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Formulation of Crop Forecasting Model for 

Early Warning in Bangladesh 
 
 

Executive Summary 
 
The importance of crop forecasting exercise was highlighted. The methods generally used for crop 
forecasting were identified and the special implications of crop yield-weather regression model for 
crop forecasting were highlighted. 
 
Weather crop growth interaction phenomena was examined and the relevance of agroclimatic 
variables at different stages for crop growth were highlighted. 
 
 It was realized that two sets of data namely (a) historical output data and (b) historical 
agroclimatic, input and environmental data were essential for estimation of the crop forecasting model. 
The source of data was identified and the procedures for transformation of the data were developed. 
The relevant agroclimatic and input variables were identified and a model describing the relationship 
between crop yield and the agroclimatic/input variables was specified. The spatial and temporal 
dimensions of the model were highlighted, the anticipated constraints to the estimation of the model 
were identified and the remedial measures were suggested.  
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1. Introduction 
 

Pre-harvest forecasting of yield and production is an important means of assessing total 
available food supplies and thereby providing early warning about the emerging food situation in a 
country. From the time of sowing to harvesting, a crop evolves through different growth stages and 
can reach ''its genetically determined yield potential only when all environmental and other input 
factors remain optimal during each phases of the growing cycle''.  If a certain growth stage is not 
completed satisfactorily, the potential yield is reduced and such reduction is either not recovered or 
recovered only partially. The final yield obtained is thus governed by the interaction of a host of 
agroclimatic, environmental and input factors which affect plant physiology in varying manners 
during the crop cycle. These circumstances offer scope of evaluating the yield performances at 
different stages of growth of the crops. 

 
There are several methods which can be applied to arrive at forecasts of food crop production. 

These are: (a) monitoring crop conditions on the basis of agro-climatic date; (b) making regular survey 
to assess area, yield and production of crop; and (c) estimating regression models describing 
quantitative relationship between selected weather/input variables and final yields of the crop. The 
present exercise is concerned with formulation of appropriate yield forecasting model and uses the last 
approach for obtaining pre-harvest forecast of production of selected food crops in Bangladesh. 

 
2. Weather-Crop Growth Interaction Phenomena 
 
Weather and crop production are interrelated in a complicated manner through the whole production 
processes. The process occurs in a sequential manner as a plant grows from a seed to maturity. The 
stages of crop's life can be classified into vegetative, reproductive and maturity stages. Growth occurs 
largely during the vegetative phase of a plant's life. During the reproductive and maturity stages, the 
plant generally does not grow in its size, rather expends its energy for production of harvestable 
organs. 
 
 
2.1 The Vegetative Phase  
 

The vegetative phase begins with the plant emerging form the seeds, setting out new leaves and 
extending roots, outward into the soil, depending on availability of water, sunlight and temperature. At 
the end of the vegetative phase, when a plant has either reached a given size or has set out some 
maximum number of branches and leaves, it signals the end of the stage by sending up terminal shoot 
that eventually turns into the plant's reproductive organ, the flower. The appearance of the shoot marks 
the beginning of the plants next phase of life, the reproductive phase. 

 
In the vegetative phase, the plant produces leaves and stalk from a combination of heat, 

sunlight and water. Thus this stage of plant growth is critically related to sunlight, temperature, water 
and plant nutrients. In a very general sense, the vegetative stage in plant's life sets the size of the plant 
and its photosynthetic potential for producing grain. 

 
 

2.2 The Reproductive and Maturity Phase 
 
During the reproductive and maturity phase a different set of relationships exist between crop growth 
and weather variables. Since no additional leaves are produced by the plant, the light capturing or 
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energy-absorbing surface of the plant in fixed. During the reproductive stage, the plant uses the grain 
producing capacity which it acquired during the vegetative stage. The critical weather variables during 
this stage are sunlight and moisture. Any imbalance of these weather variables can cause less than 
optimum grain moisture. Any imbalance of these weather variables can causes less than optimum 
grain filling, leading to lesser yield of the crop. Thus it is evident that a plant's response to the weather 
factors changes at different stages of a plants life, and these changed relationships need to be 
examined carefully. However, in a country such as Bangladesh, with its extremely complicated 
cropping patterns, numerous crop varieties and varying planting dates, it is quite difficult to 
characterize any particular pattern of relationship between crop yield and weather at particular points 
of time. It is for this reason that the size of the area to be considered for a weather crop yield model 
should be kept as small as possible, and weather-crop yield relationship should be examined at several 
stages of crop growth. 

