN D1$ FOR OUTPUT AS #2
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INPUT #1, a$
i} IF EOF(1) THEN 6
INPUT #1, a$
Records with temperature and precipitation data
IF MID3{a%&, 36, 1) = "g" AND LEN(a$) > 200 THEN PRINT #2,
MID$ (a$, 36, 7), MID$(a$, .58, 5), MIDS(a$, 74, 167)
' Records without temperature and precipitation data

IF MID$ (a$, 1, 1) = "C" AND LEN(a$) < 63 THEN PRINT %2,
MID$(a$, 1, 7), MIDS(aS, 23, 5)
GOTO 5

6 CLOSE #1, #2

Pk ook ek ko ok ke Z‘BAS kot g ke odedk koo Kk h ok
"

'The progam sorts the input data in order of the 7th charcter
|l

1

OPEN D1$ FOR INPUT AS #1
FOR & = 1.70 18

INPUT #1, a$(i)
NEXT
CLOSE #1
FOR i =1 T0 17

FOR § = i + 1 TO 18

IF MID$(a$(i), 7; 1) > MIDS(a$(3j), 7, 1) THEN

t$ = as$(i)

as(i) = as$(j)

as$(j) = t$
END IF

NEXT j, i

'Fill up the missing Temperature and Precipitation data

FOR 4 = 1 T0 18
IF VAL (MID$(a$(i), 29, 5)) > 0 THEN
k = VAL(MIDS (aS(i), 2, 1))
tp$ (k) = MIDS(a$(i), 30, 165)
END IF
NEXT

FOR 4 =1 To 18
IF VAL(MIDS (a$(i), 29, 5)) = 0 THEN
k = VAL(MID$(a$(i), 2, 1))
1 = LEN(RTRIMS (a$(i)))
IF 1 = 17 THEN
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a$(i) = a$(i) + SPACES$(12)

ELSE
a$(i) = a$(i) + SPACE$(10)
END IF
a$(i) = a$(i) + tp$s(k)
END IF

NEXT
Ll
'Arranging the data in order of 2nd element within the pair of
records
'
FOR 1 =']1'2G 17 STEP 2
IE MIDStag i), 2y 1) = MIpS(ased + 13, 2% 1) THEN

t8 = ag(d)

ag(i) = as$(i + 1)

a$(i + 1) = t$s
END IF

NEXT i

' Creation of output file Dyy.2
t
CPEN D2$ FOR OUTPUT AS #1
FOR i = 1 TO 18
PRINT #1, a$(i)
NEXT
CLOSE #1

Pokdekkkh &k hhdk E.BAS drodeoh ook ok ke ok ok ok ke ke ok ke

Calculation of Gradient is done as follows :-

1
1
' Divide the sum of 3rd column values of two adjacent records by
' the sum of the 2nd column values to get the Gradient.

OPEN D2$ FOR INPUT AS #1

OPEN D3$ FOR OUTPUT AS #2
7 IF EOF(1) THEN 8
INPUT #1, a$
INPUT #1, b$

1 =29
m = 105
FOR i = 1 %0 12 STEP 2
tm(l, i) = VAL(MIDS(a$, 1, 5))
rf(l, i) = VAL(MIDS(aS, m, 5))
1 =1+686
m=m+ 6

NEXT
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FOR i = 1 TO 12
tm(2, i) = VAL(MIDS$(bS, 1, 5))
rf(2, i) = VAL(MIDS$(bS, m, 5))
I =1+ 86 ;
m=m+ 6
NEXT
SUM.OF.2ND.COL.VALUE = VAL (MIDS(a$, 16, 4)) +
VAL (MID$ (b$, 16, 4))
FOR i =1 TO 12
gradtm(i) = (tm(1, 1) + tm(2, 1)) /
SUM.OF. 2ND.COL.VALUE
gradrf(i) = (of(l, L) #2808, i3)+7
SUM.OF.2ND.COL. VALUE .
NEXT
PRINT #2, a$ + SPACES(5);
FOR i =1 70 12
PRINT #2, USING ("##.## "); gradtm(i)}
NEXT
¥OR i = 1 TO 12
PRINT #2, USING ("####.% "); gradrf(i);
NEXT
PRINT #2,
PRINT #2, b$ + SPACES(5):
FOR i = 1 TO 12
PRINT #2, USING ("##.## "); gradtm(i);
NEXT
FOR i = 1 TO 12
PRINT #2, USING ("H###.4 "); gradrf(i);
NEXT
PRINT #2,
GOTO 7
8 CLOSE. #1, #2

