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1.0 EXECUTTVE SUMMARY
 

1.1 Recommendations
 

Bangladesh is 
a thickly populated agricultural country,
 
which, in spite of its 
farmers' obvious capability, often suffers
 
severe 
shortfalls in foodgrain production. For this reason, it
 
is of the utmost importance that highest government authorities
 
have an 
estimate of current production as early and as accurately 
as possible to n-evm;nt unnecessary suffering by the population, 
especially in the mar, inal income brackets.
 

Investiqation shows that much available data has been in­
accurate and insufci lcent. 
 Some of the problems with data rele­
vant to foodgrain production in Bangladesh are discussed in
 
this report, and a prooram for an 
"Early warning Crop Forecast­
inq" system is outlined includes a climatic crop yield fore­
casting model as a new and additional tool for projecting current
 
crop production estimates at an 
early date.
 

This model, has been worked out 
for crop production estim­
ates of HYV and LV separately for Boro Wheat, HYV rice and LV
 
rice crops for three districts: Jessore, Dacca and Sylhet.
 
It has little relevance for B. Aman, more properly called deep
 
water rice, which is 
a distinct crop with different critical
 
parameters. 
 The next modelinn stage would generate model estim­
ates for Aus and Aman crops and extend these models countrywide. 

In addition to the employment ()f the model., a.I possib to 
efforts must be made to improve the data base and to 
secure data
 
in a rapid way to arrive at a more correct and earlier estimate
 
of current foodgrain production. It is not anticipated that the
 
situation will change very rapidly. 
 A sustained effort over a
 
number of years will 
he required 
to improve the situation. Some
 
of the elements important in this effort are:
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1) a capability to manage intraqovernmental arrangements
 
for obtaining needed information on a timely basis needs
 
to be developed. Wi sufficient staffing and authority,
 
the FPMU could prohahlv serve as a coordinating agency;
 

2) occasional fir1stJ-han(i field inspections and occasional
 
monitoringT of all 
oovernment data collection entities is
 
necessary. 
 The F'MU with suFficient 
funds and transport
 
capabilities, could probahly puefo 
rm this task;
 

3) the crop fo ecant in" model will 
 have to )e reviewed 
refined and re-caf tbraPod from time to time to utilize 
the impro,'ed dLta hose and to 
include additional parameters;
 

4) more immed i aVP Iv, thue ;n c (wh ich now consists of 
Boro season rice and wheat crops for three districts--a
 
total of 9 crop-yiel]d equations) 
 should be extended
 
to cover all 20 Banqladesh districts 
for Boro crops and 
Aus and Aman crops--a total of 7 crops and 1.40 crop­

yield eonations;
 
5) once P:t e crnp--,,i.l eouati:i. on s have 
 been eterded 

countrywide, then agregation of districts into larger 
units will be possible. In this way, a more manageable 
countrywide, m(10ode1 can be eove ad;p 

6): additional work is needed 
to produce a crop forecasting
 

model 
for deep wator rice (B. Aman);
 

7) in order to develop accurate crop yield models and 
use 
them effectivelv pub] ished data must he accurate and
 
data should he reported consistently in all government
 

publicat ions;
 

8) meteoroloqical data is needed 
over a wider network,
 

covering the whole of Bangladesh;
 

9) timely and accurate data 
on crop damaqe and flooding
 
is 
needed in order to develop a more complete crop yield
 

model;
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10) a multi-national study is needed on the water balance
 
and flood reqimen of the rivers ending in Bangladesh.
 
A companion study is needed or 
the effect of the floods
 
on the production of deep water rice;
 

11) area land uso estjmates - tho most accurate yield mo­
dels that 
can be derived From exisi:inq rice yield datawill not be vv unw.ul in f(,-casting total crop prO­

ducti }n unie:o ,ccuat stimates of crop area are also
 
avai.lahip. Currant ct irmate o f cropped areas by the 
Bangladesh Bureau Statistics have been severelyof 


criticizod. Data is 
currentlv obtained from Thana 
level 
estimates of B.B.S. oield Aents. Due to numerous pro­
blems, includ inq a lack of standardized collection
 
methods, non-
 random sampl i no , and oeven imaginary data, 
little uqo can be made of much of 
the Bureau's numbers.
 

One potential 
and much heralded future source of dta
 
is the satellito:-remoto 
sensina aroqrams currently under 
development in Banqiadesh. Such a system, to be effect­
ive, recauires close support f-rom ground level sample data to
 
insure that 
acu ate location of sample 
areas or segments
 
can be done. Systems 
to utilize landbased data collect­
ion 
toqether with satellite data in estimating land-use
 
rely on statistical inference. 
 Large area sample frame
 
studies conducted in 
numerous third world countries have
 
achievad vayi-no 
levels of success. Nevertheless, .i a 
country where the majority of aricultural production is 
consumed locally, and where small field size and cloud
 
cover 
adveisel.y affects remote-sensinq most of the year,
 

aerial photography may be extremely helpful.
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1. 2 S umma ry 

Bangladesh suFfers a substantial food grain production short­
fall :in most years. Tt is essrntia., ther-efere, that the hiqhest
 
authoriti.uoF 
 adeshthe 1an I evernment know, as earlv and As 
accurately as nessible, food,-rain urontioii-tn levels (i.e., the
 
Various 
 lice .rnp, and wheatV c rops) in "U-( ' to schedule orai.n
 
impoFL s From the world 
 mark- V or from fore i en donors. This must be
 
clone K, 01.-0,r to min imi c th!ie 
 suffera 00 of the ropulaLion. 

in O9!!, i, un, n I tat: ion i ti In] Led StaLes Agency for
 
ntornna Viona 
 )ev ,l io - .met(UAJ?, U) ald CutV rld }Bank , the qovern­

men t of 
 Va, l adesh or-anin:'od tho reed ']lnn.:, a1and onitori q Unit 
(PPMU) of tho !n nin,. Comission . Hts purpose-, amonq other things,
 

was to dovel.op an ,..,:]Iv ar ngI S,,ystem 
 For nrov idina the Bangladesh
 
qovernmpnt withi an earlv and accu rate esLi mate 
 of foodqrains
 

product i on.
 

esOnt:'TLO ie st udv, undertaken by Resources Development Associates 
(RDA) , proviues the PIPI with the beoinninqs of a weather-crop yield
 
forecastina 
 model to oenerato early cro;) production estimates For
 
Banladesh. In conjunction 
 with the modelinq effort, a thorough
 
review was mad(e 
 of the a'vi1 .able dz, ta hase and agencies providinq
 

that data.
 

This stuyl is a first stop toward obtaining early and reliable
 
foodgrain production estimates in ,ane ladesh. Pt 
 will take several 
years of sustained effort, wLh the Full sui ,o r of h iqhest qovenment
 
authorities, 
 t" doveop] an opeatLitonal early warninq system. It is 
necessary to svstom, t. ical]v improve the available data base in order 
to improve the accuracy of: the woather-crop forecastinq model p.',resented 
in th.is report:, 

Bangladesh is a countr,, of 1.42,775 so. km. with a poU.lation 
of over 90 mil.lion people. Its popilation is projected to be 148 
million people by the year 2000. The countrv contains both tropical 
and sub-tropical zones and extends from °21. to 27 north latitude 
and from 880 to 920 east lonqitude. It borders India, Burma, and 
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the Bay of Bengal. 
 Except for the highlands in the southeast
 
(Chittagong area 
and Chittagong Hi]ll Tracts) 
, the country is
 
part of a 
large delta and flood plain formed by Wre various
 
branches of 
m:e Ganges and Brahmaputra Rivers. 
 As a result,
 
most of its 
soils a-,iial.luvial. However, considerable ecologi­
cal diversify u 
 I.;du to iminor changes ?.n topography and the
 
heterogenity 
 of th, alluvium.
 

The pincipal c'r-p and 
food of Bangladesh is 
rice. En addition,
 
considela
, , . ae 1 tarLed in wheat:. Rice is produced in several 
distinct wrop)pirn seasons i ncliuding Aus rice, which is the pre-monsoon
 
crop, Aman rice, which i 3 the main monsoon ccrop, arid the Boro crop, 
which is the winter crop.
 

Ah-ut ,'ioih: mill ion acres (over three 
mail lion heccares) of Aus
 
Rice are planted annually. It is 
rainfed rice, mostly directly seeded. 
It is estimated that two million acres are planted in hiqh yield
 
var .ehv rice, 
some of which i.s Lransp]laii . 

T. Aman is the translant:ed Amon eoenp, of which1 there is about
 
10 mil lion acres iin uanqladesh. Ahon I: 602. of 
 the land is double­
cropped; th-a 
 -rns plan te' Aman cropi 11:.ow. the Aus cro: . B. Aman
 
is the Broalcast Aman crop. TV was named 
A. Aman in order to
 
differcntiato it Fr-m T. Amoa. In fact it wc d be mre correct
 
to cal! it Unp-watov-,\an as:it 
 s in ni .y .own in low-ly. or
 
easily fl.ooded aProas, , tn on 
land which is flooded with 3 to 4 M
 
of : r, it in nKmat: d 
 ih:howo. 2 and 3 million hectares of
 
B. Amorn rice is qrawn in- nqlaieshl. ,nFoYruntatelv, it does not make 
much ,.s e to tI [' Ve ' iod'': : :be } vi od o h. Aman rice by use of a 

AiPh1 LIn , nanal ~~H ermjwtore and solar radliation 
paamptr:.; B. ,Am.rio i 1,s inst-ad, h,,av iy 
 do p(. nI ent nn water 
tempera 
t:uare and watller Invul. Such dawis niot available and hence
 
B. Aman was 
not incu ]1 dnd in modolinq e ffort.: -

Durinmg the d,'. ler win ,'r -casnn abouL 2 miillion acres are 
planted n -ru, 0 i un in" ct oc iri)atior. B30% off Lhe Boro
 
.. rcp i is and the other 2) is 1 un. to the .rrigation, clear 
winter ski.,p s and relati.vel.v few pe:-L problams, IBoro 
cron yields are
 
much higher than those in the other co-pi Jnq seasons. 

5
 



Wheat is also a Boro crop in IBanqladesh. It is predominately
 
a rainfed crop growing on residual soil moisture and what little
 
moisture is produced during the c'rv 
winter months. In 1978/79
 
(latest figures available) 654,009 acres of wheat were planted.
 

Detailed and exact knowledge &bout the factors influencing
 

the arowth of ric?, and knowledge about the different qrowth pheses
 
of the rice plant are helpful in developing an accurate weather­
crop yield model for rice. D.R.R.I. has accumulated a wealth of
 
information on the production and behavier of different rice varieties
 
during the various cropping seasons. In particular this study looked
 
at the impact of photosensitivity, rainfall, temperature, solor
 
radiation, plant nutrition and floods on 
the various phases of rice
 
growth. 
 These 	various factors were included in the modelinq effort.
 

In collecting the data necessary for developing the weather­
crop yield model, it was 
found that in many cases acreage and yield
 
estimates were greatly exagqerated, particularly with regards to HYV
 
Aman rice. This overestimation occured for three reasons:
 

a) 	 Genuine overestimation, especially because HYV
 
rice can be more easily spotted from roads, and
 
is often grown on lands a little higher and more
 
visible;
 

b) 	 Deliberate exaageration. This occurs as a result
 
of pressure to achieve high targets of production
 

in order to be a "success".
 

c) 	 The existence of Pajan rice. 
 This rice variety,
 
which reached Bangladesh from Malaysia and is of
 
Pakistani-Indian-Japanese origin, is superior in
 
yield to most local varieties grown using low level
 
technology (it will respond to modest fertilizer
 
applications). Using 
a higher level of technology
 

(heavier application of fertilizer), Pajam will
 
lodge like most other rice varieties, and therefore
 

not equal I.R.R.I. or B.R.R.I. HYV in production.
 
However, in some years and areas, the Pajam acreage
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has been included in HYV statistics, especially in
 
earlier years, thereby overestimating HYV acreage.
 

At the same time there has been an undereporting of HYV
 
acreage due in part to the government levy system for rice procure­

ment.
 

In recognition of the problems with existing data, the Bureau
 
of Statistics recently undertook a program to train and retrain its
 
agents., improve the field work through better monitoring of its
 
agent3, increase its 
field staff and implement a system to check the
 
work of 
its field officers. A general improvement seems to be taking
 

place.
 

In order to develop the weather-crop yield model, two sets
 
of data have been used--historical/clinmatological data and historical/
 
crop yield data. 
 The climatic data include weekly averages of rainfall,
 
maximum and minimum air temperatures and solar radiation. 
 The RDA team
 
also examined the impact of fertilizer, 
floods and crop damage. These
 
data have been tested against the avilable crop yield data for rice
 
during the Aus, Aman and Boro season, and for wheat in the Boro
 
season. Testing was 
done separately for HYV and LV rice. 
 Other needed
 
date was 
not available. Origin, availability, and quality of the
 
data is discussed in section 5 of this report.
 

To improve the utility and accuracy of the model in the future,
 
a conscientious and sustained effort is required to improve the data
 
base. Such 
an effort should include:
 

1) 
Extension of the network of meterorological stations 
to cover
 
the country more completely, and collection of data 
on
 
"bright hours of 
sunshine" or direct readings of solar radiation;
 

2) 	collection of soil moisture data on a sysLematic basis through­
out the country for possible use in 
a future yield prediction
 

model;
 

3) 	 a considerable improvement of the area estimates for the
 
various crops, HYV and LV of rice and wheat is needed. The
 
deficiencies of the present data have been discussed in this
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report. This work will likely involve the B.B.S., SPARRSO
 

and the Ministry of Agriculture.
 

4) Continued analysis of factors affecting crop growth. The
 

data presented, like optimum temperatures, critical or
 

threshold temperatures, length of the different parts of the
 

growth cycle, etc., have come in part from the available lit­

erature and in part from information secured at B.R.R.I.
 

For the proper and exact operation of a yield model, it will
 

be necessary to work out the exact conditions affecting the
 

different rice varieties during the different cropping
 

seasons.
 

Data taken from the literature must be re-confirmed for
 

Bangladesh, not only in Joydebpur, but in all the rice growing regions
 
of the country. It is also important that data be collected on the
 

local optimum and critical temperatures, the exact length of each part
 

of the growing cycle (how long is the general vegetative phase, the
 

photosensitive vegetative phase), the point in the growth cycle when
 

the panicle emerges, time9 of plant flowering its ripening period and
 

optimum for seeding and transplanting. It is clear that exact data
 

cannot be fixed for some of these things, and these data will vary
 

amongst crop varieties, even within the subgroups of HYV and LV.
 

These data will also vary depending on local soils and weather condit­

ions. However, if research is undertaken to record these local condit­

ions, and the response of the different varieties to those conditions,
 

it will then form the historical basis for a much more exact and
 

sophisticated yield forecasting model.
 

5) An effort to study and record similar data in cooperation
 

with the W.D.B. and the1Meteoroloqical Department for deep
 

water rice, so a forecasting model applir hle to this crop
 

can be developed;
 

6) An effort to accumulate similar data for wheat and every
 

other crop for which a yield forecasting model may be devel­

oped in the future.
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The weather-crop yield models developed in this study relied
 
on 
the best data available. 
The new inputs included in the modeling

effort included temperature, rainfall, solar radiation and a variety

of "interaction" or 
derived variables. 
These inputs are discussed
 
fully in Section 6.0.
 

In the model buildinq process, it is important to remember
 
that model or equation building is not a monotheistic activity; many

different approaches 
can be used in model building. In climatological

modeling, this is especially true. 
 Because there are so many variables
 
that may impact dependent variables, the selection and treatment of
 
these variables is an important topic. 
 A statistical correlation
 
procedure was used to 
identify several key variables relating to crop
 
yield and minimize collinearity.
 

On an 
entirely different concept, the spatial scale of the models
 
needs to be considered. 
 In addition to 
the fact that cropping processes
 
may vary within agro-climatic regions, it is clear that if too large
 
a region is 
selected for analysis, the probability that a single

weather-yield model will represent the region is unlikely. 
 In contrast,
 
selection of too small 
a region for modeling ]eads to excessive
 
computation. However, choosing the proper scale for a model is diffi­
cult because little information is available.
 

The spatial aim of this research was to model yields on 
the
 
District level and then compare yield models to determine if neighboring

districts could be represented with one equation alone. 
This research
 
design requires more computer time and research time than large regional

modeling, but produces more acceptable results. 
 This method also allows
 
for different crops. For example, a BOROHY model may best be composed

of Sylhet, Comilla, and Mymensingh districts, but a WHEAT model for
 
the same 
Boro season may only contain Sylhet and Comilla. The likeli­
hood that all 
seven of the modeled crops will be modeled by the same
 
sets of districts is very slight. 
The use of large regional divisions
 
of the country would not allow for this 
sort of individual treatment.
 
In a 
sense, what we are suggesting is that instead of choosing large

regions prior to the modeling effort, we should allow the modeling
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effort to choose the larger regions--to determine how we should
 
aggregate. 
We chose to start at the district level for two important
 
reasons: 
 First, data is generally available at the district level;
 
and second, in moving from estimating crop yields to policy making

and policy implementation, it was 
felt that district level analysis
 
would be most useful. In other words, policy is likely to be imple­
mented at a district level 
even if it is made at the national level.
 

In addition, the occurrence of storms and diseases also tend
 
to occur in only a few of the districts and not in all districts of
 
a large "region". 
 Some regions such as a coastal region probably do
 
experience similar storm conditons throughout, but disease or drought
 
conditions are probably too 
isolated a phenomena to be modeled by
 
large area equations.
 

Several assumptions were necessary in the model building process.

The basic assumption of this research was 
that there exists a relation­
ship between weekly averages of climatic variables and final crop
 
yields. 
A second assumption is that these relationships could be
 
identified using crop yield per unit area data together with locally

recorded weather data. 
 Third, we assumed that weather was a major
 
factor in affecting yield per unit area.
 

In order to estimate yield equations for the major rice crops

and wheat, it was necessary to assume that weather/yield models derived
 
for several locations within the country would adequately represent the
 
whole country. 
 In a larger study, it would be possible to create
 
weather-crop equations for all available districts and then to
 
"aggregate" them up 
to a few large area equations. However, for an
initial study such as thsi 
 we tried simply to show that such equations
 
can be written, that they are sufficiently accurate for yield modeling
 
and that the procedure 
can and should be completed by local researchers.
 

Because of time and facility constraints only Boro season crop

yield models were developed. 
The Boro season was chosen because a
 
complete set of yield equations for Jessore, Dacca and Sylhet seed
 
farms had been created in Bangladesh. Rather than trying in the short
 
time available to create all possible equations, it was deemed most
 
useful to create a comparable set of yield equations using district
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data and then compare the two sets of equations.
 

While sunshine data are recorded at seven 
locations in
 
Bangladesh by the Meteorology Department, only three stations,
 
Jessore, Dacca and Sylhet could be compared initially with nearby
 
seed farm data. 
 Hence, only three of the 5even stations were modeled
 
for the Boro season in this project. Results of the modeling process
 
are discussed in depth in Section 6.
 

In general, the modelsE derived for Bangladesh local and high
 
yielding variety (HYV and LV) seed farm Boro and wheat yields were
 
encouraging. 
 Previous studies had suggested solar radiation would be
 
an important variable during heading period, and this was the case.
 
In almost all instances, the weather variables assumed the arithmetic
 
sign (+ or -) that was consistent with agronomic theory. 
 In addition,
 
LV varieties were modeled by the weather data better than were HYV of
 
Boro rice. 
This result is logical, because HYV receive more irriga­
tion and fertilizer, and thus are less susceptible to weather influences.
 
All these results encourage the continual development of a more detail­
ed 
set of yield models for Bangladesh rice:! and wheat crops. 
 The failure
 
of these models to adequately model some of the rice crops also points
 
up the need for renewed research.
 

The models developed here are designed to estimate yield per
 
unit area; 
as such, they are only part of a foodgrain production
 
estimation method. An estimate must be made of the area under culti­
vation of each crop. 
 While the B.B.S. currently prepares such estimates,
 
these are probably not of 
a timely enough nature for early estimates of
 
current crop production.
 

Several methods exist for deriving acreage figures. The most
 
accurate would be dirpct enumeration of sample areas. 
 Sample areas
 
can be chosen by any of numerous methods based on stratification by
 
elevations, field size, etc. 
 Area frame sampling methods could be of
 
use in this context.
 

The reqults of this preliminary research suggest that the
 
methodology developed here can be useful in crop forecasting. In
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order for the procedure developed here to be useful for the Govern­
ment of Bangladesh, additional research and development will be
 
necessary. 
The steps necessary for the follow-on research are outlined
 
in Section 6.9. 
 In particular, in order for the weather-crop yield
 
equations to be useful in 
forecastinq food production, data must be
 
available to input into the eourdtions at appropriate times and in the
 
proper form. 
Weekly weather data must be gathered for the regions

for which the models are to be used. 
 Lone-term averages and standard
 
deviations of this and other input data must be made available.
 
Many of these data 
are available from the Bangladesh Meteorology
 
Department and others can 
readily be (Tenerated from the existing data
 
series. 
 All these data must be collected and processed together at
 
some central location in order that thc 
final yield forecasts can be
 
made available for use by the appropriate agencies. 
 This central
 
location will need excellent communication with the Meteorology
 
Department as 
wel. as the Bureau of Statistics. This may well be
 
an appropriate task 
for the Food & Planninq and Monitorinq Unit (FPMU) 
Section 7.0 discusses the FPIU and the ways in which it mig-ht serve
 
in this role.
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2.0 INTRODUCTION
 

Bangladesh suffers 
a substantial food grain production
 
shortfa"l 
in most years. 
 It is essential, therefore, that the
 
highest authorities of the Bangladesh government know, as 
early
 
and as 
accurately as possible, foodgrain production levels 
(i.e.,
 
the various rice crops, and wheat crops) 
 in order to schedule
 
grain imports from the world market or 
from foreign donors. This
 
must be done in order to minimize the 
suffering of the population.
 

In 1980, in consultation with the United States Agency for
 
International Development 
(USAID) and the World Bank, the govern­
ment of Bangladesh organized the Food Planning and Monitoring
 
Unit (FPMU) of the Planning Commission. Its purpose, among
 
other things, was to develop an 
Early Warning System for provid­
ing the Bangladesh government with an 
early and accurate estimate
 

of foodgrains production.
 

The present study, undertaken by Resources Development
 
Associates (RDA), 
provides the FPMU with the beginning of a weather­
crop yield forecasting model to 
generate early crop production esti­
mates for Bangladesh. In conjunction with the modeling effort, a
 
thorough review was made of the available data base and agencies
 
providing that data.
 

This study is a 
first step toward obtaining early and reliable
 
foodgrain production estimates in 
Bangladesh. 
It will take several
 
years of sustained effort, with the 
full support of highest govern­
ment authorities, to develop an 
adequate early warning system. 
 It
 
is necessary to systematically improve the available data base in
 
order to improve the accuracy of the weather-crop forecasting model
 
presented 
n this report or 
any other means used to arrive at a
 
(foodgrain production estimate.
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3.0 FOODGRAIN CROPS IN BANGLADESH
 

3.1 General Background
 

Bangladesh is 
a country of 142,775 sq. km. with a
 
population of over 90 million people. 
 Its population is projected
 
to be 148 million people by the year 2000. 
 The country contains
 
both tropical and sub-tropical 
zones and extends from 210 to 270
 
north latitude and from 88 
 to 920 east longitude (see Figures 1
 
and 2). It borders India, Burma and the Bay of Bengal, Except for
 
the highlands in the southeast (Chittagong area and Chittagong Hill
 
Tracts), the country is part of 
a large delta and flood plain form­
ed by the various branches of the Ganges and Brahmaputra Rivers.
 
As 
a result, most of its soils are alluvial. However, considerable
 
ecological diversity exists due to minor changes in topography and
 
the heterogenity of 
the alluvium.
 

The principal crop and food of Bangladesh is rice. 
 In
 
addition, considerable acreage is planted in wheat and a great variety

of other crops are produced. Rice is produced in several distinct
 
cropping seasons 
including Aus rice, which is the pre-monsoon crop,

Aman rice, which is the main monsoon crop, and the Boro crop, which
 
is the winter crop. 
 Figure 3 illustrates the timing of the different
 
cropping seasons 
and indicates some of Bangladesh's agricultural
 
diversity.
 