 
 

3. Formulation of the Model 
 
The basic idea of the model is that there exists quantitative relationship between decadal/weekly 
averages of climatic variables, periodic use of inputs and final crop yields. The two important aspects 
considered are the spatial and temporal dimensions of the model. On the spatial scale, area is to be 
specified according to availability or agroclimatic data. As a matter of principle, if too large a region is 
selected for analysis, the probability that a single weather-yield model will represent the region is very 
low. On the other hand, selection of too small a region to represent relatively homogenous weather 
condition will involve estimation of too many equations and hence excessive computation. 
 
The spatial design of the model is to estimate yield equations of district levels and then compare the 
yield model to determine if neighbouring districts could be represented by the same equation. This 
approach allows for different groups of districts to be aggregated together of different corps. Thus 
instead of choosing large regions prior to the modelling effort, it would be preferable to allow the 
modelling exercises to determine the size of the area to be covered by a given equation. The initial 
choice of the district would be important for two reasons. First, data is generally available at the 
district level and second, since many agricultural policies are implemented at district level, the 
exercise may provide useful inputs for district level planning. 
 
On the temporal dimension, estimation of equation requires time series data on yield of crop and the 
relevant agroclimatic and input variables. Since the idea it to estimate weekly/decadal equations 
relative yield of the crop with agroclimatic variables, data for truncated weeks of each year over 
several years would be relevant for the purpose. Thus for each district/region, equation for a time span 
of 10-12 years will be considered, depending on the availability of historical data. 
 
 
3.1 Data Input for Crop Forecasting Model 
 
As has been indicated, two sets of data are required for estimation of crop forecasting model (a) 
historical crop yield data and (b) historical agroclimatic, input and environmental data. The climatic 
date include weekly/decadal averages of rainfall, maximum and minimum air temperature, and solar 
radiation. The origin, availability and quality of the data are discussed below. 
 
3.1.1 Yield data 
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To estimate model relating yield with agroclimatic and other variables, it is essential to have a reliable 
set of yield data. The only set of yield data available with sufficient historical length is those from the 
BBS. Although the accuracy and reliability of the BBS data are often questionable, there is no other 
source which can provide yield data of sufficient historical length covering all locations of 
Bangladesh. Therefore the time series yield data of BBS has been used for estimation of the model. 
 
An important consideration in production forecasting is to take account of crop damage due to natural 
calamities such as flood, drought, cyclones, infestation of disease, insects and pests. In cases where 
such damages occur, an estimate is made in the field by inspection of areas so affected. Damage is 
then reported as areas of total and partial losses. Area of partial loss is converted into total area loss by 
using the percentage of loss. The calculated area loss is multiplied by the normal unit-area-yield to 
arrive at total crop loss in the area affected by the natural calamities. It is important to note that the 
various crop damaging events need not have any influence on normal unit-area-yield, because the 
damage factor is incorporated by reducing the area affected by the calamities 
 
3.1.2 Agroclimatic Data 

 
The agroclimatic parameters that affect crop yield are rainfall, temperature, solar radiation, day length 
and evapotranspiration. This study is an attempt to determine the nature and extent of relationship of 
these variables with crop yield at different stages of crop growth. Data relation to these agroclimatic 
variables will be obtained from the Bangladesh Meteorological Department (BMD). However, the 
nature of data to be available form the BMD will constrain estimation of both spatial and temporal 
dimension of the model. As for the spatial dimension, BMD does not have its weather stations in all 
the district locations which have been identified as appropriate geographical coverage area for 
estimation of the model in the spatial scale. Again, while a given set of districts are covered for 
recording data with respect to some variables, other districts are not covered for recording information 
for the same variables. A preliminary assessment has revealed that while data on rainfall, temperature 
and sunshine hours are recorded at 23 stations, information on evaporation are available from 12 
stations and those for solar radiation are recorded at 7 stations only. 
 