Pk ko koo ek ok ko Q'BAS Wk ke de d ke ok e ek ok e e ok
1

'Next progam sorts the above data on 2nd character
Ll

OPEN D3$ FOR INPUT AS #1
FOR i = 1 TO 18
INPUT #1, a$(i)
NEXT
CLOSE #1
FOR i = 1 TO, 17
FOR § =i + 1 TO 18
IF MIDS$ (a$(i), 2, 1) > MIDS(a$(j), 2, 1) THEN
t$ = as(i)
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as(i) = as(9)
as(j) = ts
END IF
NEXT 3, i

'Rearranging the data in order of 2nd element within the pair of
records
)

'FOR 1 = 1 TO 17 STEP 2
s IF MIDS (a$(i), 2y V) > MIDS(asti + X\e 2, 1) THEN
. t$ = as (i)
. a§(i) = as(i + 1)
, aj(l + 1) = 8§
: END IF
'NEXT i
L
'Creation of output file Dyy.4
)
OPEN D4$ FOR OUTPUT AS #1
FOR 1 ='1 0 18
. PRINT #1, a$(i)

NEXT
CLOSE #1

dekokok ok ok ok ok ok ok S.BAS hod kR

Read direction and gradients data from input file

OPEN D4$ FOR INPUT AS #1
FOR i =1 TO 18 -
INPUT #1, a$
dist$(i) = LEFTS(a$, 7)
k = 201
FOR § = 1 TO 12
wt (i, §) = VAL(MIDS (a$, k, 5))

k =k + 6
NEXT
k =275
FOR j = 13 TO 24
whtill, Jyns VAL (MIDS$ (a$, k, 5))
k=K+'6
NEXT
NEXT
CLOSE #1



OPEN $inp$ FOR INPUT AS #1
OPEN D5$ FOR OUTPUT AS #2
INPUT #1, a$
INPUT #1, a$
PRINT #2, SPACES(75) + a$
9 IF EOF(1) THEN 10
INPUT #1, a$
IF MIDS(a$, 36, 1) = "C"™ AND LEN(a$) > 220 THEN
PRINT #2, a$
k= 15
FoR 1 =1 To 12
Otm(i) = VAL(MIDS(a$, k, 5))
k =k + 6
NEXT
k= 152
FOR 1 = 1 To 12
Orf{i) = VAL(MIDS(a$, k, 5))
k=k+ 7
NEXT
END IF
IF MID$(a$, 1, 1) = "C" AND LEN(a$) < 63 THEN PRINT %2,
SPACES (35) + a8 i
IF MIDS(a$, 1, 1) <> "C" AND MIDS(a$, 36, 1) <> "C" THEN

Pick up the D.align value to be used as index
'

J = VAL(MID$(a$, 32, 3))
For each polygon element, rainfall = distance x weight

FOR & = 1 Do 12
d(i) = otm(i) + VAL (MIDS (a$, 6, 6)) * wt(j, i)
IF d(i) < 0 THEN d(i) = 0
NEXT
Trf = 0
FOR i = 13 TO 24 .
ci{l) = Qrfii « 125 # VAL(MIDS(ES, Gy B * wt(d,
i)
IF d(i) < O THEN d(i) = 0
Trf = Trf + d(i)
NEXT
IF VAL (LEFTS (a$, 2)) > 9 THEN
PRINT #2, SPACES(15) + a$ + SPACES (24) ;
ELSE
PRINT #2, SPACES$(16) + a$ + SPACES (24) ;
END IF /