3.2 Rice 1
 

3.2.1 Aus Crop
 

About eight million acres 
(over three million
 
hectares) of Aus Rice are planted annually. 
It is rainfed rice,
 
mostly directly seeded. 
 It is estimated that two million acres
 
are planted in high yield variety rice 
(HYV) some of which is
 
transplanted.
 

1. Notes 
on rice are based largely, but not entirely, on
interviews with A. Islam, Head, Agronomy Department, B.R.K.I.
and T. Brackney, Crop Production Specialist, I.R.R.I. team
 
at B.R.R.I.
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The best period for seeding is March.
 
However, if the rains do not begin in time, seeding is delayed
 
into April. 
Late seedinq and harvest causes a problem with the
 
transplanted Aman (T.Aman) crop (see below), which is 
then late in
 
being transplanted. 
 Harvest time is most often in July, sometimes
 

extending into August.
 

The Aus rice crop is photo-insensitive and
 
Bangladesh Rice Research Institute 
(B.R.R.I.) yields are low.
 

Officials estimate the national average yield to be about 1.2 
ton per
 
hectare (ha). Official statistics 2 for 1972/77 to 1978/79 show
 
a country-wide average yield of 1.2 tftia 
for local varieties to
 
2.9 t/ha for HYV, (i.e., 1.5 t/ha overall). The Aus crop often
 
suffers from drought, flood, weeds, insects and plant disease. With
 
improved technology, a twenty percent (20%) increase in the product­
ion of this crop could be obtained. Particularly important is
 
proper weeding 15-35 days after seeding; otherwise, yield is sharply
 
reduced. The diurnal temperature difference is one of the main
 

factors influencing rice production during the Aus cropping season.
 
When the difference is too small, the net accumulation of growth is
 
low. The Aus rice crop produces about 3.5 million tons of clean rice
 

annually.
 

3.2.2 T. Aman Crop
 

T. Aman is the transplanted Amar crop, of which
 
there are about 10 million acres 
(4 million hectares) in Bangladesh.
 

About 60% of the land is double-cropped; the transplanted Aman crop
 
follows the Aus crop. Transplanting takes place from the middle of
 
July to 
the middle of September with the optimum time for transplant­
ing being from July 15 
to August 15, with 35-40 day old seedlings.
 
Sixteen percent (16%) of the 4 million hectares in this crop is plant­

ed in HYV (mostly BR-4, BR-10 and BR-113
 .
 

2. Official Statistics give the yields clean rice, i.e.,
as 

milled rice. They have been converted back to clean air­
dry paddy on the basis that paddy rice is on the average 66%
 
milled rice by weight. Internationally yield figures for
 
agricultural work are given as paddy.
 

BR-4, BR-10 and BR-i 
are names of local varieties of
 
T Aman rice crop. 18
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The rest is planted in local varieties. Official statistics give

the average production for the 1975/76 to 1978/79 
seasons as 2.1
 
t/ha for local varieties and 3.5 t/ha 
for HYV. However, with 200
 
lbs/ha of Nitrogen fertilizer yields of 5-6 t/ha can be obtained
 
with HYV. 
Figure 4 shows T.Aman areas in Bangledesh.
 

3.2.3 B. Aman Crop
 

B. Aman is the Broadcast Aman crop. It was
 
named B. Aman in order to differentiate it from T. Aman, the
 
Transplanted Aman crop. 
 In fact, it would be more correct to call
 
it deep-water Aman as 
it is cenerally grown in low-lying or
 
easily flooded areas, often on 
land which is flooded with 3-1/2
 
to 4M of water. There are an 
estimated 1,500 varieties of deep­
water rice in Bangladesh, of which about 700-800 have been identified
 
and have been placed iii 
the germ bank at B.R.R.I.
 

Bangladesh has the largest area in the world
 
devoted to B. Aman or deep-water rice. 
 Estimates in the literature
 
vary from 3,000,000 ha (Jackson et al 1972) 
to 2,000,000 ha (Grist
 
1965, Alim et a! 1962, Chowdhury and Zaman 1970). 
 Official statistics
 
cite an 
average of 1.9 million hectares for 1.969-70 to 1971/72 and
 
1.7 million hectares for 1979/80, the latest published. Thailand,
 
second 
to Bangladesh in growing deen-water rice, has only about 1
 
million hectares.
 

The crop is broadcast about the same 
time as
 
Aus rice (i.e., mostly in April and early May); 
some is seeded
 
even earlier. Official statistics for 1975/76 - 1978/79 show 4.2
 
million acres (1.7 million ha) 
of this crop in 
the country producing
 
an average yield of 1.5 t/ha. 
 Two hundred thirty-nine (239) crop

cutting experiments by B.R.R.I. 
 (Clay et al 1978, Catling, et al
 
1979, 1980) indicated an average yield over a 3-year period of
 
2.3 t/ha of paddy rice, (dry,- 14% moisture). Of forty-five (45)

varieties sampled, 
seven (7) varieties exceeded an average yield
 
of 3.5 t/ha.
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3.2.4 B. Aman Problems in Relation to
 -


a Climatic Crop Yield Model
 

It does not make much sense to try to predict

the yield of deep-water (B. Aman) rice by the use of a weather model
 
using rainfall, air temperature and solar radiation (hours of bright

sunshine) parameters. 
While in its early growth stage (i.e., the
 
seedling stage) 
 B. Aman rice may suffer a moisture deficiency once
 
the rains start 
in earnest, no moisture deficiency normally occurs
 
for the remainder of the growing cycle. 
As the floods rise, the
 
plant must grow with the rising water levels in order to survive.
 
It will not survive, if submerged, for any length of time.
 

Flood waters in Bangladesh generally rise
 
faster than in other South Asian countries. For instance, waters
 
in Thailand normally rise at the rate of 3-8 cm per day, while in
 
Bangladesh they may rise as 
fast as 60-90 cm/day. Some people say
 
a rise of 15-25 cm/day is normal. Water levels that rise over
 
25 cm/day obviously endanger the survival of the plant as the plant
 
only elongates about 25 cm/day. 
 This is especially true along
 
the Meghna flood plain as indicated on the map in Figure 5.
 

There is 
a double problem with deep-water rice
 
in Bangladesh. 
 Not only is there a danger of the plant dying
 
because it cannot grow in step with rising flood waters, it is also
 
believed that the speed of plant elongation is closely related to
 
water temperature, although very little work has been done on this
 
crop by researchers. Deep-water rice has been 
seen as the stepchild
 
of rice research, although some programs have now been started
 

catch up on it. 4 
 It is believed that the flood waters in Bang1.esh

generally are cool because their 
source is recent mountain run-off.
 
This does not favor elongation, but it does generate an increased
 
oxygen supply in the water, which the plant needs for its physio­
logical processes. 
 In any case, for most of its growth period, DWR
 
is dependent not on air temperature, but rather on water temperature.
 

4 -.
Bangladesh has had an experiment station for deep-water rice
since 1934 at Habiganj, Sylhet district. 
Over the years,
the station has released 8 new varieties of deep-water rice.
Since B.R.R.I. has come into existence, this station has

become a regional sub-station of B.R.R.I.
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If the plant cannot elongate as rapiidly as the water rises, there
 
are a number of factors which will promote or inhibit survival,
 
while submerged. In particular, seedlings have a better survival
 
rate, especially those which have been produced through the
 
technique of "double transplanting" and are generally 70 days old.
 
Clear water and higher light intei'sities will help survival, while
 
muddy water ip detrimental. While elongation as sucn is inhibited
 
by lower temperatures; lower temperatures help the survival rate
 
of submerged plants, presumably because they suffer less from
 

o:, gen deficiencies.
 

Interestingly, applications of nitrogen fertilizer
 
may be detrimental to plant survival as a high starch content in­
creases the survival rate. while a high nitrogen content decreases
 
it. According to the literature, no fertilizer is used for DWR,
 
even as a basal application. However, in a B.R.R.I. survey covering
 
three years, a fair number of iw igladesh farmers (14% of pure 
stands in 1977, 
35% in 1978 :..d31% in 1979; and 30% of mixed stands
 
in 1979) indicated that they had used fertilizer.
 

Yield data in the crop cutting trials were incon­
clusive as to the effect of fertilizer. Yields in the B.R.R.I. crop
 
cutting trials were found to average 2.3 t/ha (averaged over 3 years
 
and 239 farmer's fields) which about doubled the yield figures
 
reported in official statistics for these years (1977, 1978, 1979).
 
Highest yields were obtained from pure DWR stands, while those mixed
 
with Aus rice yielded slightly less. However, farmers using Aus rice
 
were generally compensated by 1/2 - 1 t/ha of additional yield.
 
Several of the varieties measured in the crop cutting trials exceeded
 
3.0 t/ha. According to the literature, 9.8 t/ha in India is the
 
maximum ever recorded for DWR at one time. 
 As all DWR varieties are
 
photo-sensitive they will generally mature, when the waters have
 
receded, and harvesting can be done on the ground. However, some
 
early varieties are harvested from boats. During the ripening
 
period solar radiation is essential in grain filling.
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In summary, it should be understood that B.
 
Aman is a crop completely different from T. Aman 
(there is even
 
transplanted B. Aman). 
 What the two types of rice have in common
 
is only their harvest period. It is unfortunate that in earlier
 
statistics they were 
lumped together. Subsequently, it seems much
 
more appropriate to refer to Broadcast Aman as deep water rice.
 

Because B. Aman rice is 
so dependent on water
 
temperature and water level, 
and because such data is not available
 
the weather-crop yield model developed here will not be used for
 

B. Aman rice.
 

3.2.5. Aus - B. Aman Mixture
 

Abcut 2.5 - 3.0 million acres (1-1/2 million
 
hectares) are planted in 
a mix of Aus-B. Aman. Nc official
 
statistics are available concerning this planting practice, however,
 
it j! bel:.eved that production in the area planted in this mix is
 
down due to an 
increase in Boro rice production.
 

3.2.6 Boro Crop
 

During the dry, cooler winter season about two
 
million acres (800,000 hectares) are planted in Boro rice using
 
controlled irrigation. Eighty percent of the Boro crop is HYV and
 
the other 20% is LV.
 

The Boro crop is generally seeded in November
 
and transplanted between 45-60 days after seeding. 
 Local variety (LV)
 
rice takes about 145-150 days to mature while HYV are photo-insensitive
 
and require about 175 days to mature. Experimental work with HYV
 
shows that if transplanting was done in February, there would be
 
a gain of 5-6 days per month in the growth period for each month
 
shifted. This could result in 
a saving of ?.3-20 days in maturation
 
time and fewer irrigation and management problems. However, short
 
season or local varieties would show a decline in yield if trans­
planted later.
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Due to irrigation, clear winter skies and
 
relatively few pest problems, Boro crop yields are much higher

than yields of crops grown in the other seasons. Short season
 
crops or local varieties produce 3-4 t/ha and HYV produce 5-6 t/ha,

although official statistics for 1976-77 and 1978-79 indicate
 
country-wide averages of only 2.5 t/ha for local varieties and
 
4.0 t/ha f..r HYV.
 

The overall average yield is 3.0 t/ha.

This includes Pajam (with an average yield of 3.3 t/ha) which
 
is grown during the Boro season 
in less than half of the districts.
 
According to official statistics, there are a total of 140,000
 
acres 
(56,000 ha) planted in the Pajam variety.
 

Pajam (Pakistan-Indonesia-Japan) is an inter­
mediate variety; without inputs it outyields traditional
 
local varieties, but it cannot produce like the HYV using better
 
technology. 
 Pajam, while very popular with farmers, is not
 
officially encouraged bec-use it is susceptible to diseases
 
which could cause major crop failures.
 

3.2.7. General
 

Multiple 
seasons cropping is possible and
 
is actually practiced in many areas of Bangladesh. However, on
 
permanently wet soils, this creates sulfur and zinc deficiency.
 
It is estimated that 8 million acres 
(about 3 million
 
hecates are sulfur-deficient in Bangladesh, mostly in the western
 
part of the country). 
 In addition, a zinc deficiency exists on
 
about half of these lands. 
 Fifteen hundred (1,500) tons of ZnSo
 4
 
were imported in 1980 
in order to counteract the zinc deficiency.
For this reason, the B.R.R.I. does not advocate multiple season
 
cropping.
 

The followinq maps (Fiqures 6-9) point out

the principal areas in Bangladesh where the various rice crops are
 
grown. 
 These maps show only the areas where a rice crop predomin­
ates or is the only rice crop planted. Where farmers practice
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multiple cropping, only the major crop is shown. 
 These maps are
 
based on a computer printout made by the Centre for World Food
 
Studies in the Netherlands , who used a land use map originally
 
prepared by the Resources Pianning Unit, Agriculture and Rural
 
Development Department, World Pank, Washington, D. C.
 

3.3 Wheat
 

Wheat is 
a Boro winter crop in Bangladesh; it is
 
grown in the dry cool winter season. It is predominantly a rain­
fed crop growing on residual soil moisture, and the negligible
 
precipitation of the winter months. 
 Only 20-30% of the wheat crop
 
is irrigated. In 1978/79, 654,000 acres 
(262,000 ha) were planted
 
in wheat producing 586,000 tons.
 

The introduction of HYV in the late sixties provided
 
a new 
impetus for wheat production and resulted in increased area
 
planted, increased yields per unit area, and a good secondary
 
foodgrain production for the country. 
As the wheat crop consumes
 
less water than rice and thrives in lower temperatures, the pros­
pect for additonal increases in the wheat area during the Boro
 
season is excellent, particularly if irrigation facilities are
 
expanded.
 

Official statistics separate traditional varieties
 
and HYV since the 1972/73 cropping season. 
 It is clear, however,
 
that HYV were used prior to 1972-73. 
 During the period 1968/69 ­
1971/72 when LV and HYV were reported together, yields per unit
 
area 
in many districts increased steadily. 
When HYV are reported
 
sepaiately, statistics show an 
abrupt drop in the unit area yield
 
of LV. This suggests that HYV were indeed being used prior to
 
1972/73.
 

The separation of LV from HYV has been further compli­
cated 4- recent years. 
 By 1975/76 HYV had almost entirely replaced
 
LV. However, recent classifications are based on 
the source of the
 

wheat.
 
Computer printout developed by Centre for World Food Studies,

Wagennqen, Netherlands based on map of Bangladesh Land Use
Associations, prepared by Resources planning Unit, Agriculture

and Rural Development Department. Wnrld Bank, Washington,

D. C. 1979 
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Wheat seed obtained from the B.A.D.C., from voluntary agencies,
 
are on the open market is called HYV. Seed retained by the farmer
 
from his previous harvest is classed as 
LV, although it is the
 
progeny of HYV. 
 This tends to confuse crop classifications for
 
statistical purposes. 

Figure 10 shows prtential rainfed wheat production 
in Banciladesh. As selection of districts for use of the mathe­
matical yield model was dicta,.-d by the location of Bangladesh's 
meteorological stations with suitable data, the team used some 
districts (like Sylhet) which were not major wheat areas until 
recently. It did not include the districts of Comilla, Dinajpur 
or Rajshahi, which do have sobstantial wheaL crops. 

3.4 Growth Conditions of Rice 

Detailed and exact knowledge about the factors
 
influencinq the growth of the rice plant, and knowledge about the 
different crowth phases of the rice plant, are helpful in developing 
an accurate weather-crop yield model for rice. B.R.R.I., in its 
few years of existence, has accumulated a wealth of information 
on the production and behavior oF( different rice varieties during 
the croppinq seasons. Whiie this information has never been 
assembled in a form spec'ify.ing the ontimum conditons for all vari­
ties, cropping seasons, and stages of growth, the R.D.A. team was 
able to accumulate a great deal of tha- information. 

There are 
several thousand rice varieties in existence
 
in Bangladesh. These varieties represent a wide range of genetic
 
material, many of which have not been ide 
t-ified, described and
 
registered. B.R.R.I. recommends 15 HYV and 26 LV 
(see Table No. 2).
 
Even this subset of varieties represents a range of different types
 
of rice which adapt to and respond differently to different weather
 
conditons. 
As their life cycles vary from 85-90 days to 240 days,
 
they are subject 
to different combinations of environmental factors.
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Life cycle Height YieldDesignation Season 


Chandina 	 Aus 
Bore 


Mala Aus 

Bore 

S30-135 
Biplap Tr;n~plant 

Aman 
Boro 

Brrisai Transplant 

Aman 
Dulhabhog 	 Transplant 

Aman 
BR6 	 Aus 


Scro 

Brribalam 	 Aus 


Borc 


Asha 	 Au: 

Boro
Sufala 	 Aus 

BSoo 
Progoti Transplant 

Aman 

Mukta 	 Tr~nspilan .Aran 


IR0 	 Ame
T3zn6 

IRA5 Arnnar. 

IR8 	 Aus 

Boro 
Irrisaii Transplant 

Aman 
furbachi 	 Aus 


Bore 
Kataktara 	 Aus 

Panbira Aus 
Dharial Aus 
Dular Aus 
MarIchbati Aus 
Hashikalml Aus 
Tilokkachari Trarsplant 

Aman 

Latisail 	 Transplant
 
Aman 


Nizersail 	 Transplant 
Aman 

DA29 	 Transplant 
Aman 

DA31 	 Transplant
Aman 

(days) ( irch 	) (md/acre) 

115-120
145-150 
120-12j 

150-160 
1Au 


140-45 
170-175 

14C-15 C 

58 ci 

15 


115-130 
1 -5 


12-


135 
115 
140 

147 


140 

I30-145 
13,0-135 
70-175 


130-140 
110 115 
150-155 
115-120 
115-120 

100-110 


a5-90 
95-100 


45-90 

165 a 

150 a 


165 c 

158 a 

135 a 

32-36 50-60 

40-50 50-60 

36-40 60-70 

iE-50 60-70 

55-57 30-35 
22-35
30b 35-45 


42-52 40-50 

42-51 40-5C, 

42-48 50-60 

44-46 60.0 

43.45 60-70 

-0 

46 60-70 
40 60-'0 

44 50-.60 
34-36 50:60 

5.--58 20-24 
57-59 20-24 
56-58 22-25 

55-57 22-25 
56-58 20-22 
54-56 20-22 

60-62 25-30 

58-60 25-30 

60.62 30-62 


60-65 25-30 


60-62 25-27 

Sterility
(,) 


12-16 


30-35 

10-12 

10-15 


~1-1 
10-12 

10-12 

10-13 

10-13 

10-14 

10-13 

0 

10-15 
10-15 

12-18 

10-12 

10-12 
10-13 


1012 
10-12 
10-12 
10-12 

7-10 


10-15 

6-10 

9-1A 


7-10 


Milling
r tturn(y,) 

6a 


65 

60 

68 

60 
70 

70 


71 

70 

72 

73 

60 
60 

68 

62 


65 

60
 

60 


60 

58 

60 


62 


58
 

70
 

58
 

60
 

Life cycleDesizination Sc~son (days.) Height Yitld Ste!llity Milling(Inch ) 	 G(md,'acre) ctturn(y.) 

Patnal 23 Transplant 

Am;n 158 a 62-68 34-38 9-14 60

Rai;ail Tran.pIant
 

Aman 142 a 55-5c 25-28 12-15 60
 
Badshabh og Tr an !plant
 

rn 150 a 58-60 28-32 10-12 60
 
D0 abh Ah;n a 55-57 30-35 11-14 60
 

60
 
Habisarn. BroIc
 

,-.rn Am;. 
 210 b 48-60 25-26 10-15 58 
HEb g-E C2cst
 
Aman 1i Am. 
 n 225 	b 60-E4 ?5-26 10-12 60 
Habig;n rcdct

Aram iV ."Z 230 b 72-96 c 28-30 10-12 62
 

- 7 

Hzbignj c
 

Aman V' 
 240 b 108-144 c 2 5-f 10-12 62
 
Habiganj ,r'-:: -i t
 
Amin Vill Anr. 240 b 108-144 c 25-27 I0-12 62

Gabu r:. B ct
.: 


Amr 230 c 72-96 c 25-27 10-12 60 
Mal iabh a n rBrrac I 
H-b iganj Arn 230 b 72-96 c 20-22 10-15 58 
Bore Ii 6ore 150 55-57 25-30 a-12 62 
Habiganj
 
Baro iV 
 Boro 145 53-55 25-30 8-12 62 
Habigan 
Boro V! Bore 147 55-57 3545 8-12 60 
HabIganj 
Boro Vill Bore 150 30355557 6-!2 60 

a These Yarleties are photcperiod.stnitive and their life cycle 
which varies with date of seeding is based on mi.june sowing.
b These alse are photoper lcd-sensitive and their cycle Is based on 
Apr!: soving. They also vary depending on date of seeding . c Height
depends en flood leyelt Therefore, water depths hiwhich they grow 
are ZiYen. 



A few of the more important factors affecting the growth
 
of rice in Bangladesh are discussed below.6
 

3.4.1 Stages of Rice Growth
 

Three main growth stages are r3cognized in
 
rice, the vegetative phase, the reproductive phase, and the
 
ripening phase. 
The vegetative phase can be subdivided into 
(a)
 
the basir vegetative phase and 
(b) the photo-sensitive phase.
 

Vegetative Phase Reproductive Ripening
Phase Phase
 

Seedling Phase 
Basic Vegetative Phase 

Photo Sensi-
sitive Phase 

Panicle 
Initiation 

14-63 days in most 
seedling varieties 35 days 35 days 25-30 day! 

25-30 days Aus seedling 

45-60 days Boro seedling 

25-30 days T.Aman 
seedling 

In Bangladesh, most rice varieties have a
 
ripening phase of 25-30 days. 
 The reproductive phase is gener­
ally another 35 days, and the photo-sensitive phase (in varieties
 
which are photo-sensitive) is also believed to be 35 days.
 

Photo-nonsensitive rice, including most of
 
the HYV's,is adaptable to many parts of 
the world. However, in
 
Bangladesh, photo-sensitivity is important to Aman varieties as
 

Based mainly on information and papers provided by Drs.

A.J.M. Azizul Islam, Head of Agronomy and Md. Zahurul Haque,

Head of Plant Physiology, B.R.R.I.
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they will
7 
produce even if planted late. Experimental work at
 

B.R.R.I. 
 suggests that, in Bangladesh, September 10 is the latest
date for transplanting T. Aman without affecting yield, because
 
flowering has to be completed by the second week of November.
 
A photo-sensitive variety planted still later produces some yield,

while photo nonsensitive varieties failed to complete their repro­
ductive cycle.
 

B. Aman is also photo-sensitive, as it is
 
seeded well before (April-May) the water rises and has 
a growth
 
duration requirement long enough to mature only after the water
 
recedes. 
 Both types are harvested in November-December. 
A photo­
sensitive variety planted from January to July (like Nizersail
 
at Joydebpur) will flower in late October and produce its crop

before low temperatures (21C and below) damage the crop, while
 
a photo-insensitive variety might be damaged because its vegetat­
ive phase will extend its panicle formation time into the cold
 
season.
 

3.4.2 Photo-Sensitivity
 

Deep water rice suitable for Bangladesh must

be photo-sensitive, long-season varieties. 
 In this case, seeding

data makes little difference. The plants ripen only when most or
 
all the water has drained off. 
 This occurs because the reproduc­
tion and ripening phase is initiated by day lenqth, and the photo­
period mechanism is 
set off at the time of the year when water has
 
drained from the field. 
 The advantage of the photo-nonsensitive
 
HYV varieties, aside from their ability to respond to fertilizer
 
usage, is that they are not photo-sensitive; their growth cycle

remains fixed regardless of seeding date or location. 
 HYV's can
 
thus be grown in many different latitudes world wide. 
The main
 

Hag. Z. "Photo-periodism and Thermosensitivity of Transplant
Aman Rice in Bancladesh", B.R.R.I., Joydebpur, Dacca, undated.
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factor influencing within narrow limits the growth cycle of a
 
given HYV, is temperature. Thus, Biplap, a wide-spread HYV in
 
Bangladesh, has a life cycle during the Aman season of 140-145
 
days, while during the Boro season, when temperatures are lower,
 
its life cycle is 170-175 days. Yields are generally higher in
 
the latter season, because days are clear and solar radiation
 
increases. 
 BR-6, a variety released by B.R.R.I. and recommended
 
for the Aus and Boro season, has stated life cycle of 106 days
 
in the first and 135 in the later season.
 