On the temporal dimension, it has been revealed that historical data on all the variables are not 
available for the same length of period. These circumstances imply that estimation of the model will 
require necessary adjustments, depending on the availability of the nature of data. 
 
3.1.3 Soil Moisture Data 
 
A crop yield model also requires soil moisture data, particularly for the rainfall crops. Depending upon 
precipitations, major textural classification of soil of the region, information on the readily available 
soil moisture holding capacity in one meter depth and the potential evapotranspiration rate, it should 
be possible to determine soil moisture balance at any stage of crop growth. This can be related with 
yield obtained under optimal soil moisture condition. Estimation of the model will be facilitated by 
incorporation of actual soil moisture data of different regions for several years. 
 
3.1.4 Input Data 
 
The input variables considered relevant for the model are seeds, fertilizers (individual and total), 
insecticides/pesticides and irrigation intensities of some measure. However, historical data on seeds 
insecticides/pesticides and irrigation intensities are unlikely to be available in the requisite form. 
Although information on fertilizer use is available from the BBS, apportionment of the fertilizer 
quantity for a particular crop is always a problem. Nevertheless, attempts will be made to devise ways 
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and means of quantifying the fertilizer use for particular crops and thus use of fertilizer will be 
incorporated as an important variable in the yield forecasting model. 
 
 
3.2 Data Transformation 
 
The process of crop growth and yield are closely related to variables which are not often directly 
measured at the weather station and hence need to be created thorough transformation. These 
transformed variables are often more useful in modelling crop growth and final yield than the original 
weather data. Again, for some variables, the transformed data are available for only a few locations 
and hence do not represent a larger geographical area. The examples of such variables are solar 
radiation and evapotranspiration. When data for these variables are not available, data for sunshine 
hours and evaporation may be substituted for these variables. Alternatively data transformation may be 
necessary. 
 
Solar Radiation 
 
Solar radiation is closely related to plant growth and final grain yield. Solar radiation can be estimated 
from data on sunshine hours through the use of Angstrom equation. The Angstrom equation for total 
solar radiation (TSR) is: 
 
TSR=[a+b(n/N].QA 
 
Where n= actual sunshine hours, N= maximum possible sunshine hours, QA extra- terrestrial radiation 
on a horizontal surface at the upper limit of the atmosphere, 'a' and 'b' are locally derived empirical 
constraints with approximate values of a=0.21 and b=0.44 (Hussain and Chowdhury 1990). 
 
Using the value of total solar radiation (TSR), net solar radiation (NSR), the net balance of radiation 
available for plant growth and development can be estimated using the Linacre equation of the 
following form: 
 
NSR=(0.74 TSR)-[0.0016(0.2+0.8 CLDNS) (100-TAV)] 
 
Where CLDNS= cloudiness ratio and TAV= average weekly temperature. Thus net solar radiation is 
derived by adjusting the total solar energy for the amount of loss due to temperature and cloudiness 
conditions. 
 
Evapotranspiration 
 
Plants lose water is the process of growth because they exchange carbon-dioxide for oxygen through 
leaves. In this way water loss is related to carbon-dioxide uptake in the process of plant growth. 
Potential evapotranspiration (PET) or maximum crop evapotranspiration can be estimated using 
various equations. A reliable and simple method developed by Hargreaves is: 
 
PET= 0.0075×TSR×T0F 
 
 
Where TSR is solar radiation T0F is the mean temperature is degree Fahrenheit (Hargreaves and 
Samani 1982), and PET and TSR are in the same unit of water evaporation. Alternatively, equilibrium 
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evapotranspiration (EQET) could be derived using Priestly-Taylor (P-T) equation of the following 
type: 
 
EQET=1.27 [δ/(δ+τ)]NSR 
 
Where δ= slope of the saturation vapour pressure vs. temperature curve and, τ= psychometric constant 
assuming soil heat flux to be negligible or zero. The value of δ/(δ+τ) can be obtained from FAO 
(Irrigation and Drainage paper No. 24, 1977). In a situation where estimation of crop 
evapotranspiration is not possible, difference between decadal or weekly rainfall and evaporation may 
be used as a measure of soil moisture stress. 
 