86



FOR L = 1 TO 12
$ PRINT #2, USING ("###.4# "); d(i);
PRINT #2, USING ("###.4 "); Otm(i);
NEXT
PRINT #2, SPACES (5);
FOR i = 13 TO 24
PRINT #2, USING ("####.4 "™); d(i);
NEXT
PRINT #2, Trf
END IF
GOTO 9
10 CLOSE #1, #2

Bk ke G.BAS LR RS 2

OPEN D55 FOR INPUT AS #1
INPUT #1, a$
INPUT #1, a$
i=1
11 IF EOF(1) THEN 12
INPUT #1, a$
IF VAL(LEFTS (a8, 2)) >= 1 THEN

b$(i) = a$

O U
END IF )
GOTO 11

12 CLOSE #1
Ll

'Sort the data according to 1st column ie according to polygon
elements

FOR i =1 TO 38
FOR j = 1 + 1 TO 39
IF VAL(LEFT$ (b$ (i), 2)) > VAL(LEFT$(bS$(j), 2)) THEN

t$ = b$ (i)
b${i) = b$(j)
b$(j) = t$
END IF
NEXT j, i

Append sorted data into the final output file DALL,O

open D6$ for output as #1
OPEN D6$ FOR APPEND AS #1
IF yr(y) < 100 THEN
PRINT #1, yr(y) + 1900
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ELSE
PRINT #1, yr(y)
END IF
FOR i = 1 'TO 9
PRINT #1, SPACES (1) + b$(i)
NEXT
FOR i = 10 TO 39
PRINT 41, b$(i)
NEXT
CLOSE #1

Delete all the temporary files

KILL finp$
KILL D1§
KILL D2$
KILL D3S
KILL D4§
KILL D58
NEXT y
END

- o e e A a e e

(The Program was prepared in the Computer Centre, North Eastern Hill University Shillong)



Appendix — II

Calculation of Monthly Heat Index, ET, PET, ST and their Associated Crop-growth
Indexes, as Summary file generation

CLS

DIM hi(47), t(136), uadjpet (136, 47), TEMP(12), CORRFACT (2,
12), upet(12)

DIM rf(12), accwl(12), ST(12), DST(12); BET{12) . !PVPET (12),
ET (12)

DIM T150(80, 11), T200(106, 11), T250(1P)11Y) J leT1ey ,
WUE(12), hidx(12)

DIM area39(39), sci(39)

GOSUB 100

GOSUB 200

GOSUB 300

GOSUB 400

GOSUB 500

GOSUB 600

GOSUB 700 ‘

OPEN "DALL.O" FOR INPUT AS #1

OPEN "summary.o" FOR QUTPUT AS #2

OPEN "AREARAT.O" FOR INPUT AS #3

PRENT.§2, s 0 5 s L RT 0. S gME ) &ls o n
- [ L R e
PRINT #2; % Heat
Precipitation Monthly"
PRINT %2, " Crop Index
Soil Genet"
PRINT $2, " Durtn Tot (%) Tot
(%) Moisture Co-eff"
PRINT. #2, “ID Area {Days)
(ST in mm) (m) SCT GI WUE TEI FEI PRI A

Yield Fertiliser"
FOR years = 1 TO 29
INPUT #1, a$
b$ = LEFTS(a$, 5)
PRINT TIMES; " Processing data for the year " + LEFTS(a$, 5)
FOR ii = 1 TO 39
INPUT #1, a$
INPUT #3, CS
IF ii < 10 THEN PRINT #2, b$ + "000" + LTRIMS (STRS(ii));
IF ii > 9 THEN PRINT #2, b$ + "00" + LTRIMS (STRS (ii));
PRINT #2, USING (" ###4#. 44 153 "); area39(ii);
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IF ii < 10 THEN

k = 58

1 = 135
ELSE

k = 59

1 =136
END IF

hi.jan.dec = 0
hi.jun.oct = 0
FOR j = 1 TO 12

TEMP () = VAL(MIDS (a§, k, 5))
rf(j) = VAL(MIDS(a$, 1, 6))
hidx(j) = (TEMP(3j) / 5) ~ (1.514)