3.4.3 Rainfall
 

Most rice grown in Bangladesh is rainfed.
 
The critical stage of a water deficit is the period from about 10
 
days before flowering to flowering. Water stress during that
 
period produces high sterility, and reduces yields correspondingly.
 
Average water requirements for rice crops taken from 43 
sites in
 
7 countries (including Bangladesh) was 1240 mm. The actual re­
quirements for each variety, cropping season and location will vary
 
greatly, dependin9 
on soil makeup and other factors like solor
 
radiation, temperature, wind speed and relative humidity which
 
determine actual evapotranspiration. 
Under field conditions, the
 
T. Aman crop requires uniform moisture throughout September. If
 
there are 4-5" of rainfall in October, from at least two showers
 
with 2-2 falling during the second week, a bumper crop can be
 
expected. In general, however, the effect of rainfall patterns
 
on the growth and yield of rice in the different regions requires
 
additional study.
 

3.4.4. Temperature
 

Temperatures below 200C strongly affects
 
panicle formation, which occurs 14-17 days before the flowering
 
stage. Photo-nonsensitive varieties, i.e., 
HYV, are more affected
 
by low temperatures during that stage than traditional photo-sensi­
tive varieties. 
 They remain green, buc do not flower. There are
 
also some cold tolerant varieties.
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B.R.R.I. is presently testing varieties for
 
their resistance to high temperatures, especially at the heading
 
stage when it is most damaging. While there are variations in
 
the experimental date of various authors, several critical temper­
ature ranges are recognized for different kinds of physiological
 

properties. 8
 

The optimum ranges for the most rice physio­
logical activity is from 150C to 
33°C with decreasing activity
 
down to the 0 level and up to 9
the 48 C level. Beyond these two
 
critical levels, all activity ceases. 
 The optimum temperature
 
appears to be 
near 30 C for the daytime maximum and near 20 C for
 
the nightime minimum. 
Low high and optimum temperatures for rice
 
at different growth stages are given in Table 3, and the effect of
 
high temperature on sterility is given in Table 4.
 

It haF been shown that the growth duration of
 
IR-8 at Dacca was negatively correlated with minimum daily temp­
erature 
(Chang and Vergera 1971).10 The optimum high temperature
 
for floral initiation and development was between 20 and 25°C
 
while 15°C prevented floral initiation (Owen ].972).ii
 

Tn RBangladesh, temperature during the Aus and
 
Aman seasons 
is not the limiting factor to growth and production.
 
Solor radiation becomes the critical factor, due to the monsoon
 
cloud cover. 
During the Boro season the reverse is true, i.e.,
 
yields are higher because of abundant solar radiation, but the
 
growth cycle is lengthened and production may be reduced by
 
temperatures below optimum. B.R.R.I. found that HYV planted in
 
February, when temperatures increase, added 5 days to their life
 
cycle for every month that planting was delayed after November
 
(the beginning of the Boro planting season).
 

8 See Appendix 5 for greater detail.
 
9 I.R.R.I., "Climate and Rice", P.175.
 

10 I.R.R.I., "Climate and Rice", P.93.
 
11 Robertson, "Rice and Weather", P.12.
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TABLE 2
 

RESPONSE OF THE RICE PLANT TO VARYING TEMPERATURE
 
AT DIFFERENT GROWTH STAGES a / 

Critical Temperature (0C)

GROWTH STAGE 
 Low High Optimum
 

Germination 	 16-19 45 18-40 (29)c /
 

Seedling emergence and
 
establishment 
 12-35 35 25-30 (27.5)
 

Rooting 
 16 35 25-28 (26.5)
 

Leaf elongation 7-12 45 
 31 (31)
 

Tillering 
 9-16 33 25-31 (28)
 

Initiation of panicle 
 15 -- -­
primordia
 

Panicle differentiation 
 15-20 30 --


Anthesis 
 22 35-36 30-33 (31.5)
 

Ripening 
 12-18 30 20-29 (24.5)
 

a/ 	 Yoshida, 1977 (Tamisin and Pendleton, 1980).

b/ 	 Reproduced in Hague, M.Z. 
"A Brief Review on Climate and


Performance of Rice" B.R.R.I., January 1982.

c/ 	 Numbers in parenthesis were used in the computer program where
 

applicable.
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TABLE 3
 

Duration (hours of High

Temperature 350 C for 
 Sterility %
 
Five (5) Days 
 04 - 63G IR747 B7-6
 

8 (0900-1700) 
 69 20
 

6 (1000-1600) 
 55 11
 

4 (1100-1500) 
 38 10
 

2 (1200-1400) 
 13 8
 

10 8
 

EFFFCTS ON STERILITY ON DURATION
 
OF HIGH TEMPERATURE STRESS AT THE
 
FLOWERING STAGE OF RICES
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The temperature sum required for maturity
 
is set at 3400 day degrees above zero for a medium duration
 
variety, and a 2850 day-degrees for a short-duration variety.
 
This 	does not take into account threshold values in case of ex­

treme temperatures.
 

Regardless of variety, panicle initiation is
 
assumed D take place when 55% 
of the required temperature sum is
 
accumulated, while flowering occurs at 80% 
of that value. These
 
parameters determine the length of the grain filling period.
 

3.4.5. Solar Radiation
 

The vegetative phase is affected very little
 
by variations in solar radiation. During the reproductive stage
 
solar radiation strongly affects the number of' spikelets produced,
 
and during the ripening stage, the grain filling process. It has
 
been 	calculated that 300 cal/cm2/day are needed during the repro­
ductive stage to produce 5 t/ha in varieties genetically capable
 

1 2
of this level of production A lower radiation intensity is
 
sufficient during the ripening stage. 
Exact values of radiation
 
intensity for the different regions of Bangladesh are not now
 

available.
 

During the ripening phase of T. Aman and B.
 
Aman 	when skies are clearer, the number of spikelets per square
 
meter may be the limiting factor in yield. Therefore, management
 
practices to increase the number of panicles should be encouraged
 

by B.R.R.I.
 

3.4.6 Plant Nutrition
 

Fertilizer data published by B.R.R.I. indicate
 
that application of nitrogen fertilizer beyond 60 kg/ha does not
 
produce economic returns. 
 This 	lack of response is apparently due
 

12 	 Hague, Z. "A brief Review on Climate and Performance of
 
Rice". B.R.R.I. 1982
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to the fact that large areas of rice soils in the country are
 
deficient in Zn, S, or both. 
The presently recommended amounts
 
of 60 kg/ha, of P205, and 40 kg of K20 may have to be halved.
 
Application of fertilizer, and the response of HYV to it, 
is the
 
key to HYV high yield. Data from the Philippines indicate that,
 
without the necessary input of fertilizer HYV's will not produce
 
more, and might produce less, than traditional varieties, which are
 
well adapted to local conditions. 1 3
 

Other important factors not included in the
 
modeling effort due to lack of data, include:
 

* different cropping seasons require different
 
amounts of fertilizer applications. A N-P-K fertilization of 80-60­
40 kg/ha is recommended for Boro rice, and 60-40-20 kg/ha for Aus
 
and T. Aman rice. Fertilizing deep water rice 
(B. Aman) is extremely
 
complex.
 

* experimental data show an occasional response 
to molybdenum (Mo) when added to a complete fertilizer (N-P-K).
 
Mo is one of the essential elements required for plant growth, but
 
only in minute quantities. However, relatively little research has
 
been done on it world-wide.
 

3.4.7 
 Floods and Rice Production
 

Most of Bangladesh is part of a river delta
 
and very flat. It is 
a fact of life for farmers that these rivers
 
flood large areas every year for a considerable period of time.
 
In many of these flooded areas, the most suitable crop (during the
 
flood period) is B. Aman 
(deep water rice), which has the ability
 
to elongate very rapidly, managing in r-ny cases to grow as the
 

13 Newton, H.P. "Crop Diversification", 1970
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flood waters rise. 
 If it grows fast enough, it will survive and
 
produce a crop. 
As these varieties are photo-sensitive, they will
 
flower and mature at a time when the flood waters have receded,
 
and it is possible to harvest them on fairly solid ground. 
 How­
ever, some is harvested while there are still flood waters
 
present and harvesting has to be done from boats. 
At times,
 
flood waters rise to levels unexpected by farmers and damage
 
other rice crops like the Aus crop or the T. Aman crop, which
 
do nct grow well in excessively deep water (i.e., varieties are
 
used which will not elongate rapidly enough to grow with
 
the rising flood waters). However, in normal years, these varieties
 
yield better and are much easier to harvest than the very long straw
 
of the B. Aman varieties. While all rice varieties grow well in
 
standing water, some 
like the B. Aman varieties grow rapidly and
 
often thrive in flood water. 
No rice will survive if the water
 
rises so rapidly that elongation cannoL keep in step with rising
 
flood waters which keep the rice submerged for longer periods.
 
The rise in water level has to cease prior to panicle emergence
 
since further elongation by the plant is not possible after this
 
stage. 
 If the water level rises after panicle emergence, the
 
panicle may rot below the water surface.
 

Higher water temperature is believed to speed
 
elongation, but very few observations are vallable. 
 It is believed
 
that early flood waters are well below optimum temperatures as the
 
water comes from mountain run-off. However, cooler waters prevent
 
oxygen deficiencies for the growth processes of the rice plants.
 

Obviously, even B. Aman rice will not grow
 
equally well in all water levels. 
 Research at B.R.R.I. on water
 
levels suitable from the plant's point of view -s underway. As far
 
as could be determined, no systematic studies exist on the frequency,
 
extent and depth of flood water.
 

From historical experience, it is widely known
 
which areas and "Vianas" are flood-prone, and also where serious
 
damage to crops most often occur. However, it appears that no study
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correlating flood crests, frequency and length at designated river
 
level gauging stations with the area of the country flooded. 
 Fin­
ally, there does not exist any flood study correlating depth and
 
length of flood with its potential effect on the current rice crop.
 
The only information and studies which seem to exist are post-flood
 
damage reports.
 

3.4.8 Weedinq
 

An important cultural practice modifying
 
the environment for rice is weeding. 
 The most critical period
 
is 14-21 days after seeding when the small seedlings must be
 
protected from competition. HYV are very sensitive to weed com­
petition up to 60 days. 
 After 60 days, they are well established.
 

3.4.9 Wind
 

Some investigators hold that gentle winds,
 
with wind speeds up to 0.3-0.9 m/sec, improve grain yields as they
 
increase turbulance in the canopy and reduce the boundary layer
 

14
resistance near the leaf surface. This promotes photosynthesis .
 
Others consider this effect of very little importance.
 

Strong winds like typhoons produce lodging,
 
thus reducing yield by shattering grain and increasing losses during
 
harvesting operations. The HYV, thanks to shorter heights and
 
thicker straw, resist strong winds better than traditional varieties.
 
Constant winds at the flowering stage also often reduce the grain
 

setting.
 

Stronger dry winds may produce excessive
 
dessication. 
Certain leaf diseases also may be spread more rapidly
 
and farther afie"! by strong winds 15 .
 

14 I.R.R.I., Climate and Rice, P. 72
 
15 Robertson, "Rice and Weather". p. 13
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Field checks have shown that the quality of reported
 
data varies considerably. 
While some yield and acreage data are
 
honestly estimated, others are produced under the pressure of
 
some campaign to report a successful project. For example, in
 
one area, 6,000 
acres of T. Aman were reported, of which 1/3 was
 
reported as HYV. 
In that area, there is a campaign to increase
 
the use of HYV. Agricultural extension workers are under great
 
pressure to report higher figures 
so that their efforts look good.
 
In this particular area, only about 200 
acres could actually be
 
located.
 

The findings of 
a HYV Aman Rice Task Force in November/
 
December, 1974 saggested that HYV averages were normally overesti­
mated by 3-4 times. In some cases, 
acreage was exaggerated 20
 
times or more. The reasons for this exaggeration are threefold:
 

a) Genuine over-estimation, especially because HYV
 
rice can be more easily spotted from roads, and
 
is often grown on lands a little higher and more
 

visible;
 

b) Deliberate exaggeration, occurring as a result of
 
pressure to achieve high targets of production
 

in order to be a "success".
 

c) The existence of Pajam rice. 
 This rice variety,
 
which reached Bangladesh from Malaysia and is of
 
Pakistani-Indian-Japanese origin 
 is superior in
 
yield to most local varieties grown using low level
 
technology (it will respond to modest fertilizer
 
applications). 
 Using a higher level of technology
 
(heavier application of fertilizer), Pajam will
 
lodge like most other rice varieties, and therefore
 
not equal I.R.R.I. 
or B.R.R.I. HYV in production.
 
However, in 
some years and areas, the Pajam acreage
 
has been included in HYV statistics, especially in
 
earlier years, thereby overestimating HYV acreage.
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4.0 DATA TYPES, SOURCES AND QUALITY
 

4.1 General Statistics
 

The Bureau of Statistics. Ministry of Planning, annually
 
publishes a "Statistical Yearbook 
3angladesh" which contains
 
agricultural data. 
 Prior to 
January, 1976, agricultural statistics
 
were published by 
the Ministry of Aqriculture.
 

The collection and prsent, t ion of agricultural statis­
tics in Bangladesh has been reviewed in some detail (Pray, undated 
draft). His findings i ndicat:ied that, in the past, data were strong­
ly influenced by subjctiive 
 nud (ment at several levels. 
 In one
 
example, a "union" (severl 
 villacies urouped together) estimate of
 
areas planted in rice sli rInk by 141 
through the process of reporting
 
the number from the 
'IUnion" oWficial 
to the Director through the
 
office of the 
"Thana" (Police Station) 7
 

According to 
his study, reported acreage figures are
 
strongly influenced by knowledge of a detailed plot by plot survey
 
undertaken in 1944/'45 by 
the then British administration. 
This
 
survey is ccnsidered a benchmark survey by officials. 
However,
 
recent checks have raised doubts as to the accuracy of this 
survey
 
is considered a benchmark survey 
 bw officials. However, recent 
checks have raised doubts as to tho accuracy of this survey, and it
 
is not believed that 
less than 10i of existin plots were surveyed.
 
A check using 3952-69-74 aerial photographs showed definite
 
inaccuracies in settlement 
areas 
in the different "Thanas". 
 Yield
 
figures are still influenced by 
so called "normal" yield figures
 
obtained by crop cuttinj experiments done during the British Admin­

istration.
 

16 This section is based upon an undated paper by Dr. C. E. Pray(University of Minnesota), a paper by Md. M. 1I'ssain (B.R.R.I.),

interviews with Dr. 
G. Pabbani (B.B.S.), Dr. 1H. Brammer and
other officials, and 
Fi rst--hand team 	observations.
 

17 	 "Union agricultural assistants and extension agents had the
task of estimating yield and acreale data, which were re­ported to 
the Bureau of Agricultural Statistics in the Minis­try of Agriculture. 
 Powever, with the transfer of the Bureau
to 
the Ministry of Planning, data collection system has
 
collapsed.",
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One B.R.R.I. investigator (Hossain 1980) studied 28
 
villages belonging to three different "Thanas" 
(Police Stations)
 
onc of which is located in the Comilla district and two which
 
are 
located in the Dacca districL. 
 This study suggested an
 
area over-estimation.i 
of 25% correspondincg 
to 6,500 acres (. .00 ha)
in one "Thana", 8 qccual.ing 4,q70 acres (2,000 ha) in the second 
"Thana", and 29% representi mi an overcount of 68,630 acres
 
(27,500 ha) 
in the third. Th cnrresnonding excess production
 
estimates were approximately 4,100 t, :3,900 t, and 44,000 t,
 
respectively.
 

At the 
same time, in other districts, there has been
 
an undereporting of IYV acv caqe. 
 The cause of this undereporting
 
may have been the government levy systam for procuring the rice.
 

At least 
For a time, the .overnnent tried 
to levy a
 
higher percentage of ric_ 
 From ac reoqns planted in I{YV than those
 
in traditional varieti-vs on 
the theory that these 
areas would pro­
duce more. As the rice market price to producers at that time
 
(1974/75) was higher than 
the yovernment procurement price,
 
farmers would under-report their HYV acreages in order to 
sell on
 
the market. The levy vstew is 
no lonqer in effect, aad all sales
 
to 
the government procurement system are 
now voluntary.
 

Of the more thani two mil.lion huctares of rice severely 
flooded each year, 
a large percentage is planted to a mixture of
 
Aus and B. Aman (deep water rice). There is 
a strong indication
 
that these areas are double counted by the B.B.S. 
 This is done
 
by including the acreage in 
the estimate of Aus rice and then
 
again during the estimate of 
the R. Aman crop. This leads to an
 
over-estimate of the 
area 
and presumed oroduction of both crops.
 

Another B.R.,.T. study critical of B.B.S. yield data
 
for deep water (B. Aman) rice is 
a 3-ycar (1977/78 - Clay et a!
 
and Catling et al) crop cutting trial 
involving 239 plots, which
 

46
 



indicated yields about double of those reported by B.B.S.
 
statistics. 
 While it should be kept in mind that crop cutting
 
trials qeneraily have a bias toward higher yield figures, there
 
is still 
a great difference left unexplained. Figure 11 illustrates
 
these differences.
 

Yield data irom research plots are also, in many cases,
 
not reliable. As 
a general rule, only larger farmers can be
 
approached for participationi 
in research projects, as small 
ones
 
need all their areas 
for their own food production. Large farmers
 
who cooperate, tend 
to offer low-yielding fields, 
the use of which
 
will not interfere with Lheir own 
farm operation. In addition,
 
easy access fields (along roads) and level 
fields are preferred.
 
This tends 
to result in the selection of an unrepresentative plot.
 
In one field check, 
80% of plots used by one station were found
 
unsuitable for experimental work and 
a larq part of the remaining
 
20% 
were found to be unrepresentative, thus making it impossible
 
to extrapolate from the results obtained. 
 In recognition of the
 
defects of existing statistics, the Bureau of Statistics recently
 
undertook a program to 
train and 
retrain its agents, increase its
 
field staff (the B.B.:S. and
has agents down to the "Thana" level) 

implement a system 
to check the work of field officers.
 

Team members were unable, unfortunately, to check this
 
program out country-wide. However, they,were able to visit the
 
facilities and some 
B.R.R.I. experimental fields in Joydebpur,
 
an elite agricultural research station in Bangladesh, the B.A.R.I.
 
Station at Ishurdi including experiments in farmers' fields 
run
 
by them, and the nearby B.A.D.C. seed multiplication farm. 
 In
 
all these cases, fields visited were well layed-out, well labeled,
 
well maintained and clean. 
This suggests that a general improve­
ment may be taking place.
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FIGURE 11
 

Mean yields of broadcast aman paddy for 1977, 1978 
and 1979 according to 
official Government estimates
 

and crop-cut estimates, Bangladesh
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Besides an improvement in its field work, the B.B.S.
 
will also need to improve its manner of publication. A rather
 
superficial check of data published 
showed differences in numbers
 
of identical tables from one year to the other in the yearbook
 
and other publications. (One example is Table 4.92, 1980 Year­
book, Dacca District Boro rice acreage for 1977/78 and tables
 
for Aman rice 71/72 in Bangladesh Agricultural Statistics,
 

Ministry of Agriculture, November 1973)18
 

The B.B.S. must also speed data preparation. At present,
 
it takes at 
least six months from the time data is collected
 
until it is available for use by outsiders.
 

Finally, it should be noted that the official government
 
estimate for food grain production at the moment is arrived at
 
by pooling information from the Ministry of Agriculture, the
 
Ministry of Food, the Bureau of Statistics, and the Planning
 
Ministry. Its 
final figure is often reported to be a compromise
 
between the Ministry of Agrigulture which, being responsible for
 
production, prefers a higher estimate, and the Ministry of Food,
 
which being responsible for distribution and maintenance of
 
adequate food stocks, generally prefer a lower estimate so they
 
will not be caught with insufficient supplies and can request
 

food aid in a timely fashion.
 

Another example of deficient B.B.S. data is discussed in
 
detail in the section entitled "Comparison of Yield Data
 
for Similar Areas, but from Different Sources" (Section
 
5.2).
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4.2 Methodology of B.B.S. to Obtain Crop Yields 19
 

The B.B.S. has established 5,751 clusters of plots country­
wide, each of whic' is five acres 
(2 ha) in size. B.B.S. "Thana"
 
level agents observe these plots and record data every two months.
 
These clusters are taken from cadastral survey maps which are 
60 ­
70 years old, and often incorrect. However, there are no maps 
available. After each cluster is located on a map, it is sub­
divided into numbered segments. 
 Each segment is then triangulated
 
and the size of each segment is determined.
 

At harvest time, the 
"Thana" agents are instructed to obtain
 
yield data from areas 
selected at random by headquarters. To avoid
 
any bias, they are given map coordinates for each sampling cluster.
 
Actual harvesting (and data collection) is done by following the
 
West Bengal crop cutting prucedure. For this, the field agents
 
place a pointed rod into the ground at the point indicated to
 
them through coordinates. A rotating arm is placed around this
 
rod, and is extended two feet. 
 Using sickles, a four-feet diameter
 
circular area is cut and collected. 
Then, the arm is extended to
 
full length of five feet, eight inches 
(5'8") and the remainder
 
is cut. Thus, a total area of one-hundred square feet is harvest­
ed.
 

The harvested rice is placed on a canvas sheet and thresh­
ed (by beating by hand). 
 The grain is cleaned of chaff, and placed
 
in a cloth bag. 
 It is then weighed on a hand-held two-pan scale
 
and the weight is recorded. 
 After this, the grain is sun-dried
 
for about 10 days and re-weighed. Re-weighing is continued until
 
a constant weight is obtained. This is recorded as the final
 
harvest weight on an air-dry basis. 
 For Aus and Aman rice, the
 
coefficient of variation has been found to be 3%.
 

Interviews with D. G. Larsen, Dr. Rabbani, and other B.B.S.
 
officials.
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The B.B.S. agents also report other information about the
 
crop such as fertilizer or manure applied, pest damage, etc. 
 A
 
copy of the reportinq form is given in Appendix G-1. At a later
 
date, other agents of the B.B.S. will carry out a limited number
 
of "Crop Cutting Experiment for Yield Post-Harvest Verification"
 
interviews to make sure field agents follow the prescribed pro­
cedures. 
A form used for This type of interview is given in
 
Appendix G-2.
 

This system orir'a&ed in the mid-sixties usinq extension
 
agents of the Ministry ot Agriculture, as the B.B.S. had no field
 
agents at that time. 
 This system broke down and has been rein­
stituted since 1978, but is only functioning in the District of
 
Dacca. The B.B.S. is only now ready to extend it to the other
 
20 districts of Bangladesh. Following an intensive training
 
program scheduled for February 1981, it is hoped that the crop
 
cutting procedure for yield estimates will be used country-wide
 
for the 1981 Aus crop.20
 

The reporting of overall acreagc estimates for the differ­
ent crops, including rice, is based on a coordination of visual
 
estimates, field interviews of farmers and officials, and the
 
establishment of a ratio between measured crop acreages in the
 
different clusters al;d 
the total size of each "Thana". Changes
 
within each "Thana" are then calculated from the changes in each
 
sampling cluster. 
While this method is biased from a statistical
 
point of view, (the clusters are fixed and the sample is not a
 
true random sampling) the B.B.S. feels that thp use of this method
 
will result in a fairly accurate estimate of Aus and Aman rice.
 
They are still working to improve their estimate of the Boro crop
 
areas, which they feel are not satisfactory. It could be that
 
for the Boro crop, satellite imagery will eventually prove help­
ful, as 
the Boro crop grows mostly under cloudless skies and will
 
be differentiable from the larger areas of fallow land during that
 
growing season.
 

Some officials estimate that it will take until 1985 to
 
make the system fully operational.
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Thus far, the B.B.S. has not confronted the problem of
 
reporting acreages of Aus-B. Aman 
(Deep water rice) mixtures.
 