In respect of temperature variable, apart from the absolute magnitude of maximum and minimum 
temperatures, some transformed values of temperature are also necessary for crop yield modelling. 
The transformed variables are 'average temperature (AVT)' diurnal temperature range (DTR)' and 
'squared deviation from optimum temperature (STD' at heading DTR is the difference between daily 
maximum and minimum temperatures. While low night temperature may restrict crop growth, a small, 
DTR is summer means that high night time temperature uses up much of the plant's energy at night, 
leaving little for plant growth. Deviation from and optimum temperature at heading normally has a 
negative influence of yield. However, determination of optimum temperature at heading for crop 
planted on different dates is a problematic issue. 
 
Interaction Variables 
 
Sometimes two or more variables act together to create joint effect of the variables on crop yields. For 
examples, net solar radiation (NSR) and deviation from optimum temperature (STD) can operate 
together during the heading period of rice. In order to model the joint effect of the two variables, an 
interaction variable (the product of the tow variables) can be created and labelled and NSDT. 
Similarly, the joint effect of net solar radiation (NSR) and diurnal temperature range (DTR) may be 
represented though the interaction variable designated by NSDR. 
 
 
3.3 Algebraic Specification of the Model 
 
Having selected and generated the relevant weather and input variables, a stepwise regression 
procedure will be used to fit the most appropriate variables in the model. In this procedure, each 
variable is added to the yield model based on its correlation with the dependent variables. The variable 
having highest correlation is entered first. By this method, a preliminary model could be created 
incorporating all the selected variables, and the statistical procedure would ultimately choose the best-
fit model with the appropriate set of variables. 
 
Using the above procedure the final yield forecasting model, as has been use in this exercise in 
formulate as:  
 

      Yi=ai+
∑
j bijWj+

∑
j CikIk      ( j=1,2 ............m; k=1,2 ......n)   (1) 

                              
 
Where Yi is the yield of ith crop, Wj represent the jth weather variables, Ik are the kth input variables, all 
related to production of ith crops; ai, bij, cik are the coefficients of the relevant variables. 
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For a particular crop, the equation may be expressed in the following form: 
 

Y=a+b1W1+b2W2+...........+bmWm+C1I1+C2I2+........................CnIn   (2) 
 
In the explicit form, the range of dependent and independent (weather and input) variables is identified 
as follows: 
 
MXT= Maximum temperature (0c) 
MNT= Minimum temperature (0c) 
AVT= Average temperature (0c) 
DTR= Diurnal temperature range (PC) 
SNH= Average bright sunshine hours (hours per day) 
TRF= Total rainfall for the week (mm.) 
CRF= Cumulative rainfall up to the week (mm.) 
NSR= Net solar radiation (cal/cm2/day) 
EQET= Equilibrium evapotranspiration (mm) 
NSDT= Interaction of net solar radiation and deviation from optimum temperature. 
MDR= Moisture deficit (mm) 
SEED= Total seed distribution (metric tons) 
FERT= Total fertilizer use (metric tons) 
Y= Yield of the crop (tons/hectare) 
 

Data for most of the weather variables are available from the BMD in daily form. These Data 
will be converted into weekly un decadal averages. However, the rainfall variable is measured in terms 
of total for the week and cumulative rainfall up to the week. While historical data on area, yield of 
crop and input variables are to be obtained from the BBS, those for the current season are to be 
obtained form the DAE. Yield equations will be estimated for seven crops: modern variety of AUS 
(Aus MV), local variety of Aus (AUSLV); modern Variety of Aman (AMANMV), Local Variety of 
Aman (AMANLV); modern variety of Boro (BOROMV), local variety of Boro (BOROLV) and 
Wheat. 
 

Attempts will be made to estimate yield equation for each district. However, in a situation 
where no weather station exists in the district, crop yield and input variables of the district will be 
merged/averaged with those of the adjacent district where weather data are recorded. Thus the number 
of yield equations to be estimated for a crop covering specific geographical locations will largely be 
dictated by the number of weather stations where historical weather data in some form are recorded. 
All regressions will be run using the SPSS package. 
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