hi.jan.dec = hi.jan.dec + hidx(j)
IF j >= 6 AND j <= 10 THEN hi.jun.oct = hi.jun.oct +
hidx(j)
k =k + 6
l=1+7
NEXT 3
i PRINT #2, hi.jan.dec, hi.jun.oct,
hi.jun.oct*100/hi.jan.dec
PRINT #2, USING ("###.## ###.4## "); hi,jan.dec;
hi.jun.occt * 100 / hi.jan.dec;
' Unadjusted PET Calculation ...
FOR k = & TO 12
IF (TEMP(k) <> 0) THEN
IF TEMP(k) >= 34 THEN
i= 136
ELSE
o= 3
WHILE (TEMP(k) > t(i))
1=l 4ol
WEND
END IF
IF (hi >= 140) THEN
j = 47
ELSE
[ |
WHILE (hidx(k) > hi(j))
=gl
WEND
END IF
END IF
upet (k) = uadjpet({i, 3j)
NEXT
' PRINT #2,
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Y PET Caloulation ..isees
FOR 1 =1 TO 12
IF {ii >= 1 AND ii <= 14) OR (ii >= 22 AND ii <= 39)

THEN
PET(i) = upet(i) * CORRFACT(1, i)
B.PET(L) = rfi(i) = PET(1)
ELSE
PET (i) = upet(i) * CORRFACT(2, i)
P.PET(i) = rf(i) - PET(i)
END IF
NEXT
' Total Precipitation Calculation .,,.
Trfl2 = @
Trfs = 0
FOR 1 = 1 TO 12
Trfl2 = Trf12 + rf(i)
IF i >= 6 AND i <= 10 THEN Trf5 = Trf5 + £E{L)
NEXT
y PRINT #2, Trfl2,Trf5,Trf5*100/Trfl2
PRINT #2, USING ("##ifis. 4% #44.44 "Y1 Trfd2:0Trfs * 100
£ Befl2;
FOR 1 = 1 TO 12: acewl(i) = rf(i): NEXT i
i =7
X O
WHILE (rf(i) >= 0 AND i < 12)
i=14+1
WEND
IF 1 = 12 THEN
accwl (1) = rf(l) + rf(12)
x =1
END IF
IF (i < 12) THEN
FOR k= f + 1 70 12
IF acewl(k - 1) < 0 THEN accwl (k) = accwl(k - 1) +
rf (k)
NEXT
END IF

IF (accwl(12) < 0 AND x = 0) THEN
accwl (1) = rf(l) + acecwl (12)
END IF
FOR k = 2 TO 6
IF accwl(k - 1) < O THEN
accwl (k) = accwl(k - 1) + rf(k)
END IF
NEXT

' 8T Values calculation
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FER 4" =4 B 12
IF acowl (i) < O THEN ST(i) = accwl (i)
NEXT :
IF {11 == 4 AND i1 == 8] OR [41 >= 24 AND 14 <= 31) OR (if
>= 33 AND ii <= 34) OR ii = 36 THEN
POR i = 1 TO 12
IF accwl(i) < 0 THEN
X = INT(ABS(accwl(i)])
kK = INT{x / 10) ™90
m=x =k + 1

l1=1
WHILE (k < T165011 S g 38% 80)
foese e
WEND
ST(i) = T150(1 + 1, m)
ELSE
TE-G25 9 THEN SSRGS ) O 1) + acewl (i)
IF i = 1 THEN ST(i) = accwl (i)
IF ST(1) > 150 THEN ST(i) = 150
END IF
WOE(4) = @3F(4) / 150
NEXT
END IF

LB (2l >= 1 ANB 41 == 3) :0R i S= 12 AND i1 <= 239 ON 14
= 35 THEN
FOR 3. = 1. .70 12
IF accwl(i) < 0 THEN
X = INT (ABS (accwl(i)))

Ik = INT{sx J 16) g
moe=x = k4 1
I =1
ST(i) = T250(1 + 1, m)
ELSE
IF 1'% T PHEN- ST (1) = BT (1 & i acewl (i)
IE 1 = 1 THEN ST (1) = acewl (1)
IF ST(i) > 250 THEN ST (i) = 250
END IF
WUE (i) = ST{i) /250
NEXT