They are generally double-reported. However, the B.B.S. intends,
 
in the future, to report separately areas seeded and areas actually
 
harvested. Area estimates published in recent statistical year­

books are meant to be areas harvested, although they are not
 
specifically identified as such in the book. This is shown by
 
comparing acreages lost due to storms and flood with those report­

ed as seeded and/or harvested.
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5.0 DATA INPUT FOR THE WEATHER-CROP YIFLD MODEL 

In order to develop the weather-crop yield model, two
 
sets of data have been used--historical climatoloqical data and
 
historical crop yield data. The climatic data include weekly
 
averages of rainfall, maximum and minimum air temperatures and
 
solar radiation. The team also included the impact of fertil­
izer, Floods and croT) damaqe. These data have been tested against
 
the available crop yield data for rice during the Aus, Aman and
 
Boro season, and for wheat in the Boro 
season. Testing was done
 
separately for IHYV and LV ot rice. Other needed data were not
 
available. nrinin, availability and qualitv of all data is 

21
 
discussed below
 

5.1 Yield Data
 

To calibrate yield against climatic and other
 

variables, it is essential to have a lone reliable set of histor­
ical yield data. 
 The only rice yield data found with sufficient
 
historical 
length were those of the official statistics, and the
 
data of the B.A.D.C. seed multiplication farms. B.R.R.I. also
 
has some yield data presumed to be reliable, but it lacl suffic­
ient historical lenqth. 
 The problems of the official statistics
 
were discussed earlier. Howeve:7, 
in spite of their deficiencies,
 
they have been used as they are available and would be the 
source
 
of new data. It is believed that yield data from the B.A.D.C.
 
seed multiplication farms represent the best data available for
 
the purpose of this project. This is 
not to say that they can be
 
considered good or reliable. 
While most of this data appears
 
acceptable, it does contain a number of illocical data. 
 For
 
example, farms in one or more season 
reported lower yields for
 
the HYV then the traditional varieties. 
 A check of the original
 
data on 
file at the B.A.D.C. confirmed that the published data
 

Data formats have been maintained so that additional new
 
weather data would need no modification.
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were not misprints. Whether the numbers entered originally in
 
the files were mistakes could not be determined. No one in
 
B.A.D.C. could be located to explain such an 
inversion.
 

The B.A.D.C. seed multiplication farms that were used
 
in this study are 
listed in Table 5 and their location are indicat­

ed in Figure 12.
 

5.2 Comparison of Yield Data for Similar areas, but from
 

Different Sources
 

The team, throughout this project, has tried to find
 
reliable yield data for a long historical period, as this is
 
essential (toqether with sufficient climatic/weather data) in
 
constructing a weather crop yield model. 
 The data published by
 
the B.B.S. represented sufficient historical depth, but grave
 
doubts as to their reliability exist, as exolained earlier. 
The
 
other source of historical yield data on rice was located in the
 
-ield data of the seed multiplication farms of the B.A.D.C.
 
Nothing is known about their reliability, and officials of the
 
B.A.D.C., while most cooperative, did not offer any valued judge­
ment, even on a private basis. Officially, of course, as they
 
are the official data of the B.A.D.A., they are classed as
 
"correct". 
As pointed out elsewhere in this report, certain
 
obvious discrepancies in the data were discovered, such as 
higher
 
yields from the LV than the HYV. 
No explanation for this could be
 

obtained.
 

During the project, the team was advised that the B.B.S.
 
had the results of "countless crop cutting trials for many years
 
from all parts of the country". Therefore, a request was made to
 
the Agricultural Win, B.B.S. for the data from areas where they
 
considered the yield data most reliable, for as many years as
 
possible, but not earlier than 1960. 
 It was specified that these
 
yields should be from areas not too distant from the Meteorological
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stations which were used by the team for construction of the
 

weather yield forecasting model. Yield data for HYV and LV,
 

where available, were reauested separately.
 

In due time, the Agricultural Wing, B.B.S. delivered
 

some data, but only for 4 years, i e., for 1976/77; 1977/78;
 

1979/80; 1980/81 crop years; for Aus; T. Aman; and Boro rice
 

yields for the followina Thanas:
 

Thana District
 

Savar Dacca
 

Gopalganj Sylhet
 

Jhikargacha Jessore
 

Sherpur Bogra
 

Atghoria Pabna
 

Uzirpur Barisal
 
(or Wazipur)
 

Unfortunately, a set of only five years of historical
 

data is insufficient to construct a weather yield forecasting
 

model of any validity. However, the data were used as a com­

parison with the official B.B.S. district yield data and those
 

of the yield data of the B.A.D.C. seed multiplication farms for
 

the years available.
 

Comparinq the yield curves of the selected "Thanas"
 

with those of the published district yield data, showed the data
 

to fit perfectly, with the possible exception of differences for
 

HYV of rice in Pabna for 1977/78, HYV of Aus rice in Sylhet for
 

1976/77 and Aus rice in Jessore. Data for the seed multiplication
 

farms of the B.A.D.C. showed some similarities in some years and
 

slight deviations in others. A few are quite erratic, when com­

pared to the similarities of the curves produced by the data from
 

the B.B.S. published data aid the selected "Thana" Crop Cutting
 

Trials. As a matter of fact, the similarity between the latter
 

two is so strong that one cannot escape the suspicion that the
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TABLE 4
 

B.A.D.C. Seed Multiplication Farms
 

With Yield Data used for Climate Yield Model
 

Location of 
Corresponding 

Name District 
Size of 
Farm 

Meteorological 
Station 

Sylhet Sylhet 40 Gobindaganj/Sylhet 

Mirpur Dacca 47 Dacca 

Dattanagar Jessore-Kushtia 1122 Jessore 

56
 



FIGURE 12
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same numbers are involved and that slight differences came from
 

a different procedure in the rounding off of numbers between the
 

B.B.S. and the team. The Leam reconverted data published in tons
 

and acres (with the thousands dropped off) in the B.B.S. Year Book
 

back to mounds per acre. Of 174 numbers delivered by the B.B.S.,
 

139 were practicaIIy identical, i.e., they show less than one
 
mound per acre difference. Thus, 80% of the data can be considg:­

ed identical.
 

The "Thana" data, as provided by the B.B.S. , supposedly 
representinci crop cutting trials in these "Thanas", and tl,e 

data re-calculated by the team from the official district yields 

and areas as given in the "'.B.S. Yearbook" were compared statis­
tically and the statistician doinc- the analysis concluded that 
"We are 99% confident that the two series are identical". There 

is no logical possibility that "Thana" yield could be identical to 

district yields (There are 21 districts and about 430 rural 

"Thanas" in Bangladesh) . They could be similar, but never ident­

ical. In fact, in a subsequent meeting between Planning Commis­

sion officiaLs and the head of the Agricultural Wing, B.B.S.,
 

the latter admitted, when presented with the evidence, that the
 

supposed 'Thana" data actually were the district data.
 

The statistical analvsis and the offending yield data 

are reproduced in Appendix No. H-I and H-2. 

5.3 MNteoroloLical Data 

The parameters of rainfall, temperature (including
 

maximum, minimum, averages and deviations from averages) and
 

solar radiation (calculated from hours of bright sunshine) were
 

used to develop the weather-crop yield model. Data came from
 

the following locations: Babindaganj near Sylhet, Dacca, and
 

Jessore. The locations of the different stations whose data
 

were considered in this study are indicated in Figure No. 13.
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FIGURE 13 
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These dta were provided by the meteorological service
 
and have been used as given. There was no opportunity or
 
method for appraising their reliability and correctness. Once
 
SPARRSO is in full operation, it may be possible to cross-check
 
data of the meteorological service with SPARRSO data. 
Meteoro­
logical data and the meteorological service are further discussed
 
in other sections of this report.
 

5.4 Crop Damage Factor
 

The B.B.S. estimates damage from disasters affecting
 
various crops, includingi all foodqrains, and published their
 
estimates in 
the 1976/77 and 1979/80 B.B.S. Statistical Yearbook.
 
These disasters incLude storms like cyclones, heavy flooding,
 
hair and damaginq rains or winds. 
 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 loss and
 
areas of partial loss. 
 In the latter case, a percentage of
 
total damage is reported.
 

Potential crop loss is then determined by converting
 
the are: affected by a partial loss into a net area of total 
loss
 
(Example: 100 ha with a 30% 
damage convert to 30 ha total loss).
 
Calculated net total loss of the partially damaged area is then
 
added to the area 
found to be a complete loss. The sum is
 
multiplied by the unit yield (Kg/ha, t/A, md/A, etc) considered
 
the "normal yield" for the district in question. "Normal yield"
 
here is defined as 
the average yield of this area over an extended
 
number of years, excluding years in which a major disaster struck
 

the area.
 

This method has some drawbacks, as it is based on
 
average historical experience. 
 Thus, in a season of generally
 
very poor production, it will indicate a damage loss greater
 
than the actual production loss, and in a very good year the loss
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indicated will be less. In 
an average year, the estimate would
 
be correct provided, of course, that area and percentage estimates
 
of damage are correct.
 

In the present yield model, no quantitative disaster
 
model has been included, thanks to a lack oF sufficient historical
 
and reliable data. Only the possible effect of the presence or
 
absence of a disaster has been included.
 

With the mathematical forecasting model operating,
 
it will be possible to make a more accurate assessment of
 
disaster damage for the current year, because it will provide
 
an estimate of the expected yield per unit area at the time
 
the disaster strikes. 'ield estimates of the area affected and
 
the percent .e of damage to 
the crop still will be needed.
 
However, these estimates can then be calculated with the expec­
ted yield for the current year, thus giving a more exact figure
 

of the quantity of crop loss incurred.
 

In the development of the model, the effect of
 
natural disaster as reported in the statistics bv the B.B.S.,
 
has been included in the following manner. The area reported
 
as partially affected has been converted to 
area of net total
 
loss by multiplying the area of partial loss by the per­
centage of damage. The net total loss area has then been added
 
to the area reported as total loss. Then, the combined total
 
loss has been determined as a percentage of the area harvested.
 
(It could have been reported as a percentage of area seeded.
 
Then the percentage figures would be smaller. However, it makes
 
no difference as disasters have been grouped together).
 

Then, four (4) loss classes were determined, namely:
 

Class I < 2% damage - slight 

Class II 2-10% damage - moderate 

Class III 10-25% damage - severe 

Class IV >25% damage - very severe 
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Accordingly, these four classes have been used for the year and
 
crop seasons indicated to imprce the accuracy of the model
 
developed.
 

In using the data in the modeling effort, it was found
 
that the various crop damaging events seemed not to have any
 
influence on unit area yield. 
This is not surprising, because if
 
the damage estimates are 
either correct or are overestimates,
 
the damage factor is already discounted by reducing the area
 
seeded by the net total of the area damaged. The damage factor
 
should only show up if damage is underestimated or if in arriving
 
at total production figures the area seeded, instead of area harvest­

ed is used.
 

5.5 Fertilizer Data
 

The fertilizer data used to develop the mathematical
 
model for estimating rice yields are those of the official 
statis­
tical yearbooks published by the B.B.S. 
 Their data for distribut­
ion of area was used as 
it could have the best correlation with
 
rice yield in most areas. Distribution in each district was cal­
culated on the basis of fertilizer percentage used in each district.
 
These figures were converted to kilograms of nitrogen per hectare
 
(kg/ha) for the annual total rice areas from all crops, with the
 
exception of deep water rice. 
 The latter type of rice, according
 
to best information available, is the most complicated to fertilize
 
and its area estimates are the least accurate ones. 
Attempts to
 
obtain separate fertilizer consumption data for HYV and traditional
 
varieties proved futile.
 

There is a stronq suspicion that hiqh fertilizer consumpt­
ion data for the district of Chittagong do not actually reflect
 
a higher technology than other districts, but rather the presence
 
of the main fertilizer factories in the district. 
Table 4.61 in
 
the 1980 yearbook of B.B.S. statistics shows fertilizer consumption
 
for this district varying from 10-21% of 
 the national total for
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the years 1963/64 to 1978/79. 
 It is assumed that this reflects
 
a great deal of fertilizer movement in this district, with the
 
fertilizer ultimately applied to crops in other districts. 
 If so,
 
it represents a faulty picture as 
to where the fertilizcer is
 
applied. 
 It also means that the absolute figures we have used to
 
construct the yield forecasting model are not correct. 
However,
 
their general magnitude and year tc year changes can be consider­
ed as representing an approximate picture, with the exception of
 
the Chittagong District.
 

5.6 Soil Moisture Data
 

Crop yield models have been developed using soil moisture
 
data. However, these will be useful only for rainfed crops, which
 
do not use a paddy system. Although much rice is grown under
 
rainfed conditions, the system employed in Bangladesh is 
to use
 
paddies (build small earthen retaining walls around the field to
 
retain the maximum amount of moisture). No provision for drainage
 
is needed as 
a rule because rice will thrive with water standing
 
on the field, provided it is not so 
deep as to submerge the plant
 
completely for extended periods of time. 
 In addition, it would
 
be extremely difficult and unreliable to try to draw up a water
 
balance for paddy. Thanks to 
 ,ry minor topographic differences,
 
water levels can vary greatly in a small area.
 

On the other hand, for crops like wheat, for which the
 
ideal moisture level is field capacity, a model could be develop­
ed using soil moisture as one of the critical variables. To
 
initiate such a model it will be necessary to collect soil moisture
 
data systematically over several years and relate soil moisture
 
to actual and prospective yields.
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5.7 Data Base Improvements Needed to Produce a More
 
Accurate Model
 

The weather crop yield model as presented in Section
 
6.0 is an initial step. 
 To impro.re the utility and accuracy of
 
the model in the future, a consciencious and sustained effort
 
is required to improve the data base. 
 Such an effort should
 
include:
 

1) Extension of the network of meteorological
 
stations to cover the country more completely, especially data
 
on "bright hours of sunshine" or direct readings of solar radiat­
ion;
 

2) collection of soil moisture data on a systematic
 
basis throughout the country for possible use in a future yield
 
prediction model;
 

3) improvement of the area estimates for the various
 
crops including HYV AND LV of rice and wheat. 
The deficiencies
 
of the present data have been discussed in this report. 
This
 
work will likely involve the B.B.S., 
SPARRSO and the Ministry of
 
Agriculture;
 

4) quantification of factors affecting the growth of
 
rice. 
The data presented, like optimum temperatures, critical
 
or threshold temperatures, length of the different parts of the
 
growth cycle, etc., 
have come in part from the available liter­
ature and in part from information secured at B.R.R.I. 
 For the
 
proper and exact operation of a yield model, it will be necessary
 
for the B.R.R.I. to work out in detail the exact conditions
 
affecting the different rice varieties during the different
 
cropping seasons. 
 Data available in the literature have to be
 
reconfirmed for Bangladesh conditions, not only in Joydebpur, but
 
in all the rice growing regions of the country. It is also import­
ant that data be collected on the local optimum and critical temper­
atures, the exact length of each part of the growing cycle (how
 
long is the genera] vegetative phase, the photo-sensitive vege­
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tative phase), 
the point in the growth cycle when the panicle
 
emerges, time of plant flowering, its ripening period, and the
 
optimum time for seeding and transplanting. It is clear that
 
exact data cannot be fixed for 
some of these things, and these
 
data will vary amongst crop varieties, even within the subgroups
 
of HYV and LV. 
These data will also vary depending on local
 
soils and weather conditions. 
However, if research is undertaken
 
to record these local conditions, and the response of the different
 
varieties to those conditions, it will then form the historical
 
basis for 
a much more exact and sophisticated yield forecasting
 

model;
 

5) An effort to study and record similar data in coop­
eration with the W.DoB. and the Meteorological Department for deep
 
water rice, so a forecasting model applicable to this crop can
 

be developed;
 

6) an effort to accumulate similar data for wheat and
 
every other crop for which a yield forecasting model may be develop­

ed in the future.
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6.0 MODELING CROP YIELD
 

6.1 Philosophy of Model Building Used
 

Model or equation building is not a monotheistic acti­
vity; many different approaches can be used in model building. 
In
 
climatological modeling, this is especially true. 
 Because there
 
are so many variables that may impact dependent variables, the
 
selection and treatment of these variables is an 
important topic.
 
A statistical correlation procedure was used to identify several
 
key variables relating to crop yield and 
to minimize colinearity.
 

On an entirely different concept, the spatial scale of
 
the models must be considered. In addition to the fact that crop­
ping processes may vary within agro-climatic regions, it is clear
 
that if too 
large a region is selected for analysis, the probabil­
ity that a single weather-yield model will represent the region
 
unlikely. In contrast, selection of too small 
a region for model­
ing leads to excessive computation. However, choosing the proper
 
scale for a model is difficult because little information is avail­
able.
 

The spatial aim of this research was to model yields
 
on the District level and then compare yield models to determine
 
if neighboring districts could be represented with one equation
 
alone. This research design requires more computer time and re­
search time than large regional modeling, but produces more
 
acceptable results. 
This method also allows for different groups
 
of districts to be aggregated together for different crops. 
 For
 
example, a BOROHY model may best be composed of Sylhet, Comilla,
 
and Mymensingh districts, but a WHEAT model for the 
same Boro
 
season may only contain Sylhet and Comilla. The liklihood that
 
all seven of the modeled crops will be modeled by the same sets
 
of districts is very slight. 
The use of large reqional divisions
 
of the country would not allow for this sort of individual treat­
ment. 
 In a sense, what we are suggesting is that instead of choosing
 
large regions prior to the modeling effort, we should allow the
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modeling efforL to determine the larger regions--to determine how
 
we should aggregate. 
We chose to start at the district level
 
for two important reasons: 
 First, data is generally available
 
at the district level; 
and second, in moving from estimating
 
crop yields to policy making and policy implementation, it was
 
felt that diFtrict level analysis would be most useful. 
 In other
 
words, policy is likely to be implemented at a district level
 
even if it is made at the national level.
 

In addition, the occurrence of storms and diseases also
 
tend to occur in only a few of the d.stricts and not in all districts
 
of a large "region". Some regions such as 
a coastal region probably
 
do experience similar storm conditions throughout, but disease or
 
drought conditions are probably too isolated a phenomena to be
 
modeled by large a:ea equations.
 

6.2 Assumptions of Model
 

Several assumptions were made in order to complete this
 
model building. Because regression analysis was used to generate
 
the equations, all the assumpticns of the general linear model
 
apply to this research. These assumptions are available in any
 
standard regression text and will not. be repeated here.
 

The basic assumption of this research was that there
 
exists a relationship between weekly averages of climatic variables
 
and final crop yields. A second assumption is that these relation­
ships could be identified using crop yield per unit area data toget­
her with locally recorded weather data. 
 Third, we assumed that
 
weather was a major factor in affecting yield per unit area variat­
ion. This is 
to say, that other factors which were not considered
 
by this model, are 
not, in fact, the true determinants of yield
 
model used here, a "Thompson" type yield model, was chosen as the
 
most appropriate. The Thompson-type models are large-scale models
 
derived by multivariate regression procedures. 
These types of models
 
have been shown effective in U.S. Grea- Plains studies. 22
 

In order to estimate yield equations for the major rice
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crops and wheat, it was 
necessary to assume that weather/yield
 
models derived for several locations within the country would
 
adequately represent the whole country. 
 In a larger study, it
 
would be possible to create weather-crop equations for all avail­
able districts and then to "aggregate" them up to a 
few large
 
area equations. However, for an 
initial study such as 
this, it
 
is merely necessary to 
show that the equations can be written,
 
that they are sufficiently accurate for yield modeling and that
 
the procedure can and should be completed by local researchers.
 

6.3 Weather-Crop Growth Interactions
 

6.3.1 	 General
 

Weather and crops are 
interrelated through
 
plant growth processes. 
 Two processes occur simultaneously
 
as a plant grows from a 
seed to maturity. 
One process is "growth"
 
of the total size of the plant, and the other process is "develop­
ment" of the sequential change in form a plant undergoes with time
 
from emergence to final ripening. 
 Growth occurs largely during
 
the vegetative phase of 
a plant's life, described earlier. During
 
the reproductive phase of a plant's life, the plant generally does
 
not increase in total size, but rather expends its energy 
on
 
producing seeds.
 

6.3.2 	 The Vegetative Phase
 

The vegetative phase begins with the plant
 
emerging from the seed and is 
largely spent setting out new leaves
 
at 
regular intervals and extending roots outward into the soil in
 
relation to the amount of 
sunlight, water, carbon dioxide, and
 
heat that is available. 
At the end of the "vegetative" phase, when
 
a plant has either reached a given size or has 
set out some maxi­
mum number of leaves, it signals the end of this stage of develop­
ment by sending up a termix,.l shoot that will produce the plant's
 
reproductive organs, the flower. 
The appearance of this shoot
 
thus marks the end of the vegetative stage of growth and initiates
 
the second major portion of its 
life cycle--the reproductive
 

Thompson, L., 
 "Weather and Technology in the Production of

Corn in the United States Corn Belt", Agronomy Journal,

61:453-456,1969; 
"Weather and Technology in the Produc4-ion
of wheat in the United St.ates", Journal of Soil and Water
 
Conservation, 24; 219-224, 1969.
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stage. The reproductive stage of 
a plant's life is composed of
 
the flowering, grain filling, ripening and the final seed maturity
 

periods.
 

During each staqe in the plant's life, the plant
 
responds differently to weather conditions. For example, solar
 
radiation (i.e., sunlight) is very important to a rice plant
 
daring the grain filling stacie of growth, but during the earlier
 
stages, it is generally not a limiting factor. 
 In the vegetative
 
phase, the plant produces leaf and stalk material from a combination
 
of heat, sunlight and water. As the lez.ves get bigger, they can
 
"catch" more and more sunlight. Thus, this stage of plant growth
 
can be related directly to sunliqht, temperature, plant nutrients
 
and water supplies. The plant growth stage is sometimes mathe­
matically compared to the compound interest rate formula. 
 The
 
rice plant's increase in size is also related to the excess of
 
photosynthesis over respiration which can be approximated by the
 
diurnal temperature variation.
 

While plant growth rates respond to changes
 
in the weather, plant development rates are much more indepen­
ent of changes in temperature, humidity, sunlight, etc. Often,
 
their development rate is 
constant for long intervals of time.
 
The constancy in the rate of development of crops can be very useful
 
in crop yield modeling when data are available to "start" the plant
 

growing.
 

6.3.3 The Reproductive Phase
 

During the reproductive stages, a different
 
set of relationships exist between weather and crop "growth"
 
than was present during the vegetative phase. Because no
 
additional leaves are produced by the plant, the light capturing
 
area (i.e., the energy-absorbing surface) of the plant is fixed.
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Weather during the grain filling period of crop
 
development is closely related to 
final yield. In a very general
 
sense, the vegetative stage in a plant's development sets the size
 
of the plant and its photosynthetic potential for producing grain.
 
Because the vegetative period is 
a long period during which weather
 
and crop growth relationships are constant, weather variations are
 
"averaged out". During the reproductive stage, the plant uses 
the
 
grain producing capacity that the plant created during its vegetat­
ive stage. 
 It is during this much shorter period that a shortage
 
of sunlight or moisture can cause unfilled grains in the plant's
 

head.
 

As mentioned above, a plant's response to weather
 
factors changes with different plant growth stages. In order to
 
estimate the impact weather can have on a plant, it is necessary
 
to have 
some Knowledge of the plant's stage of development. How­
ever, in a country such as Bangladesh, with its extremely complicat­
ed cropping patterns, numerous crop varieties and different plant­
ing dates, the problem of characterizina a weather events effects
 
on crop yield can o ly be dealt with in a statistical or probabil­
istic framework until such time as 
better information on land use
 
or 
crop planting dates its regularly available.
 

For these reasons only, the size of the 
area
 
to be considere6 by a weather-crop yield model must be small enough
 
to avoid the problem of 
long time lags between crop planting within
 
the same region, i.e., 
the planting having been completed in the
 
Southern portion of a region before it had begun in the Northern
 
portion of that same region. 
For this re son, and several others
 
to be descussed shortly, agro-climatic regions which aggregate
 
across a wide variety of cropping practices were not used as our
 
unit of area in developing baseline models.
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6.4 Data Transformation
 

The physical process of crop growth and yield are
 
closely related to variables which are seldom directly measured at
 
weather stations. These transformed variables have been shown more
 
useful in modeling crop growth and final yield than the direct use
 
of weather data (Robertson, 1968). Two examples of transformed
 
variables are solar radiation and evaporation. These variables are
 
solar radiation and evaporation. These variables are normally
 

estimated from available climatic data usinq well-established form­
ulas. Variations in both soil moisture and solar radiation have
 
been rel- ted to variations in final qrain yields by numerous re­
searchers. Soil moisture affects crop yields through its control
 
plant evaporation and transpiration rates (Robertson, 1980). As
 
soil moisture is used for P)ant arowth, the amount remaining in 
the soil that is available for plant evaporation and transpiration,
 
decreases. Below a critical supply, the plant is 
no longer able
 

to grow. Thus, soil moisture directly affects yields.
 

6,4.1 Solar Radiation
 

Net sola- radiation (NSOL), which is the net
 
amount of sunlight available at the earth's surface, is also closely
 
related to plant growth and final grain yields. Solar radiation
 
is the driving force of plant growth. All plant growth's processes
 
at the earth's surface rely ultimately on sunlight for their energy.
 
Sunlight drives photosynthesis, evaporation, winds, and other pro­
cesses 
that affect plant growth. When sunlight intensities fall
 
below a critical level, plant leaves no 
longer carry on photosyn­

thesis.
 

Direct measurement of daily solar radiation can
 
be done with various instruments, but in general, these instruments
 
are too costly for use at most local weather stations.
 

71
 



However, solar radiation can be estimated from sunshine date through
 
the 
use of two well known equations, the Angstrom equation and the
 
Linacre equation. 
These equatiu,,s were used for Bangladesh. The
 
Angstrom equation for total solar radiation (KSOL) is:
 

KSOL = (a+b [N/n]) (EXTSOL) 

Where N/n is 
the ratio of hours of bright sunshine
 
(SUNSH) to hours of potential maximum bright sunshine, EXTSOL 
= 
exuraterrestrial flat-plate radiation available from charts, ar"1
 
"a" and "b" arc 
locally derived empirical constants which should
 
have approximate values of 0.25 and 0.50. Because local values of 
"a" and "b" were not available for Bangladesh, values of a = 0.27 
and b = 0.48 were taken from climatological research in the low
 
lands of Nepal by Lambert (1981). Usinu these values for total
 
solar radiatin (KSOL), the net balance of radiation (NSOL) avail­
able for plant growth and development can be estimated 
using the 
Linacre equation (Linacre, 1967):
 

NSOL = (0.74 KSOL) - [0.0016(0.2[0.8(CLDNS) (100-TAV)] 

Where CLDNS = cloudiness ratio, and TAV 
= average
 
weekly temperature. 
Thus, the net solar radiation is equal to the
 
direct solar energy which is adj ',sted for the amount of sunlight and
 
heat that is "lost" or reflected upward from the crop surface.
 
Thus, the second term in the equation represents the loss of solar
 
energy due to temperature and cloudiness conditions.
 

6.4.2 Evaporation
 

Evaporation rates are related to plant growth.

Plants lose water in the process of growth because they must exchange
 
carbon dioxide and oxygen between their leaves and the air.
 

72
 



In this way, water loss is related to carbon dioxide uptake and
 
therefore crop yield. 
 Several equations can be used to estimate
 
evaporation rates using climatic data. 
 For this research, the
 
Priestly-Taylor (P-T) equation was used to estimate evaporation.
 
(riestly, C.H.B., and Taylor, R., 1975). The P-T 
 equation is a
 
simplification of 
 the Penman equation because it assumes that
 
over a saturated surface, such as 
are 
found in rice paddies, the
 
aerodynamic term of the Penman equation is zero. Their equation 
is:
 

EqEt 1.27 [0/(1+y)] (NSOL-G) 

Where (= slope of the saturation vapor pressure
 
vs. temperature curve, y 
 phychometric constant, NSOL 
= net solar 
radiation, and G is the soil heat flux which is assumed zero for
 
this research. 
 The value of .S/(.A + V) was 
taken from tables avail­
able in Plant Water Requirements (DuBros, andJ. Pruit, W.O. 1977) 

The P-T model of evaporation was chosen over several
 
other evaporation 
 equations because it is a large-area estimator
 
of evaporation, is
but still an equation which is based physi­on 
cally sound theory. 
 Because there are Questions as to tho accuracy

of weather data in Bangladesh, more detailed equations for estimat­
ing evaporation were not considered. 

While actual crop evaporation can be useful in modeling
 
crop yields, 
a more useful variable is moisture stress. 
 Because
 
a detailed soil moisture balance could not be computed for the region

owing to the 
lack of soil water holding capacity and other informa­
tion, a simplified measure of moisture stress wa, 
created which was
 
based on 
the difference between weekly rainfall and evaporation.
 
This variable, DEF, was found to be statistically significant in
 
several equations.
 

Temperature is also a verv 
important climatic variable
 
in crop yields. Crop development is closely related to 
the amount
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of heat that a plant receives. 
 Crowth rates are related to physio­
chemical processes that in 
most instances are a direct function
 
of temperature. Tempcrature data is used in estimating solar
 
radiation as well as evaporation. In addition, 
 threshold values
 
of temperature 
 can be used to indicate a plant's survival. Below 
critical temperatures, plants cannot carry on some of their process­
es. Above maximum -'alues, the Plants cannot live, because plant 
cells 
lose their ability to hold liquids.
 

]n this study, the influence of temperature was model­
ed by two variables, Diurnal Temn-erature Range (DURT) and a
 
snuared 
deviation from optimum temperature at heading (SDVTP).
 
The first variable 
 is rela ted tn low orowth rates in the Boro
 
season. Diurnal 
 temperature d fFferences are the differences between 
daily maximum and minimum Lemperatures. While low night time
 
temperatures can restrict crop qrowth. 
a small diurnal temperature
 
range in summer means highthat nignt time temperatures are using
 
up much of the plant's energy night;at thus, a little is left for 
plant growth.
 

Deviations from an optimum temperature at heading period

(SDVTP) is useful variable, in 
that the variable should give a
 
consisteit 
 arithmetic sian as t.mpecratures depart from optimum. 
All cnofficients of this variable should be negative when they
 
appear in the ecnuations; that is to say, deviations from the best
 
conditions 
 at headinq should have a negative influence on yields.
In most cases this was ti"e, but in 
a few, the signs were positive.
This may be the result of the exnressi.n using only one optimum
temperature - that of the heading Period. Logically, this variable 
should only be considered as valid during the heading period - a 
two-week period after the end of the vegetative period. Because 
this variable occassionall had a positive coefficient, it may be 
measuring or renresntinT some other temperature dependent plant 
process. Further regression analysis with weather data that is 
related to plant stages should solve this problem.
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6.4.3 	 Interaction Variables
 
While each of the derived weather variables
 

described here are related to final cror v"-lds as well as the
 
plant growth Processes, they ofcen act tocether with other 
var­ables to ffect plant- vields . 1-o(I.Iasmnie, literature review
 

sugqests that not soiarl radriati -n (N.OL) and deviation from an
 
optimum tenperature (SDVTi>) both operate 
 together durlug the 
heading T)riod of rice. (Voshide, S. and i. T. Parao, 1975) 
In order Lo model the joint (f :t:ect: of ho these variables , an
 
interaction 
variable was catL. This interaction variable 
is the 	 pr-oduct of those two variables and is labeled QXT. In 
like manner, ain interacL-ion variahlefo net solar radiation
 
and diurnal temperaturj- was 
 droi ve(l (QYL)U). These two variables
 
were reneatediv foueici to1Fect1ve in modelin(i -ice 
and wheat yields. 

One more importanL class of data transformations
 
was needed in t-hses( I-eCress:Ions. The effect of the War of Liber­
ation 	 (1971.) on Finail rice vie ds was modeled by, including a
 
dummy variable, i.e., a varial e coded either ] or for
0 the presence or absence of ear- 1971 in Lhe reressions. In general, 

the variable was non-siin i icant. in a shnilat manner, flood and
 
storm 1085 da ae r-cordi(i in :ho( B - .S. ,on rhooks. These
 
variah -hwe-e 
 inc 3ulded In t:l- modol , but J.n general, they were
 
not Found signj-iicant. This may he due 
 to the 	 fact that the flood 
and storm losses were recorded as they affect the area of the crop
 
and not the total production. 

6.5 Procedure 

Because several renorts have been published which question
 
the accuracy of the official district production and area statistics,
 
it was decided to First use yield per unit 
area data from the
 
government-owned seed farms in regr-ession with weather variables, 
and secondly to r-egress weather lata against published district 
rice yield Per unit area numbers. Usinn this method, a comparison 
of the two data seLs could be made. Glovernment seed farm data 
was made available to us for the years 1961-1980. The seven crops 
considered are: Hiqh Yielding Variety, Aus Season rice 
(AUSHV),
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High Yieldinq Varietv Aman Rice 
(AMONIPY), Local Variety Aman
 
Season rice (AMONLV), Hliqh Yielding Variety Boro Season Rice
 
(BOROHY), 
 Local Variety Boro Season Rice (BOROLV), and Wheat
 
(WHEAT). However, 
 hecause of time constraints, only Boro season
 
crops could be compared in this report.
 

The Boro season was chosen because a complete set of yield

equations for JesscLe, Dacca and Svlhet 
 seed farms had been creat­
ed in Bangladesh. Rather than trying in 
 tle short time remaining
 
to create all poossibI enuations, it was deemed most 
 useful to
 
create a comparable set of yield eqiuations using district data and
 
then compare the two) sots of ecutions.23 

Whil e stnshine data ac-e ecorded a seven locations in Bangla­
desh by the Meteorology Department, only three stations, Jessore, 
Dacca and SyIhet could be compared initially with nearby seed 
farm data. The other seed rams for which adequate data existed, 
were located in 
areas for which not all the necessary weather data
 
are collected and 
For which data would need to 
be interpolated.
 
For these reasons, a first 
test of the methodology was made to fit
 
regression enuations 
so that these locations could be added a­
time permitted. Secondlv, because of- the large number of equations 
that were cenle::ated--a total 140 farmof seed equations and 140 
District equations--,-a! because of shortthe time available to 
create and test a w, ther-crop yield model building procedure,
 

23 It would be possible to aenerate regression equations for all seven crops and, in fact, this is the 
"next" modeling step
that should be taken. Our decision not to complete this step
was forced upon us by time constraints in generating the
prcper computer programs and in cTaininq access to the computer.

There seems 
to be a general tendency to badly underestimate

the time needed to carefully do proper computer analysis-­
and this was true in this project. Once the team analyzed

these equations, a determination could be made as 
to whether
 or not the mothodoloqy for creating the weather-crop yield
models was qoina to work. 
 We now feel that we 
can use this
 
methodology with some confidence in developing the remainder
of the yield equations necessary for a country-wide yield

model.
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only three stations were chosen 
- Jessere, Dacca and Sylhet ­
and only the Boro season 
crops were estimated. 
The rationale
 
for this is that the three districts are fairly distinct and had
 
good seed farm wata nearbv. 
The Born season was selected because
 
the wheat crop could be modelea along with Boro HYV and LV rice
 
crops. Thus, 15 equations were generated (two seed farm equations
 
were found to have 
too short a yield record to be significant).
 

Due to the short period available to develop procedures for
 
creating tauistical weather crop yield models for Bangladesh
 
rice and wheat yeilds, a statistical package - SPSS at the
 
Bangladesh Univc-sitv oF Engineering and Technology (BUET) was
 
used fo 
 The initial reqressions. 
 Weather data was obtained
 
from the B.angladesh Meteorology Department. 
Because solar radi­
ation is very important in modeling crop yields, stations that
 
recorded sunshine data a*ere selected for analysis. Consultation
 
with cfficials in the Meteoroloqical Department indicated only
 
seven 
stations have long series of collected sunshine data..
 
They use the Stokes-Campbell sunshine recorders. 
These stations
 
are: 
 Barisal, Dacca, Jessore, Sylhet, Chittagong, Cox's Bazar,
 
and Bogra. 
 Data for these stations was requested.
 

This weather data was totaled by weeks, and the weekly
 
averages or totals placed on single and double density diskettes.
 
Weekly intervals for weather data were selected over daily or
 
monthly time periods for several reasons: First, an analysis of
 
Bangladesh weather asin 
ten-day periods had shown a lack of sensi­
tivity to variations in plant photosynthetic production (van Keulen,
 
1980, p. 416). Secondly, daily data 
are not useful in this model
 
because of the time lag for obt ininq it, 
as well as the excessive
 
complexity for its 
use by local researchers. 
The data collected
 
and summarized was: 
 Weekly average maximum temperature (MXTP)

0F, weekly averaqe minimum temperature (MNTP),weekly total rain­
fall 
(PRCP) (mm), and weekly average sunshine (SUNSH) (hours).
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The data was entered on single diskettes in a format compat­
itle to the BUET computer. The data was 
then sorted by district,
 
data type and year using a SPSS program, combined with seed farm
 
yield data for six locations, and finally stored for future regress­
ion analysis on maqrnetic tapes. sortedThe data was stored on 
two tapes, one containino seed 
farm data and another one containing
 
district yield data.
 

The first step required creating an SPSS readable data file 
from the diskette data. This proved difficult because of both 
equipment incompatability ann i'PcS system constraints. The original
 
intent was to create a larcie 
 data file containing weathe, data 
for all eight locations, tociether with s;eed farm yield data, offic­
ial district 
 yields and crop cutting experiments. The SPSS program, 
however, would not allow this because of several SPSS package
 

constraints, so it 
 was decided to first analyze those stations
 
with all the data and then 
 attempt to reiform the data so that the 
additional stations c _uld be analyzed later. 

An SPSS program was written to read the weekly average weather
 
and final crop yield 
 data, compute weather variables such as solar 
radiation and evaporation for each week, and 
to regress the final
 
yields against these weather variables. A copy of that program 
is found in Appendix I Using the SPSS program, weather variables
 
for each week were then correlated with final 
rice yields. Stat­
istics of district-wide crop yields per hectare were obtained from
 
the B.B.S. statistical yearbook as well as 
the Bangladesh Yearbook
 
of Agriculture. This data was 
included with the weather data.
 

Because the SPSS program only allows consideration of 500
 
variables at a time For the Aman and Aus 
season crops, half the
 
weather variables were correlated agiainst a given final vield at
 
any one time. In 
reviewing the output of the correlations gener­
ated by SPSS, we chose those correlntions which were significant
 
at the 90% or greater probabijiity level for further analysis.

this procedure, variables were judcged important if their R2 was 

In 

statistically significant by reference to the probability level,
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if they had the correct coefficient sign and if they were grouped
 
together with other variables in a group of weeks that could be
 
related to some physiological process. Numerous isolated weeks
 
were found that were highly correlated to final yield, but they
 
were 
rejected for further statistical analysis. Because planting
 
of most rice crops vary by several weeks, based on the favorable
 
timing of rains or dry spe.!l, response of the yields to such
 
variables as 
solar radiation or deviation from optimum temperature
 
should be spread over several weeks in any given hiscorical data
 
series, and not "centered" on 
just one week. In additon, the
 
grain filling period of development is at least two weeks long,
 
so using this as 
a "rule of thumb", individual weeks of response
 
were omitted if they were not grouped together with other "signif­
icant" weeks.
 

When all the weather variables had been examined and selected
 
for further analysis, a step-wise remression procedure was used
 
to 
fit all the variables into a preliminary equation. 
In this
 
procedure, each variable is "adced" to the yield equation hdsed
 
on its corielation; 
the variable that is correlated "highest" is
 
entered first. By this method, a first crude yield model could be
 
created using all the selected variables together in 
a statistical
 
procedure that chose the "best" variables.
 

As each new variable was added to the yield equation, the 
"R2 " or "Coefficient of Determination" (CV), increased. Because 
the R2 is a measure of the percent of ;ariation that is "explained"

by the equation, it becomes one measure of the value of each addit­
ional weather variable. 
When several weather variables had been
 
added, the R2 became closer to the value of 1.0--or "perfect"
 
explanation. Because of the limitations of both the quality of
 
input data, as well 
as several purely statistical limitations,
 
some 
step prior to this was generally chosen as more appropriate
 
for L final yield model.
 

The next step involved in making this yielJ model operational
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for use as a forecasting tool required that the weather variables
 
in the final yield model be placed in an increasing time sequence
 
so that variables from later weeks were not required in 
Lhe
 
forecase before earlier weeks. 
 To reorder the variables and
 
produce a final yield model, they were again regressed against
 
the yields but their order of entry into the step-wise regress­
ion was controlled to 
insure they were in proper time sequence.
 
From this procedure, the "final" yield equations as 
presented in
 
this report were derived.
 

6.6 District and Seed Farm Equations
 

The weather-crop yield models created in this initial
 
research project are presented here. The "T" values for each
 
coefficient are shown below them, together with their level
 
of significance. Other statistics presented are 
the Durbin-

Watson and the Standard Error. 
 For comparison, both the seed
 
farm yield equations and the comparable district yield data
 
equations are 
shown. The following "glossary" is a guide to the
 
variable abbrevations used in the equations:
 

Numbers after Each Variable = 
Weeks of year starting

with January (MNTP ii 
- Minimum Temperature
 
Eleventh Week.)
 

MXTP = Weeklir Average Mayimum Temperature
 
MNTP = Weekly Average Minimum Temperature
 

PRCP = Weekly Average Rainfall (MM)
 
DEF = Moisture Deficit (Raiifril minus Evaporation)
 

NSOL = Net Solar Radiation
 

DURT = Diurnal Temperature Variation
 

SDVTP 
 Squared Deviation from Optimum Temperature
 
(24.5 C)
 

EQET = Equilibrium Evaporation
 

QXT = Interaction of Net Solar Radiation with
 
Deviation from Optimum Temperature
 

QXDU = Interaction of Net Solar Radiation with
 
Diurnal Temperature Variation.
 

IYEAR= Year (1960-1980)
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JESSORE YIELD 	EQUAT;ONS
 

1. Boro 	High Yielding Rice
 

A. District 1Yode
 

Y = 195-1 4 92-9.792121*IYEAR+0.6638*MNTP1lt0.2207 
2 (6.689##1) (2.3227###)N=12, DF=I0, R =0.8605, ADJ R =0.8326, Du.W. =1.52 ## 

B. 	Y = 5.271+I.3263*PRCP2-0.010646*QXDU4+0.19986*DEF7 
(0.8689) (0.9375) (1.5192#)
 

- 0.0169*QXDU4 - 0.3059*EQETl8-0.4526
 
(2.,0732##) 
 (0.7238)
 

N=10, DF=5, R2=0.7738, ADJ. R2= 0.5476 Du.W.=2.06 (##)
 
II. Boro 	Local Variety Rice
 

A. District Field Model
 

Y = 63.7694 -	3.1982*IYEAR ­ 0.04557*MNTPl0 0.07965
 
(5.1582###) 
 (3.7650###)
 

N=l1, R2=0.8999, ADJ. R2=0.8624, DUR.W. = 
2.15 ###
 

B. Seed Farm 	Model
 

Not Grown.
 

III. Wheat - All Varieties
 

A. District Model
 

Y = 0.78295 + 0.021689*FERT - C.021011*QXDU4 +
 
(3.9483###) (10.3278###)


+ 0.08325*MNTPl9-0.07885 
(2. 236##) 

N=5, R2=0.993, ADJ. R2 
= 0.966 DUR. 	W. = 
2.08###
 

= Significant @ 90% level
 
## = Significant @ 95% level 
 81
 
###= Significant @ 99% 
level
 

http:Du.W.=2.06


B. Seed Farm Model
 

Y = -102.41 + 0.05315*IYEAR + 0.00957*SDVTPI3
 
(2.4251##) 
 (1.5179#)
 

- 0.36779*EQETI8±0.2693
 
(2.5468#1t)
 

N=11, R2=0.701 0
ADJ. R2=0.58
 , DUR.W. = 1.6737##
 

DACCA YIELD EQUATIONS
 

I. Boro High Yielding Rice
 

A. Distzict Model
 

Y 
= -.9266 + 0.0677*MNTP2 
- 0.004856*QXDU2 
+ 0.01675*
 
(2.1792##) 
 (1.760#) (7.546###)
QXDU19 - 0.07046*PRCP22 
+ 0.1239*MNTP23 + 0.93543*
 

(6.4759###) 
 (2.832###) (5.527###)

DUMMY ± 0.125
 

N=13, R2=0.97i1, ADJ. R2=0.9463 
 DU.W. = 1.380
 

B. Seed Farm Model
 

Y = 6.2469 - 0.1634*MNTP5 
- 0.01068 *MXTPl2 
- 0.0531*DEFI4
 
(1.8687##) 
 (0.2345) 
 (0.8391)
 

+ 0.0725*DEFI6 4 0.06763*NSOLI7 
- 0.08205*PRCP22 ± 0.3943
 
(1.6625#) 
 (0.2345) 
 (2.451##)
 

N=2, R2=0.9174, ADJ. R2=0.6833, DU.W. 
= 1.9398
 
II. Boro Local Variety Rice
 

A. District Yield Model
 

Y = 1.72765 - 0.0019 7 4*FERT+0.04947*MNTP2 + 0.2277*PRCP6 
(2.712###) (3.6986###) (7.335###) 

- 0.05622*DURT8 - 0.0243 * PRCP 22 
± 0.05164
 
(6.2107###) 
 (7.005###)
 

N=14, R2=0.9312, ADJ. R2
= 0.893, DU. W. 
= 1.624
 

= Significant @ 90% level
 
##- Significant @ 95% level
 
###- Significant @ 99% level
 

82
 



B. Seed Farm Model
 

Y = -97.0520 + 0.05208*YEAR. - 0.15846*MNTP2 
(3.6311##) (3.1556###) 

-0.08512*MNTP5 - 0.338*NSOLI8 A 0.3316 
(1.9682#9) (2.250##) 

=
N=18, R2 0.7344, ADJ R2 = 0.6585 DU.W. = 1.269
 

III. Wheat - All Varieties
 

A. District Yield Model
 

Y = 0.06136 + 0.01967*FERT + 0.131170*NSOL9 ± 0.1145
 
(5.555###) (4.097###)
R2= 

N=6, R = 0.9213, ADJ. R 2 = 0.8820, D. W. = 1.743 

B. Seed Farm Model
 

No model - insufficient data.
 

SYLHET YIELD EQUATIONS
 

I. Boro High Yielding Rice
 

A. wistrict Data Model
 

Y = 1.53 - 0.1641*FERT + 0.1698*MNTP1 _ 0.3765
 
(3.7870###) (2.1578##)
 

N=11, R2 = 0.6717, ADJ. R 2 = 0.5987 DU. W. VI.A. 

B. Seed Farm Model
 

Y = -207.287 + 0.09699*YEAR + 0.5906 * MXTP1 + 

(1.7947##) (2.2627##) 
0.2327 'MNTP2 - 0.01952 ** QXDU13 ± 0.5201 
(1.2649) (2.9518###) 

N=11, R2=0.8218, ADJ. R2 = 0.7200, D.W. = N.A. 

# = Significant @ 90% level 
## = Significant @ 95% level 
### = Significant @ 99% level 
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II. Boro Local Variet
 

A. District Data Model
 

Y = 2.2367 - 0.1769*NSOL8 ­ 0.1236*NSOL9
 
(3.4418###) (2.3452##)
 

+ 0.04097*DEFll + 0.3957*EQETI7 ± 0.1337
 
(3.2529###) (4.417###)
 

N=16, R = 0.8014, ADJ. R = 0.7353 
 D.W. = 1.7785 ##
 

B. Seed Farm Data Mode.
 

Y 20.9448 + 0.003272*QXT4 - 0.02593*SDVTP6- 0.2279*DURTI0 
(2.632##) (3.2325###) (3.0048###) 

- 0.7892*MNTP14 ± 0.1414 
(5.5778###) 

N=7, R = 0.9822, ADJ. R = 0.9586, D. W. = /C7 

III. Wheat
 

A. District Data Model
 

Y = 0.7887 
- 0.02712*MXTP5 - 0.02563*MNTPI0 ± 0.0204
 
(4.6630###) (3.4401###)
 

R2
N=6 // = 0.9452, ADJ. R2 = 0.9178, DU. W. = 1.7368 /C-


B. Seed Farm Data Model
 

Y = 0.3765 - 0.0003898*DEFI + 0.0474*SD1,TPI2

(68.513###) (21.944###)
 

+ 	 0.007944*MNTPI8 ± 0.0039
 
(5.9954###)
 

N=4 B R 2= 0.9999, ADJ. R2 = 0.995 DU.W. = /C7 

= Significant @ 90% level 

## = Significant @ 95% level
 
### = Significant @ 99% level
 

/C = D. W. critical values are not given for such short series.
 