END IF
IF (ii = 32 OR 4l = 37 0B 14 = 58 OR 44 = 39) THEN
FOR i = 1 TO 12
IF accwl (i) < 0 THEN
X = ABS(accwl (1))
k= INT(x / 10) * 10
m=x =%k + 1
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1 =1
WHILE (k < T200(l, 1) AND 1 < 106)
I.o=3 %%
WEND
8T(i) = T200(1 + 1, m)
ELSE
IF i 271\ THEN STTi)i=t82(1)=-00y2% accwl (i)
IF i = 1 THEN 8ST(i) = accwl (i)
IF ST(i) > 200 THEN ST(i) = 200
END IFE
WUE(i) = ST(i) / 200
NEXT
END IF
TET12 = 0O
TSTE = 0O
FOR 1 = 1 TO 12
T8T12 = TST12 + ST(i)
IF i >= 6 AND i <= 10 THEN TST5 = TSTS5CE B8P¢4)

NEXT
PRINT #2, TST12/12,TST5/5
PRINT #2, USING ("###,44 ")} T8TI2 /127

Delta 8T Values caleculatien
difference of 8T (Jan-Feb, Feb-Mar,..,,. Dec-Jan)

PET (1) = BT(1) = BT(12)
FOR i = 2 o932

D8T(4) = 8T(i) =871 = 1)
NEXT

Evapotranspiration(ET) calculation

FOR1 = 1 TO 12
IF rf(i) >= PET(i) THEN ET(i) = PET (i)
IF rf(i) < PET(i) THEN ET(i) = rf(il) =kDSTEL)
NEXT
Genetile Co=efficiant (M) s osnsss ivs

m=2900

PRINT #2, using("#### ");m;
Soil Characteristics Index

PRINT #2, USING (" #.###4"); sci(ii);
Growth Factor(GI) Caleulation ... ..:..:

FOR 1 = 1 7612
*ax*k¥* Correction added for PET(i)=0 situation *%*w++
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1

IF PET(i) > 0 THEN GI(i) = ET(i) / PET(i)

NEXT
SGI = 0
FOR i = § TOQ 10
8GI = SGI + GI(i)
NEXT

PRINT #2, USING (" ###.## "); 8GI / 5;
Water Use Efficiency(WUE) Calculation

SWUE = 0
FOBR -1 = & 7O 10
SWUE = SWUE + WUE(i) / .89
NEXT
PRINT #2, USING ("###.## "); SWUE / 5;

Temperature Efficiency Index (TEI) Calculatiocn

STEIS = 0
FOR i = 6 TO 10
STEI5 = STEI5 + (hidx(i) - 2.856)
NEXT
PRINT #2, USING ("##.4##% "); STEIS /'5;

S8, e

Photosynthetic Efficiency Index (FEI) Calculation

FEI = 1.12
PRINT #2, USING ("#.%#% "); FEI;

PPI = sci(ii)*(SGI/5)* (SWUE/5)* (STEI5/5)*FEI

PRINT #2, using (" #.###4 7);PPI;
A = m*PPI

PRINT #2, using ("#### "); A;
PRINT #2, RIGHTS(CS, 16)

NEXT ii
NEXT years

CLOSE #1, #2, #3
END

100 OPEN "uadjpet.txt" FOR INPUT AS #1

INPUT #1, a$
INPUT #1, a$
INPUT #1, a$

X$ = nn
k=1
FOR i = 7 TO LEN(a$)

IF MID$(a$, i, 1) <> ™ " THEN
%x§ = %8 + MIB$(a$, i, 1)
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ELSE

hi(k} = VAL({xS)
k=%k+1
x& = nn

END IF

NEXT
hi (k) = VAL (xS)
FOR 4 = 1 TO 136
INPUT #1, a$
{4 = VALIIEFTS (a5, 5))
k = 8
FOR 4 = 1 70 47 s
vadjpet (i, j) = VAL(MID5(a$, k, 3))
k =k + 4
NEXT
NEXT
CLOSE #1
RETURN

X Read correction factor from CORRFACT
200 OPEN "CORRFACT" FOR INPUT AS #1
FOR i = 1 TO 2
INPUT #1, a$
k =8
FOR 4 =1 16 12
CORRFACT (i, j) = VAL(MIDS(a$, k, 5))
ko= K+ g .
NEXT
NEXT
CLOSE #1
RETURN

300 OPEN "150.tab" FOR INPUT AS #1
INPUT #1, a$
FOR i = 1 TO 80
INPUT #1, a$

k=1
FOR § =1 TO 11
T150(i, j) = VAL(MIDS(a$, k, 4))
k =k + 4
NEXT 1
NEXT i
CLOSE #1
RETURN : 187} A5G

400 OPEN "200.tab" FOR INPUT AS #1
INPUT #1, a$
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FOR i = 1 TO 106
INPUT #1, a$

k=1
FOR § = 1 TO 11
T200(i, j) = VAL(MIDS(a$, k, 4))
k =Xk + 4
NEXT 5
NEXT i
CLOSE #1
RETURN

500 OPEN "250.tab" FOR INPUT AS #1
INPUT #1, a$
FOR 1 = 1 TO 141
INPUT #1, a$
k=1
FOR § = 1 TO 11
T250(4, j) = VAL(MIDS (a$, k, 4))
k =k + 4
NEXT 1
NEXT i
CLOSE #1
RETURN

! read the area of 39 locations

600 OPEN "area39.txt" FOR INPUT AS #1
FOR i = 1 TO 39
INPUT #1, a$
area39(i) = VAL(MIDS (a%, 8, 8))
NEXT
CLOSE #1
RETURN
700 OPEN "SCI.TXT" FOR INPUT AS #1
INPUT #1, a$
FOR i = 1 TO 39
INPUT #1, a$
sci(i) = VAL(MIDS(a$, 3,9))
NEXT
CLOSE #1
RETURN

(The Program was prepared in the Computer Centre, North Eastern Hill University Shillong)

96



Appendix - ITI

Conversion of Technological Inputs and Crop Yield from District based Data to OTU

DIM Y(29, 11),2Z(29,11)
GOSUB 100
FOR yr = 1975 TO 2003

8, t

OPEN "yld_conv.txt" FOR INPUT AS #1

OPEN "arearat.o" FOR APPEND AS #2

s =0

INPUT #1, a$

PRINT #2, a$

IF EOF (1) THEN 2

INPUT #1, a$

1F MIDS(as, 3, 6) = " " THEN
area = VAL(MIDS (a$, 9, 6))

IF s > 0 THEN PRINT #2, USING ("####. 4% $##.4444");

s 0

t=0

IF VAL(MIDS (a$, 1, 2)) < 10 THEN PRINT #2, STRS(yr)

"000" + MIDS(a$, 1, 2),

IF VAL(MIDS$(a$, 1, 2)) > 9 THEN PRINT #2, STRS(yr)

"go" + MIDS{as, 1. 2).

END

ELSE
IF VAL(MIDS(a$, 1, 2)) < 10 THEN
x = VAL(MIDS (a$, 1, 1))
ELSE
% = VAL(MIDS(a$, 1, 2))
END IF

a = VAL(MIDS(2S, 3, 10))
b =a / area
g8 =8 +'b * Yiiyr - 1974, x)
£t =t 4 b* Zlyr =« 1974, =)
PRINT #2, USING (" O HEEE LG . HEEE"); x; a;
END IF
GOTO 1
PRINT #2, USING ("####.#4% ##.#444"); s, t
CLOSE #1, #2
NEXT
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100 OPEN "YIELD.TXT" FOR INPUT AS #1
INPUT #1, a$
FOR 1 = 1 TO 29
INPUT #1, a$
FOR j = 1 TO 11
INPUT #1, a$
Yii, 3) = VALIMIDS (af, 22, 61)
Z(i,§)=  VAL(MIDS(a§, 30, 7))
NEXT j
NEXT i
CLOSE #1
RETURN

(The Program was prepared in the Computer Centre, North Eastern Hill University Shillong)
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Appendix - IV

The program takes 29 years data for 39 OTUs Calculates Yield Difference (Yo-Ye), Max.
Possible Yield(A), Yield Gap (A-Yo), Reproductive Yield (B), Fertiliser Yield Efficiency
(FUE), Potential Productivity Index (PPI) and Modified Genetic Yield (m-modi)
(areasum1.0 in an input file which is processed to generate output file calyld1.0.)