/B 7 = Note small N. Size.
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6.7 Analysis of Results
 

in respect to the loqical consistency of weather
 
variables in the final equations, the models derived for Bang­
ladesh local and high yielding variety (HYV and LV) seed farm
 
Boro and wheat yields were encouraging. Previous studies had
 
suggested solar radiation would be 
an important variable during
 
heading period, and this was 
the case. Tn almost all instances, 
the weather variables assumed the arithmetic sign (+ or -) that 
was consistent with agronomic theory. In addition, LV varieties
 
were modeled by the weather data better than were 
HYV of Boro
 
rice. This result is logical, because HYV receive more irri­
gation and fertilizer, and thus are 
less susceptible to weather
 
influences. 
 Al these results encourage the continual develop­
ment of 
a more detailed set of yield models for Bangladesh rice
 
and wheat crops. 
 The failure of these models to adequately model
 
some of the rice crops also points up the need fut renewed re­
search.
 

The yield models presented here can be used
 
imnediately for modeling or 
forecasting rice and wheat yield
 
per hectare, as well as a guide for further research. A com­
parison of the relative abilities of the seed farm data equa­
tions with the district yield data equa-ions shows that, in
 
genera), district yield models "fit" the data better than seed
 
farm data. To judge the relative effectiveness of the two methods,
 
a comparison should not be made between the R2s of the seed com­
pany data and the R2s of the district data models, because both
 
models were created by the 
step-wise regression procedure. Thus,
 
the R2s of the models were "subjective". For both models, the
 
R2s approach 1,000 as the number of variables increased signific­
antly. The procedure used to select which "step" to list as the
 
final yield model was somewhat arbitrary, and thus a direct comp­
arison of R2s between models is probably unjustified. More logical
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analysis and comparisons can be made of the final models by
 
examining the models' Standard Error of Estimate.
 

Table 6 shows the Standard Error of Estimate (S.E.E.)
 
for each of the yield equations. The S.E.E.'s are the standard­
ized residuals of an equation. They are a measure of the accuracy
 
of a model. They are the best available way of comparing two
 
models that seek to predict the same variable. In only one
 
case was the S.E.E. of the seed farm models less than the
 
District S.E.E.'s, and that occured for a model of doubtful
 
accuracy because of small data size. 
 This suggests that the
 
district yield models were qenerally more accurate than the seed
 

farm models.
 

TABLE 5
 

Comparison of S.E.E.'s
 

District Crop Seed Farm District 

Jessore BOROHY 0.4526 0.2207 
BOROLV --- 0.0796 
Wheat 0.2693 0.0788 

Dacca BOROHY 0.3943 0.125 
BOROLV 0.3316 0.05164 
Wheat 0.1145 

Sylhet BOROHY 0.5201 0.3765 
BOROLV 0.1414 0.1337 
Wheat 0.0039 0.0204 

Examination of Table 6 reveals another interesting
 
point. All the equations for BOROHY showed higher S.E.E.'s than
 
either BOROLV or wheat equations. Because HY varieties of BORO
 
are irrigated and require more inputs of fertilizer to respond,
 
variations in their yields would probably be less influenced by
 
weather conditions than either local varities of Boro rice or of
 
wheat. Thus, the variables selected for modeling BOROHY may
 
need to include more non-weather variables in the analysis.
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The yield models did furnish additional insight into
 
the operations of weather on rice vields. 
 Several equations

for the same crop but for different regions theshowed effect 
of common variables. For e:ample, both the Jessore and Sylhet 
district equations for 13OROIlY us(- almost the same variables.
 
In this case, weekly 
 average minimum temperatures for Week #11 
(MNTPll) were selected by both equations as being the most
 
useful variable. 
 An obvious conclusion .is that this must be
 
a critical period in the development oil IHYV lPoro, 
 because of
 
the hundreds of variables to choose from, the 
step-wise re­
gression procedure chose same
the variables for both the
 
regions. In addition, sort- oF
this result suggests that the
 
methodology chosen to these
create equations is probably 
sensitive to important yield forming Processes. 

6.8 Forecasting Yields per Acre 

The regression equations that were derived here 
can be used to predict future values of final grain yields.
 
These forecasts involve usinq lono-tet-m average weather values
 
for the weather vazriables i]. the yield equations. In order to
 
explain these procedures, example thean of local variety Boro
 
equation for Sylhet district will be used. 
 This equation is: 

Y = 2 .3 2 67-0.17699*NSOL8 
- 0.12361*NSOL9
 

+ 0.04097*DEF]l + 0.3957*EQETl7 + 0.1.337 

Where NSOL8 is net solar radiation for week 8,
DEF is moisture deficit for week 11, -tc. Prior to week 8, 
the earl i est: week I> r wh.ich there is a weather variable, the 
only information i-,, i 1,d1eiI o' i i nf- ) ,ields is the cons­
tant term. 
Using the mean values for each of the weather vari­
ables as given below, an estimate of the 
final yield is computed:
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Y = 2.3267 - 0.17699*(5.0107) - 0.12361*(5.8883) 

+ 0.04097*(-0.1615)+0.3957*(2.2507) + 0.1339, or
 

Y = 1.36449, which is the long-term average value of
 
BOROLV for Sylhet. The S.F.E. of the equation is +0.1337,
 
therefore, 67% of the true future yields will be between
 
1.36449+0.1339 or 1.49839 and 
1.36449-0.1339, or 1.2036 metric
 
tons per hectare.
 

The error term of any such 
forecast or prediction
 
is similar to the S.E.E. of the yield equation, but it contains
 
additional factors 
to account for variation in the other fore­
cast terms in the equation. 
For example, in this equation, the
 
Standard Error of Forecast (SoE.F.) is computed:
 

S.E.F.y = 2 2 2 2 2EY
2 

+ S.E.Y + S.E.bi+ S.Eb2 + SEb3 +SEb, 

Where S.E.y = the Standard Error (variance) of y, S.E.y = variance
 
of the mean of thee dependent variable, and S.E. 
 are the
 
Standard Errors of each of the regression variable coefficients.
 

As the season progresses, weather data can be inputed
 
to replace long-term mean values with actual in-season data. 
 With
 
each increasing weather variable being included in the forecast,
 
the forecast error term will be reduced, until when the last
 
weather variable is entered, the S.E.F. will equal the S.E.E.
 
Because of the repetitive nature of the calculations necessary,
 
a computer program containing all these values should be written
 
to calculate these values.
 

The S.E.F. can be used 
to evaluate the use of this
 
model in estimating future yields. 
 If the d6sired level of
 
accuracy of forecast is greater than any of the forecasts can achieve,
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the model will have limited value. For example, if only a 15%
 
error is desired from the 
true yield est'.mate, then a standard
 
error of .15 x 1.3645 = .2047 is all 
that should be accepted.
 
Successive weather variable data can 
be added to the equation
 
until the S.E.F. falls below the allowable "error" in the model.
 
If a model had 
a very low S.E.E., 
then few weather variables
 
would be needed to produce a forecast for a final crop yield
 
that was within some limited of accuracy.
 

Obviously, the only forecast that can be made prior
 
to any in-season weather data being 
available is the long-term
 
average yield or perhaps the mean plus a tilme value.trend Any 
further weather data estimates can help improve the forecast. 
For example, knowing that the soil is wet one week would help 
t- predict that a moisture stress variable the next week will
 
not have a big value. Many times weathec variables are highly
 
correlated to other weather phenomena that may provide clues
 
as to future values of weather data; weather in some parts of
 
the world is constant for several weeks. 
 Any of these types of
 
data will be useful in predicting yields.
 

The models developed here are designed to estimate
 
yield per unit area; as such, they 
are only part of a foodgrain
 
production estimation method. 
An estimate must be made of the
 
area under cultivation of each crop. 
 While the B.B.S. currently
 
arrives at an estimate of crop area 
based on field visits by
 
local officials, these estimates would probably not be a timely
 
nature for early estimates of current crop production.
 

Several methods exist for deriving acreage figures. 
 The
 
most accurate would be direct enumeration of sample areas.
 
Sample areas 
can be chosen by any of numerous methods based on
 
stratification by elevations, fielui size, 
etc. Area frame
 
sampling methods could be of use 
in this context. Econometric
 
models of crop acreage might also be employed.
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6.9 Suagested Additional Research and Development 

The results of this preliminary research suggest that
 
the methodology developed here 
can be useful in crop forecasting.
 
in order for the procedure developed here beto useful for the
 
Government of Bangladesh, 
 additional research arid development­
will be necessary.
 

Obviously, the first step is to e-:tend the methodology
presented here to other Districts in Dan-i 1.adesh and to other crops.
First, the weather data for each of the 20 Bangladesh districts
 
must be acquired, totaled by woks, 
 summarized and formatted
 
for use in statistical analysis. Coitparahle final yield d.ata
 
imust also be acquired. because 1jot all weather stations in
 
Bangladesh 
 record all the weather data necessary to create the
 
weather-crop 
 yield models, methods must be used to interpolate
 
the missing weather 
 data olt to the districts where it is riot
 
recorded. As hours 
 of sunshine wll be unavailable in niany

locations, it be
must interpolated to these districts. Suggested

methods of interpolation are trend-surface analysis reciprocal
or 

distance squared methods.
 

Second, when -ufficient numbe::-s of final yield.

equations have been generated, these district models should be
 
compared with each other to determine if some neighboring
districts can be g7oupeJ together in t-2rms of larger area yield
 
models. Statistical met:hods 
 using D.strict "dunmy" variables 
can be used to te*t whether the district models should be 
aggregated into larger 
area models.
 

Thiru. regressions would be much more accurate if 
the weathei variable wer 
 keyed co the devclopment stages of the
 
rice and wheat crops. One method for doing this would be 
to
 
number the variables by the weeks of 
a plant's lile, i.e., 
weeks
 
after planting, emergency or" transpla.nting. 
 Thus, the variable
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MNTPl1 that was found important in both Jessore and Sylhet
 
DSROHY equations might better beMNTPI5 or 
16, based on the
 
planting date of the Boro season. 
Because each year planting
 
dates change several weeks due to changes in the start or
 
ending of rainfall, a procedure that nameI variables by their
 
time after planting should reduce the variability of the weather
 
input numbers. 
 This, in turn, should improve the yield model's
 
accuracy and predictive ability.
 

Fourth, one of the most beneficial sets of data
 
which could be collected would be in-season crop stage develop­
ment data. As mentioned earlier, crop growth and crop-stage
 
development are 
two closely related processes. As is often
 
the case in regression modeling, numerous in-season measure­
ments of weather are used to estimate one final grain yield.
 
From a statistical standpoint, it would be much better if
 
there were also several in-seaso:, measures of the crop's develop­
ment and growth. 
 For example, if knowledge were available as to
 
stand density or the average flowering date, then more accurate
 
statistical yield models could be developed. 
The logical lo­
cation for such sampling would be in the Bangladesh Bureau of
 
Statistics. 
 An ongoing program at B.R.R.I. at Joydepur and
 
other locations would cost very little, but over the years
 
would be very valuable in crop modeling as well as 
crop physio­
logical research.
 

Finally, in order for the weather-crop yield equations
 
to be useful in forecasting food production, data must be avail­
able to input into the equations at appropriate times and in the
 
proper form. 
Weekly weather data must be gathered for the
 
regions for which the models are to be used. Long-term averages 
and standlard d viations of this and other input data must be 
made available. Many of these data arc available from the Bang­
ladesh Meteorology Department and others can readily be generated
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from the existing lata series. 
 All this data must be collected
 
and processed together at some 
central location in order that the
 
final yield forecasts can be made available for use by the
 
appropriate agencies. 
 This central location will need excellent
 
communication with the Meteorology Department as well 
as the
 
Bureau of Statistics. 
 This may well be an appropriate task for
 

the Food & Planning and Monitoring Unit.
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7.0 THE FOOD PLANNING & MONITORING UNIT (FPMU?4
 

7.1 Description and Organization
 

The Food Planning and Monitoring Unit (FPMU) was
 

set up by the government as a result of commodity agreements
 

(since the 1978 commodity agreement) with the United States
 

and recomenendations made by a World Bank Mission on Food Policy
 

visiting the country in September, 1979. In view of the
 

deteriorating food situation in The mid-seventies, it was
 

thought essential to develop a special unit to advise the
 

highest levels of the government continuously on food produc­

tion and consumpticn trends. If emergencies are foreseen,
 

the government can tEke action to ensure an adequate food
 

supply throughout the country and reduce the suffering of
 

the population due to food shortages and excessive prices of
 

basic foodgrains. The present project was undertaken to
 

strengnlen the capability of the FPMU to provide an early
 

warning of impending food shortages by providing an additional
 

tool to estimate the prospects of a current cropping season
 

at an early date.
 

The FPMU is part of the Economics Division of the 

Planning Commission. The Plannin, Commission consists of six 

members
25and is actually headed by the President of the Re­

public . The six members represent a total of eleven (11) Divi­

sions, one of which is the Economic Division. There is also an 

Agriculture Division and a Water Resources Division. The 	FPMU is
 

Also more 
recently designated as 
the Food and Fertilizer
 
Planning and Monitoring Secretariat". However, FPMU seems
 
preferred by many people and is 
used in this report.
 

25 	 Although some changes occurred in the government of Bang­
ladesh after the team's departure, it is assumed that this
 
basic structure would not change much.
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divided into three sections: 1) Fertilizer, 2) Food, and
 
3) Economics. The FPMU became operational in mid-1980, and
 
is designed to have a staff of 1.1 professional employees. At
 
the present time (March, 1982) it actually has 8 professional
 
employees, including two Acting Section Chiefs 
(the position
 
of Section Chief for the economics section is vacant). Its
 
staff includes four agriculturalists, two economists, and one
 
geographer along with ten general employee support staff.
 

At the present time, no one has been nominated to
 
lead the FPMU. Its sections report directly to the Director
 
of the Economics Division of the Planning Commission who
 
supervises eight sections, including 25 professionals.
 

7.2 The Early Warning Function of FPMU
 

The purpose of the Early Warning Funct[1on of the
 
FPMU is to provide the highest authorities of the government
 

of Bangladesh with an estimate of foodgrain production for
 
current cropping seasons as accurately and as early as possible
 

during the cropping season.
 

To accomplish this task, the FPMU needs sufficient
 
authority to cut through the bure aucracy and secure the
 
information needed to make crop estimates. 
 It cannot wait
 

until meterorological data and crop area estimates 
are avail­
able through the channels now employed. It will need special
 
arrangements with several other government agencies and services,
 
discussed below, to establish channels 
to obtain the needed infor­

mation on a timely basis.
 

The crop forecasting model is based on weekly data.
 
Therefore, if weekly forecasts are 
to be made, the needed data
 
must be secured weekly. The sooner they are available, the more
 
ueful will be the information. Actually, analysis of the data
 
has shown that there 
are certain weeks or "stages" in the development
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of each crop. These weeks are approximately reflected in the
 
equations presented in this report. 
 At these points during the
 
cropping season, a computer analysis should be made to predict
 
future yields. 
Weekly runs would not be very helpful because of
 
phenomena known as "growth lag" and 
the excessive number of
 
runs this would entail. However, it might be easier to request
 
routine delivery of weekly weather data than only those for
 
specified weeks.
 

Data on areas planted and actually harvested each
 
cropping season will also have to be collected. Allowances
 
will have to bo made for any natural disasters such as storms,
 
floods, insect pest or plant diseases. While these phenomena
 
may only be local or regional, they are likely to affect overall
 
production figures.
 

In order to fulfill these tasks, the FPMU will have
 
to assign sufficient personnel to this work. 
They will have
 
to 
follow up whatever interagency agreements are made. 
Team
 
observations suggest that simple written requests or 
agreements
 
will not be sufficient to produce the required information on
 
a timely basis.
 

The team believes that the FPMU needs three full-time
 
professional officers to the task of the Early Warning Service.
 
Furthermore, the appointment of an 
official director of the
 
unit strengthen the FPMU in its relations with other government
 
departments. 
This would also reduce the workload carried by the
 
head of the Economics Division of the Planning Commission. In
 
addition, it would be useful for the FPMU to be assisted for
 
the FPMU to be assisted for at least one year by 
an expatriate
 
specialist, in order to 
initiate Early Warning Service operations.
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This expatriate should be well-versed in crop models, computer
 
operations and statistics. 
 He should also have an understanding
 
of agriculture. The presence of an 
expatriate often helps local
 
government units 
to obtain the cooperation of other governmental
 
departments and to function smoothly, both for technical and
 
psyrhological reasons. 
 Bangladesh 
seems to be no exception.
 

7.3 Tentative Program for Cro? Forecasting in the FPMU
 

7.3.1 	 Determination of Areas in Foodgrains in
 
Bangladesh
 

This project has developed a methodology for
 
building a model to account for various factors which will affect
 
crop yield in Bangladesh, and therefore, provide 
an early indi­
cations of the anticipated foodgrain production per unit area.
 
In order for the government to be able to estimate the foodgrain
 
production in each cropping season, two numbers are needed:
 
the anticipated production per unit area or hectare and the
 
area of foodgrains (rice and wheat) actually planted and har­
vested 	in a given cropping season. 
To arrive at the estimated
 
total area devoted to 
the ciop in a given cropping season, two
 
primary methods 
are available to the government. The first one
 
is the traditional statistical method using agents in the field
 
who collect and compile information for the decision-makers in
 
government. The limitations and shortfalls of the present method
 
under local conditions have been investigated by both national
 
and foreign specialists and have been discussed throughout this
 

report.
 

The second method for determining areas
 
planted in foodgrains will be available shortly through the
 
application of remote sensing methods carried out by SPARRSO's
 
(Bangladesh Space Research and Remote Sensing Organization)
 
Agro Climatic/Environmental Monitoring Project. 
A brief des­
cription of equipment available to SPARRSO and some of its data
 
collection ability is given in Appendix No. C.
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To determine different crop areas SPARRSO
26
 
can secure Landsat imagery. While SPARRSO, 
 for the moment
 
at least, has no receiving equipment for Landsat imagery, it is
 
installing equipment to analyze these data, and it will be able
 
to buy the computer tape or imagery from the U.S., 
India and
 
Thailand. The present Landsat data have a 60 
x 80 m (.49 ha)
 
resolution (some claim only an 
80 x 80 m resolution, i.e.,
 
.64 ha). 27 
While this resolution is quite satisfactory in countries
 
like the United States where rather large uniform areas of a given
 
crop exist, it is not sufficient for 
a country like Bangladesh,
 
where fields are extremely small and a great change in crop eco­
logical conditions takes place within a very small area. 
The
 
Landsat-D satellite, scheduled for the first half of 1982, will
 
have 	a resolution of 30 m
x 30 (this is 900 sq. meters or less
 
than 1/10 of a hectare, or less than 1/4 acre). SPARRSO is
 
currently determining spectral crop signatures in anticipation
 
of the data available from Landsat-D, Past experience with Landsat
 
indicates that it is 
impossible to distinguish bodies of water
 
from land covered by water where B. Aman rice might be grown.
 

In addition to the Landsat analyzing equipment,
 
SPARRSO is scheduled to receive a complete "Spot" (French satel­
lite) ground station. It is claimed that Spot will have 
a 10 x 10 m
 
(i.e., 1/100 ha or 1/40 acre) resolution, it may be well adapted for
 
crop area determination in Bangladesh. 
 Launching of this satellite
 
is anticipated for late 1982 or 
1983. 
 In general, these satellites
 
have an area mapping capability which will be most efficient in the
 
Boro rice cropping season, (i.e., 
the dry winter season when rice
 
and some wheat are 
grown under controlled irrigation). In other
 
periods, especially during monsoons 
(i.e., the Aman cropping season,
 

26 
 This section based on interviews with Dr. W. U. Chaudhury,

Director, Science and Technology, and Dr. W.A.H. Pramanik,

Director, Fabian Polcyn, ERIM.
 

27 	 One picture element, called a "Pixel" integrates data over a

60 x 80 m area, covering approximately 1.1 acreas or .49 
hectares.
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there will be considerable cloud cover, eliminating useful
 

Landsat or Spot imagery), cloud cover is very heavy, almost
 
continuous from the middle of June to the middle of September,
 
thus making it difficult for the satellite to take useful pictures.
 

Also, Landsat produces only one image
 
every 18 days. While Spot will have the capability to produce
 
images from the 5th to 26th days, thus having a better chance
 

of producing useful pictures on cloud-free days, that capabi­

lity is likely to be expensive.
 

SPARRSO has no Landsat ground station so far,
 

only analytical equipment, and must buy images from India, the
 

U.S., or Thailand. However, this involves a time delay of at
 
least 2 months, which would be unacceptable for an early warning
 
system. 
 During a recent Aran rice harvest at the end of November,
 

excellent pictures were produced, but there was a two-year delay
 
obtaining them. With a ground receiving station in Bangladesh,
 
no such delay would be involved. SPARRSO has plans to receive a
 
compLe:e ground receiving station for SPOT imagery. As a supple­
ment to satellite imaclery in obtaining area estimates, SPARRSO
 

suggests the use of aerial photography for areas where infor­
mation is needed. SPARRSO possesses plenty of technical man­

power to analyze aerial photography (at least in their own opinion)
 
and sufficient equipment. Planes and cameras are available from
 

the Bangladesh Air Force. Cost for an aircraft for photographs
 
is about 2,500 Tk/Hour, and the northern region of Bangladesh
 

could be covered in about 2 hours. SPARRSO has discussed this
 
possibility with the air force who seems interested and willing
 

to cooperate. This is somewhat at variance with the experience
 

of other people in Bangladesh, who have a problem gaining access
 
to existing air photos because of military restrictions.
 

Also, part of SPARRSO's plans includes the location
 

of data collection platforms (DCP). These will record 6 standard
 
environmental parameters and can be expanded to 
report 10 parameters.
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The platforms will broadcast their data via satellite directly to
 
Dacca, providing SPARRSO with an 
instant and continuous data flow.
 
Twenty-two of these platforms will be in Bangladesh and 4 will be
 
placed in neighboring countries to provide data over a wider area.
 

At the same time, SPARRSO, with technical assis­
tance from the Environmental Research Institute of Michigan (ERIM)
 
has started a comprehnnsive program of training and research to
 
identify land-use areas with Landsat imagery. The initial Ptep is
 
the identification of Boro crops, first by properly identifying rice,
 
and secondly by separation of wheat and other crops. Their program
 
uses, among other things, 1:250,000 color composites, false color
 
composites, and 1:1,000,000 black-and-white Landsat imagery for
 
overall orientation. The whole program will be backed up by exten­
sive ground truth investigations and by a new series of 1:50,000
 
aerial photographs. The aerial photography program 28 was started
 
in February 1982 and is only partially completed. It has been
 
suspended until next year's dry season, when the remainder of the
 
country will be photographed.
 

The technical advisor feels that even without
 
imagery from the new Landsat-D and Spot satellites, it will be
 
possible by the establishment of a correct cropping calendar,
 
and sufficient ground truth investigations (about 1% of the area)
 
to identify and measure properly the different areas planted in
 
Aus, Aman, and Boro rice and other crops. If so, this will be
 
a great step forward in arriving at more reliable acreage data,
 
and it will serve as a cross-check on acreage estimates made by
 
the B.B.S. or the Ministry of Agriculture.
 

If SPARRSO's promise is fulfilled, the FPMU
 
would have the second ingredient needed in conjunction with yield
 
per unit area model for determining rice production for Bangladesh
 

28 These aerial photos are not 
taken by the air force, but by
 
a commercial organization under a Canadian financed program.

It could not be determined who is actually taking these photos.
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and its administrative subdivisions. 
The SPARRSO program will
 

proceed on a "Thana" by "Thana" basis, which would cive district
 

totals and a national total of areas in the difforent crops. 