DIM id$(29), x(29), Y(29), Yeinv(29), xinv(29), yinv(29),

Ye (29)

b.by.

29)

DIM sxinv(29), syinv(29), sxy(29), sxsq(29), A(29), b(29),
A(29) 2

DIM s.Ye.y.sq(29), Ainv(29), m(29), PPI(29), A0(29)

CLS

OPEN "areasuml.o" FOR INPUT AS #1 .

OPEN "Calyldl.gﬁ FOR OUTPUT AS. #2. .

N = 29

FOR ii = 1 TO 39

FOR' 1 = 1 . TO. N
INPUT #1, AS ‘
id$(i) = MIDS(AS, 1, 9)
Y(i) = VAL(MIDS (AS, 15, 8))
x(i) = VAL(MIDS(AS, 29, 7))
m(i) = VAL(MID$(AS$, 43, 5))
PPI(i) = VAL(MIDS (AS, 57, 8))
AO(i) = VAL (MIDS(AS, 71, 5))

xinv(i) = 1 / x(i)

yinv(i) = 1 / ¥{i)

'PRINT id5(i), w(i), =(1)
NEXT

FOR i = 1 TO 29
sy = sy + Y(i)
sxinv = sxinv + xinv (i)

iz

syinv syinv + yinv (i)
NEXT
FOR i = 1 TO 29
Sxy = sxy + (xinv(i) - sxinv / 29) * (yinv(i) - syinv /
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SXsq = sxsq + (xinv(;ﬁ = . 8xiny ./ 29) * (xinv(i) - sxinv
/ 29) rFiinagas
NEXT
b.by.A = sxy / sxsq J i
Ainv = syinv /29 “'b.by.A'* ‘sxinv / £
A= 1/'Nnv : A ;
b = A *ibibyiA
s.yinvi.Yeéinv.sq =0/
s.Ye.ymean.sq = 0
s.Y.ymean.sq = 0
FOR"1  =11YTO (29

e (3)is By Ly el

Yeinvwi(d) A= (1+PB*7 i) a
s.Ye.y.sq = s.Ye.y.sq + (Ye(i) - Y(i)) ~ 2
s.yinv.Yeinv.sq = siyinv.Yeinv.sqg + (yinv(i) = Yeinv(i))
& e
S.Ye.ymean.sq = s.Ye.ymean.sq + (Ye(i) = &y / 27) ~ 2
s.Y.ymean.sq = s.Y.ymean.sq + (Y{i) - o b L el
NEXT
SE = SQR(s.Ye.y.sq / 27)
SEinv = SQR(s.yinv.Yeinv.sq / 27)
t = b.by.A / SEinv
rsq = s.Ye.ymean.sq / s.Y.ymean.sq
PRINT $2, "Ip A B Yo Ye (Yo-Ye) . m
PPI AO m-modi A-Yo FUE B.modi"

FOR i = 1 TO 29
PRINT #2, 1d$(i); USING (" H##### #.h8hsss #4688 S#4s

i # $H4# #8444 e ### REERELOEE OB RUHEERAR
. oBERUERE"); A; b Y(1); Yeii); Yii) = Yel(i): nll) PRY(LY S
AO(i); A / PPI(i); A - Y(i): (A - ¥(iY) ¥ 25 i B 0 R 4 R
x{1)) /£ ¥{i})

NEXT i

PRINT #2, USING ("dof = ## SE = ##4#. 44 t = §#. 84444 rsq
= #.448444"); N - 2; SE; t; rsq

NEXT ii
CLOSE #1, #2
END

(The Program was prepared in the Computer Centre, North Eastern Hill University Shillong)
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