While people connected with SPAI<RSO are very 
confident that the available imagery can provide the needed crop 
area data, some skepticism remains regarding how effective this 
system will be in Bangladesh. Only practical application will 
show how useful the system is. In view of the limited reliability 
of crop area data obtained by other means, it is hoped that it will 

function well in spite of Bangladesh's small land holdings and 

great diversity within very small areas. 

In view of the apparent insufficiency of both 
approaches to area determination (i.e., the present method of 
the B.B.S. and satellite imagery) it may be necessary to initiate 
a special pLoject to determine the actual areas planted in food­
grains during the ii fferent cropping seasons. The fastest, most 
ac-urate and perhaps most cost-effective way of arriving at exact 
acreage figures would be through low-level aerial photography 

done in conjunction with area frame samiling. 

In order for the FPMU to obtain data from the 
field and to make proper use of a weather-crop-yield model, the 
FPMU will have to make a nuamiber of inter-agency arrangements within 

the Government of Bangladesh. While some of the type of data, 
their quality, and the agencies involved are discussed in the body
 

of the report, they are summarized here:
 

7.3.2 B.B.S. 

The B.B.S. provides the widest coverage of crop 
area determination and crop yield estimates in Bangladesh. If the 
B.B.S. follows through on its own plans, the quality of their data
 
(the estimates for completion of the plans for complete retraining 

of personnel and extending its improved system country-wide vary 
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from 1982 to 
1985) should improve substantially in the near future.
 
The main problem in using their data for 
an early warning system,
 
then, will be that their agents only visit their field sampling
 
clusters once every two months. 
 Furthermore, it takes their data 
too long to move through the bureaucracy before it is ready for 
use by outsiders. The FPMU will have to explore the possibility
 
of B.B.S. agents visiting their sample clusters more frequently,
 
especially as each growing season progresses, and of providing tie
 
FPMU with area and yield data more rapidly, without waiting for its
 
formal review and presentation.
 

7.3.3 Meteorological Stations 

The yield model developed under this project 
uses as principal variables the following meteorological obser­
vations: Rainfall, temperatu'e, evaporation, and solar radi­
ation. 
 The latter two have been estimated from hours of bright
 
sunshine and average temperature. These parameters are con­
sidered critical for rice production in Bangladesh. There are
 
other variables which theoretically be used if the data were
 
readily available. For example, relative humidity and wind
 
speed and direction could be used to model plant respiration,
 
evaporation, sunlight penetration, carbon dioxide uptake and
 
other plant processes.
 

There are over 300 observation points in the
 
country recording meteorological data, some belonging to 
the
 
Meteorological Service and 
some to the Water Development Board.
 
Unfortunately, the overwhelming majority record only rainfall.
 
There are 
seven stations which have Stokes-Campbell sunshine
 
recorders that record hours of bright sunshine, a reading which
 
can be converted into solar radiation. The stations recording
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hours of bright sunshine are at Bogra, Sylhet, Dacca, Jessore,
 
Chittagong and Cox's Bazar. 
 Bazar, however, is not a rice or
 
wheat producing area. In addition to these stations under the
 
direction of the Meteorological Service, there are 
two more
 
climatological stations, taking readings -of "hours of bright 
sunshine", which are located at the Hydrology Training Stations 
of the Water Development Board, 
one near Dacca and the other in
 
the district of Kushtia. 
They have been taking readings for
 
10-20 years. However, these data have never been processed
 
and are in raw form. Therefore, because of the time involved
 
in processing their data 
(at least 3 months according to WDB),
 
it was not possible to use them. 
 For this reason, only the
 
above-named districts were selected 
to develop a modeling method­
ology by calibrating it against yield data provided by the
 
official statistics and, where possible, against yield data of
 
nearby seed multiplication farms belonging to 
the B.A.D.C.
 
Pabna was selected as a seventh district, and the hours of
 
bright sunshine for the Ishurdi Meteorological Station were
 
estimated by interpolation from the stations located at Bogra,
 

Dacca and Jessore.
 

Unfortunately, the stations selected give
 
an incomplete coverage of the country. is,
It therefore, of
 
importance that the meteorological service extends its data
 
collection activity to include "hours of bright sunshine" or
 
solar radiation and to extend such activity to additional
 
stations. Eventually, it would be possible to 
develop additional
 
models which are more area specific for other parts of the country.
 
This should include stations in the district of Dinajpur,
 
Rajshahi, Kushtia-29,Mymensingh, Khulna and Comilla. 
 It would be
 
best if there were at least one complete station in every 
one
 
of the country's 21 districts.
 

29 Here it may be possible to use the data recorded by WDB.
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7.3.4 Extension Service
 

The extension service has its central offices
 
in the Ministry of Agriculture in Dacca. There are 
21 district
 
offices and some four-hundred Thana offices. 
Approximately 400
 
university-trained extension officers and about 450 agricultural
 
officers work in the Thana offices. The agricultural officers
 
have been promoted from the more than 6,000 extension workers
 
located at "Unions" (several villages). Union level workers
 
generally have finished secondary school and have a diploma in
 
agriculture after attending a tvo-ye:.a 
 agricultural school. Each
 
union has, on 
the average, 10,000 farm families. The extension
 
service aims to have at least one worker for each 1,000 farm
 

families.
 

The extension workers at the Union and "Thana"
 
level report expected crop production data back to the main office
 
in Dacca. Those forecasts are taken three times during each
 

cropping season:
 

1) At seeding time: A preliminary estimate
 

of the area seeded is made.
 

2) At. flowering time: A more definite area
 
estimate is reported and a preliminary yield
 

estimate is given.
 

3) After completion of harvest: A yield estim­
ate is made and the harvested acreage is re­
ported.
 

Yield estimates are based on 
sample crop cuttings, which are
 
separately reported for HYV and local varieties for each Union
 

and Thana.
 

30 Interview with F. Rahman, Addl. Dir. Agr. (Exclusion).
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The crop cutting procedure for yield estimates
 
is as follows: the extension worker makes an eye selection of
 
a good rice stand, an average one, and a poor one. 
 In each of
 
these stands a measured area is 
cut and its yield determined.
 
The results are averaged and this average figure is reported
 
back 
to the main office as the estimated yield for the respec­
tive Unions or Thanas.
 

The extension service would greatly improve
 
its sampling system, statistically speaking, if instead of an
 
eye selection of yields of different quality, it selected
 
sampling areas strictly on a "random" basis. 
This could be
 
done by several common statistical procedures to locate the
 
fields selected for sampling. If major differences like soils
 
or topographic areas 
are known in the Union, the Union area
 
should be stratified accordingly and each one should be sampled
 
separately by the same method, and, of course, saparate sampling
 
for HYV and LV should continue. This procedure would have to be
 
repeated each year. To get 
a valid production estimate for each
 
Union, the 
area for each variety or other sampling classification
 
would have to be determined. Area and yield estimates, of course,
 
should be made as 
exactly and honestly as possible. Bias intro­
duced by political considerations have no place in such an estimate
 
if it is to be useful for honest decision-making purposes. 
 Unfor­
tunately, according to many informants, such biases have been part
 
and parz el of the estimates from any Unions, Thanas or Districts
 
in the past. 
It is beyond the scope of this report to suggest any
 
remedies for such a problem.
 

7.3.5 The Water Development Board 31
 

The division responsible for surface water collects
 
numerous readings: Water level readings are taken either with auto­
matic gauges giving constant reading, or manually, in which case
 
readings are supposed to bc 
taken five times daily. River flow is
 

Based on interviews with Abdul Martin, Director of Surface
 
Water Hydrology, WDB.
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also measured, and in tidal areas, the daily high and low water
 
mark is measured. The discharge of the major rivers is deter­
mined weekly in the monsoon season, and bi-weekly the rest of
 
the year. Small river's discharge is measured bi-weekly during
 
the monsoon s,_ason, and monthly during the remainder of the year.
 
In addition, sediment loads in 
rivers are determined and salinity
 
intrusions in the coastal 
areas are determined. 
The WDB main­
tains 275 observation posts for rainfall data of which 30 
also
 
determine evaporation data. They have two climatological sta­
tions at their hydrology training centers, one of which is near 
Dacca and the other one in KushtLa. These stations also take 
readings on hours of bright sunshine. Daily data are maintained
 
on 
index cards, which have only recently been processed. How­
ever, the WDB is 
getting a small computer (Radio Shack) and once
 
installed, these data w4ll be computerized.
 

The ground water section of the WDB maintains
 
data on ground water quality, quantity, and aquifer characteris­
tics. The Engineering Department of the WDB makes damage reports,
 
whenever flcods occur.
 

No detailed studies of flood frequency, the
 
relation of river levels to areas 
flooded, and effects of flood
 
levels 
on rice production have ever been undertaken.
 

7.3.6 
Plant Protection Service (Directorate of
 
Plant Protection) 32
 

The Plant Protection Service consists of the
 
central office, 4 "Divisional" offices, 21 "District" offices,
 
and 415 "Thana" offices 
(there are none in urban "Thanas"); its
 
principal officers are 
a Director, one Additional Director (Sub-

Director), and 5 Deputy Directors.
 

32 Based on interview with D. U. Khan, Director
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There are 5 Divisions in the service:
 

1. 	 Pesticide Administration: Concerned mainly
 

with quality control and licensing of pesti­

cides.
 

2. 	 Operations: For field control of epidemic
 

pests by ground and aerial applications.
 

The division used to have 12 propeller
 

planes, but due to high octane fuel
 

costs is now down to 5 turbo-prop planes
 

using jet aviation fuel.
 

3. 	 Vertebrates: Mostly for rodent control
 

and similar pests.
 

4. 	 Surveillance: This division is charged
 

with pest forecasting and 2arly warnings
 

of impending pest outbreaks. It also in­

cludes a Pests Museum, a Herbarium, and a
 

national diagnostic service for wced iden­

tification.
 

5. 	 Plant Quarantine: This includes control
 

of pests in stored grains. There are 7
 

plant quarantine stations: 
 2 in airports,
 

2 in sea ports, and 3 on the Indian border.
 

The operations division at one 
time tried to
 
control pests in farmer fields, but is now available only for
 
controllina outhreaks on 
a major scaje. Since 1979, iesticidet
 
dist2>,ution and sales is fully conitrolled by the private sector,
 
and 	the service only maintains pesticide trials and demonstrations.
 

Surveillance is done by designating a surveil­
lance block of about 
100 acres (40 ha) in each "Thana", where the
 
service operates, not too far from the "Thana" office. 
This
 
area is checked at regular intervals for the appearance and build
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up of pests and this information is relayed to the central office
 
by telegram. This system was started 7-8 months ago. While the
 
service recognizes that a "Thana-wide" sampling would be more
 
desirable and would yield more timely information, they have
 
settled on this system as 
they lack transportation for the 3-4
 
service officials in each "Thana". 
At present, "Thana" officials
 
of the Plant Protection service have 
to rely on extension service
 
officials for "Thana" wide surveillance. It appears that some thought
 
has to be given to combining these two services into a single
 
service. Quantitative measurements of pest damage are attempted
 
by crop cutting comparisons of affected and non-affected stands.
 

According to officials, no records are available
 
on dates, types, and severity of past pest infestations. However,
 
it is planned that exact records will be kept in the future. 
 The
 
pest surveillance and monitoring research unit discussed below
 
plans to coordinate these records.
 

Maintenance of exact records of the dates of
 
infestations, their type, 
ana the damage they produce would be
 
of great importance for a crop forecasting and early warning ser­
vice, because after detailed records 
are kept for a number of years,
 
the correlation of some of these pests with climatic data and crop
 
yields may be possible.
 

7.3.7 Pest Surveillance and Monitoring 33
 

A Pest Surveillance and Monitoring Reseaxh
 
Unit is being placed into operation in Bangladesh. Such a unit
 
is of great significance to the country as pre-harvest losses by
 
insects are estimated to 
be 10-15% of the principal crops. No
 
estimate of losses from diseases is available, and project docu­
ments reveal an emphasis on entomological study and control measures.
 

B.A.R.C. Document, 1979
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The unit is to consist of 17 field stations
 
managed by a pest monitoring officer and 
one assistant. Head­

quarters is 
to consist of two senior entomologists, one plant
 
pathologist along with 
a statistician, and 
a computer programmer
 

with support staff. Unfortunately, only one field station has
 
been established due 
to budgetary constraints.
 

There seems 
to be no prospect of additional
 
funds in the near future. The unit is concerned with pests
 

country-wide. Those recognized as 
important for rice are
 

listed below:
 

Insects: 
 Diseases:
 

Stem borer, Gall Midge 
 Bacterial leaf blight
 

Ear Cutting caterpillar,
 
Thrips 
 Leaf streak
 

Brown plant hopper, Leafroller Sheat blight
 

Rice hispa 
 Tungro
 

Green leaf hopper
 

In the case of wheat, the main insect pest is
 
stem borer and the principal disease is 
rust.
 

The PSMRU, as envisioned, is principally a
 
unit to recognize the existence of pests, diagnose their expected
 
life cycle and to devise and propagate counter-measures of appro­

priate pest control.
 

There is no reason why this unit could not
 
expand its function to estimate the impact of pest damage on yield
 
of food grains. This information could then be sent to the Food
 
Planning and Monitoring Unit of 
the Planning Commission. In this
 
way, 
the latter unit could include such data in their crop-yield
 

forecasts.
 

108
 



7.3.8 The Department of Soil Survey 34
 

For most crops, soil moisture is one of the
 
principal limiting factors on yield. 
 If irrigation is available,
 
this factor can be controlled. Almost all major crops, except
 
rice, will grow best if soil moisture is at 
or near field carja­
city as the soil water is most easily available to the plant and
 
the soil is well aerated. 
 Soil moisture depletion is a good
 
indicator of probable development and yield of a crop. 
 Rice is
 
different from most 
crops, as 
it will grow well on a water­
saturated soil, 
or even in water, provided its growing point is
 
not submerged for more 
than a few days.
 

Because the rooting depth of rice is rather
 
shallow, i.e., about 1.5 
cm, water stress in the plant develops
 
quickly (Robertson, 1975). 
 Daily evapotranspira':ion averages
 
about 4.0 mm/day during the rainy season, when skies are frequent­
ly cloudy, and about 
5.5 mm in the dry season, when skies 
are
 
clear and solar radiation is greater (Robertson, 1975). 
 Rice
 
will not produc2 a profitable crop on 
stored soil moisture
 
(capillary water) or infrequent rains as will wheat and other
 
cereals (Robertson 1975).
 

In view of the limitations on rice growth,

soil moisture data for the 
top 15 
cm of soil should be reported
 
on a weekly basis, and rapidly transmitted.
 

The Department of So i Survey of the Ministry
 
of Agriculture and Forests has 
some historic data on soil moisture
 
which were taken at random. So far, no efforts have been made to
 
ta;! soil moisture data systematically on a current basis,
 
although soil survey has considered doing They suggest setting
so. 

up a total of 36 observation stations on 
15 geomorphologically de­
fined regions of the country.
 

34 Based on interview with Dr. M. Hug, Director, and
 
S. M. Saheed,
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The model prese-ited in this report does not
 
consider soil moisture. A futur(2 more sophisticated model might
 
well include this parameter provided, of course, that such data
 
are accumulated in 
the future. It would be especially useful
 
for a future yield forecasting model for 
a crop like wheat
 
which relies, in Bangladesh, on stored soil moisture.
 

7.3.9 Other Data
 

The FPMU needs additional information on ferti­
lizer use, pesticide use, seed distribution and existing irri­
gation facilities 
to gain a better assessment of actual and
 
potential foodgrain production. 
 There seem two major avenues
 
open for the FPUM to obtain this information. The first would be
 
through the facilities and the cooperation of the Agricultural
 
Statistics Wing, B.B.S., 
who could use their personnel and their
 
clusters 
to obtain this additional information. Actually, the
 
forms of the B.B.S., which are to be filled in by the agents
 
carrying out crop cutting trials include questions such as:
 
a) type and source of seed, b) irrigated or not, c) insecticides
 
used or not, and d) fertilizer used or not. 
 If the answer is
 
"yes", space is provided to detail type, quantity and price paid
 
for fertilizer and pesticides.
 

In addition, the B.B.S. has 
a "Post Harvest
 
Verification Form" for the crop cutting trials, which again asks
 
the same questions. 
Both forms are shown in Appendix G.
 
If any additional information is needed, it should not be too
 
difficult to add a few questions like "tyie and capacity of irri­
gation", or 
"type of pests and effectivel.2ss of pest control
 
measures", etc. 
 The other possibility the FPMU has in case the
 
B.B.S. is unable to cooperate, is 
to hire local consultants
 
to organize field teams using similar forms for their field
 
investigations.
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8.C SUMMARY AND RECOMMENDATIONS
 

Bangladesh is 
a thickly populated agricultural country, which,
 
in spite of its farmer's obvious capability, often suffers seirere
 
shortfalls in foodgrain prc action. 
 For this reason, it is of the
 
utmost importance that highest government authorities have an estimate
 
of cuLrent production as early and as accurately as possible to
 
prevent unnecessary suffering by the population, especially in the
 
marginal income brackets.
 

Investigation shows that much available data has been inaccurate
 
and 	insufficient. 
 Some of the problems with data revelant to food­
grain production in Bangladesh are discussed in this report, and a
 
proqram for an 
"Early Warning Crop Forecasting" system is outlined,
 
which includes a climatic crop yield forecasting model as a new and
 
additional tool 
for 	projecting current crop production estimates at
 
an early date.
 

This model has been worked out for crop production estimates
 
of HYV and LV separately for Boro Wheat, HYV rice and LV rice crops
 
for 	three districts: Jessore, Dacca and Sylhet. 
 It has little
 
relevance for B. Aman, more properly called deep water rice, which
 
is 
a distinct crop with different critical parameters. The next
 
modeling stage would qenerate model estimates for Aus and Aman crops
 
and 	extend these models countrywide.
 

In addition to the employment of the model, all possible
 
efforts will have to be made to 
improve the data base and to 
secure
 
data in a rapid way to 
arrive at a more accurate and timely estimate
 
of current foodgrain production. it is not anticipated that the
 
situation will change very rapidly. 
 A sustained effort over a
 
number of yearF will be required to improve the situation. Some
 
of the elements important in this effort, are:
 

1) 	a capability to manage intragovernmental arrangements for
 
obtaining needed information on a timely basis needs to be
 
developed. With sufficient staffing and authority, the
 
FPMJ could probably serve as a coordinating acency;
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2) occasional first-hand field inspections and monitoring
 
of all government data collection entities is necessary.
 
The FPMU, with sufficient funds and transport capabilities
 
could probably perform this task;
 

3) the crop forecasting model will have to be reviewed
 
and re-calibrated from time to time to utilize the
 
improved data base and include additional parameters;
 

4) more immediately, the model 
(which now consists of Boro
 
season rice and wheat crops for three districts--a total
 
of 9 crop-yield equations) 
 should be extended to cover
 
all 20 Bangladesh districts for Boro crops and Aus and Aman
 
crops--a total of 7 crops and 140 crop-yield equations;
 

5) once the crop-yield equations have been extended country­
wide, then aggregation of districts into larger units will
 
be possible. In this way, a more manageable countrywide
 

model can be developed;
 

6) additional work is needed to produce a crop forecasting
 

model for deep water rice (B. Aman);
 

7) in order to develop accurate crop yield models and use
 
them effectively, published data must be 
accurate and
 
data 	should be reported consistently to all government
 
publications;
 

8) meteorolo(Iical data is needed over a wider network,
 
coverinq the whole of Bangladesh;
 

9) timely and accurate data on 
crop damage and flooding is
 
needed in order to develop a more complete crop yield model;
 

10) a multi-national study is needed on the water balance and
 
flood regimen of the rivers ending in Bangladesh. A
 
companion study is needed on the effect of The floods on
 
the production of deep water rice;
 

11) 	 area land use estimates - the most accurate yield models
 
that can be derived from existing rice yield data will
 
not be very useful in forecasting total crop production
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unless accurate estimates of crop area are also available.
 

Current estimates of cropped areas by the Bangladesh Bureau
 
of Statistics have been severely criticized. Data is
 

currently obtained from Thana level estimates of B.B.S.
 

Field Agents. Due to numerous problems, including a lack
 
of standardized collection methods, non-random sampling,
 

and even imaginary data, little use can 
be made of much
 

of the Bureau's numbers.
 

One potential and much heralded future 
source of data is
 
the satellite-remote sensing programs currently under
 
development in Bangladesh. 
 Such a system, to be effective,
 

requires close support from ground level sample data to
 

insure that accurate location of sample areas or 
segments
 
can be done. Systems to utilize land-based data collection
 

together with satellite data in estimating land-use rely
 

on statistical inference. Large area sample frame studies
 
conducted in numerous 
third world countries have achieved
 

varying levels of success. Nevertheless, in a country
 

where the majority of agricultural production is consumed
 
locally, and where small 
field size and cloud cover adversely
 

affects remote-qensing most of 
the year, aerial photography
 

may be useful.
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APPENDIX A
 

THE MODEL OF THE CENTER F2":£ WORLD FOOD STUDIES
 
AND ITS RELATION TO THE EARLY WARNING CROP
 
FORECASTING MODEL
 

T'.2 Center for World Food Studies, with personnel located
 

at the Free University, Amsterdam, the Hague and the Agricultural
 

Institutions at Wageningen, Netherlands, in cooperation 
dith the
 

International Institute for Applied System Analysis, Laxenburg,
 

Austria, is developing a world-wide crop-forecasting model to
 

include 25 countries, covering over 80% of the world's economy,
 

food production and population. It will include both industrial
 

and developing countries. At this time, only one country model
 

has been developed.--Thailand--because the group found an exrel­

lent dat base there. They selected Bangladesh as their second
 

country model because of its population size and the magnitude
 

of its food problem. We experienced these same problems; how­

ever, they have encountered considerable difficulties 
in develop­

ing a data base with sufficient reliability and quality. Their
 

model is designed to study and analyze world-wide food policy,
 

international commodity exchancje, and agricultural production,
 

in the hope of pinpointing areas and policies producing food de­

ficits. As a result, they hope to be able to formulate policies
 

which will promote food production and exchange, therefore mini­

mizing hunger.
 

The overall moue]. is basically an economic model, whi ' has 
a number of sub-models including a paiysical model of crop piduc­

tion. The scientists working on these models include economists, 

statisticians, computer specialists, piant physiologists, agron­

omists, and soil scientists. The crop production or agronomic 
sub-model was developed based on a global grid system. All infor­
mation 1,)r each grid unit is stored( in the c)ntputer, and each grid 
unit characterized by map coordinates. The agricultural production
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module includes information on production activities like culti­
vation, weeding, fertilizing, crop growth factors, and constraints
 
such as land classes, labor-machinery-and-cash availability.
 

The model has a hierarchial sequence with the main variables
 
being solar energy, temperature, available moisture and available
 
plant nutrients. The first factors considered are solar energy
 
and temperature, which our model also considers. 
At each site
 
and time interval, these can be measured. The CWFS model origin­
ally considered ten-day intervals, but found them somewhat too
 
long. As a consequence of our discussions with them, we selected
 
a weekly interval, which is shorter but still a well-defined time
 
unit. It avoids the tremendous avalanche of numbers, which would
 
result from a daily interval, for which the data base would be
 
insufficient anyway. 
 The CWFS has calculated photosynthesis,
 
respiration and dry matter production for C3 
an& C4 crops from 
these data on a theoretical basis (rice and wh( !c are C3 crops, 
i.e., have a less efficient photosynthetic pathway than C 4 crops).
 
From these data gross CO2 assimilation (corresponding to photo­
synthesis and dry matter production) can theoretically be cal­
culated for all time intervals in the growing season of a crop.
 

The next factors considered include available amounts of
 
water and the needs of each crop. This requires detailed physio­
logical data of the crop and crop studies to determine the distri­
bution of growth between different plant parts (like grain, leaf,
 
stem, roots). Their model is open-ended and additional production
 
factors 
(like plant nutrients, crop protection chemicals and others)
 
can be introduced into their model 
as the need arises.
 

Their model is 
a very extensive and complicated one, re­
quiring a very large data base; 
and like the RDA team, they have
 
encountered considerable difficulties in developing a reliable
 
data base. Also, this is an analytical model not meant for fore­
casting.
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The Early Warning Crop Forecastinq model is a relatively
 
simple forecasting model, which hopefully will have 
some immediate
 

utility. Its main 
factors include rainfall, temperature and solar
 

radiatior (calculated from hours of sunshine). 
 There is a second­

ary input for plant nutrients and crop damage resulting from
 

floods, major storms, major insect pests and plant diseases. It
 

will only forecast yield per unit area and for a very limited
 

time during a currenc growing season of a given crop.
 

Once the crop is harvested, our model (when completed) will
 

provide the final yield per unit area estimate and, in combination 

with available figures of areas harvested, the total production of
 
this crop for the country, districts, or any subdivision desired.
 

It will be possible to review this model once 
a more complete
 

and reliable data exists for Bangladesh, developed by the CWFS and
 

others, to incorporate other factors, and thereby improve the
 

Early Warning Crop Forecasting model. Also, if utilized, the
 

Early Warning Crop model will contribute to the data base for
 

CWFS models in the form of additional and probably more reliable
 

production data for foodgrain3 in Banaladesh. In this sense,
 

the two models are complementary. However, our discussions with
 

the CWFS indicate that at the moment they have no data or sub­

models ready which could be used by the Early Warning Crop Fore­

casting model.
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APPENDIX B
 

PROPOSED REGIONAL EARLY WARNING PROGRAM
 

FOR 
SOUTH AND SOUTHEAST ASIA
 

The Office of Foreign Disaster Assistance, AID/W has spon­
sored a study by N.O.A.A. and the Atmospheric Science Depart­
ment of the University of Mis'-ouri, entitled "Agroclimatic
 
Assessment Methods for Drought/Food Shortacges in South and
 
Southeast Asia". This study proposes early warning system
an 


for possible drought caused food shortages for the countries
 
of the region including Bangladesh. It appears to be strictly
 

a desk study.
 

In the case of Bangladesh, they have developed a climate­
rice model for the Aus, Aman, and Boro crops, based on yield
 
data reported on the national level. Because of difficulty in
 
specifying the trend term (time) for most recent years, only
 
data through the mid-sixties were used in developing the model.
 
This, of course, means that yield modeling did not make allow­
ance for HYV or improved technologies, and the differences in
 
their crop-weather relations. 
 If the model is used, correspond­

ing adjustments are suggested.
 

The authors feel that in spite of these admitted short­

comings the model will provide a useful basis for drought-re­

lated food shortage assessments.
 

The climatic variables used in the model include precipi­
tation (p), precipitation from the previous year (LP), 
cummu­
lative stress (CMD), defined as Lhe difference between preci­
pitation (P) and potential evapotranspiration (PET), and the
 

quadratic term for cummulative stress (SCMD).
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The authors believe that "the Aus rice is 
linearly depen­
dent on the previous year's monsoon rainfall, which may be a
 
good indicator of the water available, like water in tanks, for
 
subsequent irrigation". This seems 
a rather strange assumption
 
to begin with, and even more so in light of the expanding Boro 
crops of rice wheat theboth and since years which were used as 
the basis in this study. The authors found a quadratic relation­
ship between yield and stress for June through July. They found
 
a trend line explaining 60% of the variability in yield, and
 

weather to account for 23%.
 

In the case of Aman rice, they found April through July
 
rainfall to account for 17% 
of the yield variability, and trend
 
for an other 67%. This reliance on rainfall for Aman must be
 
isleading, as they consider all Aman 
 rice together, and deep 
water rice should not be affected by this variable as pointed
 

out in other sections of our report. 

They used only 13 years of data for Boro rice, and all are
 
before 1965. rhus, 
the model does not include HYV at all, which 
are 
the most important in Boro production today. They explain
 
50% of yield variability in Boro with the stress term for January
 
and February, and another 43% with trend.
 

Their diagram shows an excellent statistical fit between
 
actual and predicted yield for 
a rice yield model plot, and the
 
astounding standard error of their model is 50 
kg/ha for Aus,
 
52kg/ha for Aman and only ?"kg/ha for Boro rice.
 

The authors of the report have divided Bangladesh in five 
climatic zones, namely N.W., 
Westi N.E., Coastal and Highlands. 
Their cron calendar contains a inor mistake, as it lists B. Aman 
as a major crop in the hiqhlands, i.e., the Chittaaong Hill Tract
 
area. In this, the- seem 
o be the victim of a misprint in the
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B.B.S. statistical yearbcock which indicates 640,000 acres for
 
1976/77, while actual acreaqe of this crop is only about 1-2,000
 
acres. This represents the perils of 
a desk study.
 

It has been noted that the 
study carries a publishing date
 
of June 1981, but that no 
 one in BancTiadesh had known of the
 
study's existence until the 
 team managed to obtain a copy through 
special efforts of its hoi_, offi !.'has sLa-y is an exLension 
of the previous work on weather-crop yield modelinq that has been 
done at the Unixers[t of Missouri for the last decade. While 
their larqle area, monthly weather-crop yield models have been 
useful in forecastinc the U.S. crops or for other areas around
 
the world which also have larme fields, accurate crop production
 
data as well as accurate weather data, caution must be used in
 
applying such a methodology to a countr,, with very small field
 

size.
 

It is interesting 
to note that many of the weather variables
 
found to be siqnificant in this published study were also found
 
significant in the current yield modeling effort.
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APPENDIX C
 

EXISTING TECHNICAL FACILITIES
 

AND
 

FACILITIES UNDER DEVELOPMENT IN SPARRSO
 

1. Metsat Ground Station:
 

SPARRSO operates an advanced meteorological ground station
 

for reception of low resolution cloud pictures from US TIROS-N,
 

NOAA-6/7, Japanese GMS, Russian METEOR Satellite and high reso­

lution picture transmission from Japanese GMS-2, NOAA-6/7. The
 
data received are being used for weather forecasting, disaster
 
prevention and othe r atmospheric observation, The ground sta­
tion will also be provided with the digital data processing
 
equipment facilities for the analysis of high resolution meteor­
ological data and also Landsat computer compatible tves.
 

2. Photo-interpretation Facilities:
 

The SPARRSO laboratory is equipped with the Photo-intprnre­
tation equipment like Planvariograph, Zoom Tranferscope, Polar
 
Planimeter, Stereoscope, Additive Colourviewer, Electronic Den­
sity Slicer, etc. for visual interpretation of Landsat imageries
 
and aerial photographs. SPARPSO is also acquiring equipment like
 
Spectroradiometer, Rectifier, Stereoscooe, etc. 
this year.
 

3. Photo Processing Laboratory:
 

The photo laboratory of SPARRSO is equipped with all the
 
technical facilities for both black/white and colour processing,
 
reproduction of satellite imageries including diazochrome colour
 
composites. A Durst enlarger has been acquired and will soon be
 
installed.
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4. Data Collection Platform: 

SPARRSO will install 30 Data Collection Platforms through­
out the river systems in the country and along the coast in the
 
Bay of Bengal. 
 The DCPS will transmit data on environmental
 

parameters to TIROS-N Satellites and will be received back at
 
the SPARRSO qround station.
 

5. Image Processing Facility:
 

SPARRSO is acquiring an image processing system called
 
Vizir Image Processing System VIP-16/65, which will be installed
 
in SPARRSO Laboratory by February - March, 1982. VIPS-16/65 is
 
a computer assisted digital data processing system of image data
 
transmitted from earth resources Satellites such Landsat D
as 

and SPOT. The system wili be able to process MSS and RBV images
 
of Landsat 3, thematics inmpper (TM) images of Landsat D and
 

panchromatic and multispectral images of SPOT.
 

6. Landsat-D/SPOT Ground Station:
 

The Landsat-D/SPOT Ground Station scheduled to be esta­
blished by 1983 in SPARRSO, will have the capability for
 
reception, recording, archiving, preprocessing and dissemination
 
of image data transmitted from Landsat D and SPOT Satellites.
 
The ground station will provide a continuous supply of real time
 
earth resources Satellite data which can be used for multi­

disciplinary resource survey efforts.
 

7. infra-red Aerial Photography:
 

SPARRSO is at present undertaking an infra-red aerial photo
 
coverage of the whole country in the scale of 1:50,000. An infra­
red serial photo-processing laboratory with all the technical
 
facilities is being developed in SPARRSO for the processing of
 
infra-red aerial photographs. The completion of this laboratory
 

is scheduled for January, 1982.
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8. Ealipment Available at SPARRSO
 

a) Delivered items: (Jan.82)
 

• Receiver and antenna for low resolution satellite
 

NOOA - VI
 

TIROS - N
 

GMS (Japanese)
 

* OMNI antenna for polar orbiting satellites - 6 m
 

pointable antenna.
 

* Tape 	recorder for receiving from satellites.
 

• 	3-hand copy facsimile machines
 

2 Olden - Sepia image
 

1 Muirhead - Black and White imagery
 

• 2 Second Systems for high resolution tape recorder.
 

* 6 m pointable antenna for Japanese satellite
 

& 2.5 
m auto 	track antenna for NOOA and TIROS Satellites.
 

• 2 hand copy facsimile machines
 

* HP 85 desk computer.
 

b) Item still to be delivered:
 

9 Receiving station for environmental monitoring system.
 
There will be 30 
r'iatforms throughout Bangladesh. Each
 
will measure and record: Rainfall, humidity, barometric
 
pressure, temperature, and speed and direction. 
 Some will
 
be placed in rivers and record riverflow data. Additional
 
data like soil moisture solar radiation and soil temper­

ature may possibly be collected.
 

* 3 computers for meteorological use.
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* 
TIROS vertical sounder system receiving equipment for
 
vertical temperature profile of atmosphere.
 

• 	 1 computer for analysis of imagery 
- Digital analysis.
 

• 	1 computer for LANDSAT imagery analysis.
 

AA receiving station (still not definite) for a geo­
stationery satellite to be launched by the U.S.S.R.
 
over Bangladesh as 
part of the WMO World Weather Watch
 

Project.
 

e 	UNDP will supply equipment to analyze LANDSAT imagery
 

visually.
 

* 	A stereo-tracing machine.
 

" 	A imagery density analyzer. (This is a type of color
 
TV camera, which photographs LANDSAT imagery and places
 
them on a screen. It permits the blow-up, i.e., enlarge­
ment of certain section, and the Coloration of the dif­
ferent greys with false colors).
 

" Complete ground receiving station for SPOT satellite
 

system (French).
 

" Computer system for SPOT analysis.
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APPENDIX D
 

ANALYSIS OF "LAND SAT" DATA IN BANGLADESH
 

Some analysis of "Land Sat" imagery in Bangladesh was done
 

by the Department of Geography, Jahangirnagar University , Dacca.
 

This was a study of land use in the Sylhet-Mymensingh Haor Region,
 

i.e., a region exposed to severe floods. Their findings were
 
that broad land use pattern and geomorphic feature are readily
 
identifiable. However, soil types and moisture conditions 
re­
quired the usea of aerial photographs or ground truth information.
 
Detailed land use patterns were difficult to delineate because
 
of very small holdings and fragmented use pattern. Water bodies
 

down to 2 ha size could be identified. Rural settlements, which
 
represent a mixture of houses, trees, and horticulture, were
 

difficult to identify. However, larger settlements could be
 
identified. Larger roads can be distinguished in some seasons,
 

and not during others. Roads narrower than 15 ft. (70 cm) cannot be
 
detected, unless they were indicated by an embankment or similar
 

structure.
 

A broad separation of agricultural land, cropped or fallow,
 
was possible, and the identification of general agricultural land
 
use was estimated to be 70% correct. With the use of ground truth
 
data identification improved, although some features could not be
 
recognized. Best identification was for Boro rice, fallow lands,
 

permanent pastures, water bodies, continuous settlements. Some
 
soil conditions can supposedly be recognized, but the authors did
 
not specify which ones. 
 Large bodies of water can be determined
 
witi a high degree of accuracy. However, aquatic vegetation of
 
"heels" (deep flooded depressions) was easily confused with cropland.
 

Color composite imageries showed a range of red colors corres­
ponding to different vegetation, and possibly permitting the identi­
fication of different moisture and land quality classes. The bright
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red colors corresponsing to vegetation growing in rich, moist,
 
deep soils, while light red would be indicative of shallow soils
 
with a lower moisture content. Tropical forest on hills (outside
 
the borders of Bangladesh) appeared in dark red colors. 
 Alluvial
 
fans of well drained sands and sandy soils appeared bright on
 
black arid white imagery and sands turned light green on color
 
composites. Pinkish red corresponded to pastures and greenish
 
patches to fallow land, while deep bodies of water showed in
 
black or bluish-black.
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APPENDIX E
 

3 4
 CRITICAL TEMPERATURES FOR RICE
 

Besides certain optimum temperatures or optimum temperature
 
ranges for rice, there are a number of critical temperatures
 
called "treshold temperatures" at which certain physiological
 
processes of the rice plant diminish strongly, or other levels
 
when certain activities c-ase completely, and cause major damage
 
to 
even the death of the plant. 
 Some of those temperatures have
 
been published in the literature. 
 Tohile they may be different
 
in Bangladesh, they will serve as a guide in the absence of
 
better data from local sources.
 

Germination:
 

Optimum: 	 18-33 0 C
 

Extremes: 	 High limit: 40-45 0C
 

Low limit: 
 13'C for tropical varieties.
 

The breaking of dormancy of seed has been accomplished by
 
exposing them to those temperatures for these lengths of time.
 

500 C 4-5 days
 

480 -60 0C 7-10 "
 

4 00 -450 C 1-2 weeks
 

Seedling emergency from the Soil
 

Plumule elongation was found most vigorous in the 20-30 0 C
 
range. 
At 170C the elongation was about one fourth of the one
 
produced at 300 C.
 

34 Based on: 
 Nishiyama I. "Effects of Temperature on 
the
Vegetative 	Growth of Rice Plant" in Climate and Rice.
 
p. 159-185.
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Seedling establishment under water
 

Pre-germinated seeds grew best in the 20-25 0C range. 
Elong­
ation of primary roots inhibited strongly above this range. 
The
 
production of secondary roots 
and elongation of shoots below
 
this range. Temperatures of 350C produced roots poorly anchored
 
in the soil and 400C was lethal. Temperatures here are all
 
water temperatures.
 

When seedling is placed into water, the warmer temperatures
 
24-32 0C favor growth of shoots and roots; 160C had a strong
 
detrimental effect on shoots.
 

Seedling establishment in transplanting
 

Rooting:
 

Optimum range: 25-28 0C
 

Minimum: 160C
 

Maximum: 350C
 

Root numbers decrease strongly at temperatures below 130C
 
and roots decay at high water temperatures;
 

Top growth:
 

IR-8 produced maximum dry matter at day-night temperatures
 
of 25°-200 C. Other varieties did better at 300-250 C (Noria 17).
 
Leaf area in all varieties did better at 300-25*C. A 35°-300 C
 
day-night temperature was found excessive for both japonica and
 
indiaca varieties.
 

Leaf elongation was best in the 
170-310C range. It ceased
 
below 7-80C and above 45'C.
 

Tillering
 

There is some disagreement about optimum temperature ranges
 
and treshold values. 
 It appears that tillering is strongly in­
fluenced by interaction of light intensity, temperature, and
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carbohydrate metabolism. Also, as 
in all growth factors, exact
 
limits vary from one variety to the other.
 

Under short day conditions, a day-night temperature regimen
 
of 29'-22'C led to complete suppression of tillering, known as
 
main culm monopoly, in one variety, and at 
32*-250 C in another.
 
Under long day conditions, even high temperatures had no special
 

effect.
 

Some found that tillering increased with rising temperatures
 
in the 150-330C range, aid found that at later stages, the number
 
of tillers was longer at 160C and 360C; Some investigators con­
sider the optimal range of day-night temperature as 250 -20*C,
 
average optimal soil temperature at 26°C, and average optimal
 
temperature as the 220 -24*C range. 
 It is generally considered
 
that temperatures above 330C, and below 16'C inhibits tillering,
 

although some place the lower limit at 9'C.
 

Physiological Processes
 

Protoplasmic streaming of root hair all occurs in the
 
00-45*C range with the optimum range at 150 to 330C.
 

Respiration and photosynthesis occurs from near 0°C to
 
45'-500C. Hcwever, the optimum is the 150-320C range.
 

Translocation takes place from 170-180 C to 28'-29'C;
 

Cell division is strongly reduced below 150 C and above 350C.
 
There is none beyond 4Q0r.
 

Thus, the temperature range for physiological processes in the
 
rice plant appears to be a 150-180 to 300-33*C optimum, with re­
duced activity down to the 00-30C level and up to the 450 -480C level.
 

Critical Temperatures in reproductive growth
 

Panicle differentiation: 180-300C optimum with some down to 150C
 
and delay or inhibition with temperatures above 300C.
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Photoperiodic characteristics differ among different temperature
 
ranges; 
 The change over from long day to short day was estimated
 

at 17.6 0C.
 

Sterile type cool weather injury occurs at:
 

150C + 500C
 

Inhibition of Cell Plate formation occurs at:
 

150C and below
 

Fertilization is inhibited by temperatures of 30'C, 
or more. The
 
critical temperature for flower opening is 15'-18 0C.
 
The maximum temperature for pollen germination is 400-450 C, the
 

minimum is 70-150 C.
 

Seed ripening is critical in the 120-18'C 
range; Temperatures
 
averaging 30'C are not favorable for ripening.
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APPENDIX F
 

PERSONS CONTACTED
 

U. S.
 

Richard MacArdle
 

World Food Outlook and Situation Board
 

U.S. Department of Agriculture
 

Nancy Tuma, Ageit Bangladesh Desk Officer, AID
 

John McKinne, World Bank
 

Dr. Chung-Chi Lu, Technical Officer, AID
 

Bangladesh (Dacca)
 

Stephen French, Food for Peace Officer, U.S.A.I.D.
 

Charles H. Antholt, Food and Agriculture Officer, U.S.A.I.D.
 

Frank B. Kimball, Director, U.S.A.I.D.
 

A.S.M. Jahangir, U.S.A.I.D.
 

Aktar Ahmed, U.S.A.I.D.
 

Ziaul HUQ, U.S.A.I.D.
 

Paul O'Farrell, Project Officer, U.S.A.I.D.
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Bangladesh (Dacca) (Cont'd)
 

Dr. A. H. Sanadatullah
 
Member (GED) & Advisor
 
FPMU, Planning Commission
 

M.D. Giashuddin
 
Section Chief (C.C)
 
FPMU, Planning Commission
 

MD. Abdul Aziz
 
Assistant Chief
 
FPMU, Planning Commission
 

MD. Shahid Akhtar Hossain
 
Research Officer, F.P.M.U.
 
Planning Commission
 

Dr. M.A.H. Pramanik, Director, SPARRSO
 

Dr. M.U. Chaudhury, Director,
 
Science & Technology Division
 
SPARRSO
 

C.M. Vermillion, N.A.S.A., SPARRSO
 

J. Kemowski, N.A.S.A. - SPARRSO
 

Squad. Com. M.A. Aziz, Director
 
Meteorological Service
 

M. R. Hassan, Assistant Director,
 
Meteorological Service
 

J. E. Calooy, Climatologist, W.M.O.
 
Meteorological Service
 

Dr. Mrs. Vagara, Agro-Meteorologist, W.M.O.
 
Meteorological Service,
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Bangladesh (Dacca) Con't
 

Dr. Kazi M. Baddruddoza, Director, B.A.R.C.
 

Dr. Alam, Entomologist, B.A.R.C.
 

Dr. Khan, Entomologist, B.A.R.C.
 

Dr. M. Huq, Director
 
Department of Soil. Survey
 
Min. of Agriculture & Forests
 

S. M. Saheed, Deputy Director (Field)

Dept. of Soil Survey
 
Min. of Agriculture & Forests
 

Dr. H. Brammer, Soil Scientist, F.A.O.
 

Jafar Ahmed, Director
 
Agricultural Statistics Wing, B.B.S.
 

Khurshid Kawal, Dept. Director
 
Agr. Statistics Wing, B.B.S.
 

S. N. Billah, btatistical Officer
 
Agr. Statistics Wing, B.B.S.
 

J. Gutierrez, U.N.-F.A.O. Advisor
 
Agricultural Statistics Wing, B.B.S.
 

Dr. G. Rabbani, Director General, B.B.S.
 

D. Hossain, Joint Director, B.B.S.
 

H. Hoque Bhyeen, Joint Director,
 
Computer Data & Personnel, B.B.S.
 

D. G. Larson, Bureau of Census,
 
U.N.D.P. Project, B.B.S.
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Bangladesh (Dacca): Cont'd
 

A. Hashem, General Manager (Field), B.A.D.C.
 

S. A. Moquit, Manager (Development),
 

Field Wing, B.A.D.C.
 

G. M. Moinuddin, Manager (Farms) Div., B.A.D.C.
 

Md. M. Islam, Deputy Manager (Farms) Div., B.A.D.C.
 

A. K. 1M. Shamsussoha, Deputy Manager (Farms) Div., B.A.D.C. 

A.Z.M. Islam, Manacor
 
Data Process.ing Project ImplemenLation Bureau (P.I.B.),
 
Ministry of Planninj
 

A. Bashar, DepuLy Director, P.I.B., Ministry of Planning 

Dr. J. R. Chaudhury, Director,
 
Computer Center
 
Bangi adesi English University
 

Dr. A. hii.s: in, System Analyst 
CoM. c Center 
Banq-lad es:;h Enqlish University 

A. Rah.m, Sr. Programr',er 
ComIputer Center 
BangladIesi Englin h University 

Dr. A. IHalim, Director 
Graduate Training Institute 
Bangladesh Ag ricutLura] University 
Mymensingh (seun in Dacca) 

Aciu 1 . 
Minist ry of Ag r iculture & Forests 

F. 71ddi, Arector,i Agr. (Extension) 

D. U. Lhan, Director 
Department of Plant Protection 
Ministry of Agriculture & Forests
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Bangladesh (Dacca) Cont'd:
 

S. I. Ali, Deputy Secretary, Ministry of Food
 

Dr. S. DeSouza, U.N.D.P. - Cholera Center
 

M. Morshed, Director of Silos, Food Ministry
 

Fabian Polcyn, 
Environmental Research Institute, Michigan
 
(Erim) - SPARRSO 

A.S.M. Kamahuddin Ahmed, Prof. of Agriculture
 

Abdul Matin, Director of Surface Water Hydrology, BW.D.B.
 

D. T. L. Rettie, Project Manager, Food Security F.A.O.
 

Dr. F. Sheppard, Team Leader, I.R.R.I. at B.R.R.I.
 

Dr. R. Huke, Professor of Geography,
 
Dartmouth College,
 
Consultant to B.R.R.I.
 

Joydebpur (Dacca District):
 

B.R.R.I.
 

Md. M. Hossain, Economist
 

Division of Agricultural Economy & Statistics
 

Dr. A. Islam, Head, Agronomy Division
 

Dr. M. Z. Haque, Head, Plant Physiology Division
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Joydebpur (Dacca District):
 

B.R.R.I. (Cont'd):
 

Md. Serajul Khan, Scientific Officer, Plant Physiology Division.
 

Md. Nur-e-Elahi, Head, Cropping Systems
 

T. C. Brackney, Rice Production Specialist, I.R.R.I. Team
 

Dr. D. G. Kanter, Rice Breeder, I.R.R.I. Team
 

Dr. C. Miller, Agr. Economist, I.R.R.I. Team
 

Dr. S. M. Hasanuzzaman, Director
 

H. R. Talukdar, Head, Div. of Publication and Public Relation
 

Dr. N.I. Bhulyan, Senior Scientific Officer, Soil Chemistry
 

B.A.R.I.
 

Dr. Md. H. bondal, Associate Director (Res.), B.A.R.I.
 

Dr. S. M. Ahmed, Project Director (Wheat), B.A.R.I.
 

M. A. Razzaque, Principal Scientific Officer (Wheat), B.A.R.I.
 

M. A. Elahi, Project Director, Soil Fertility (On-Farm Res. Div.).
 

H. Reza, Senior Scientific Officer, 6oil Fertility (I.F.D.C.)
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Ishurdi, Pabna District:
 

Md. A. Islam, Principal Scientific Officer, B.A.R.I., Regional Station
 

Md. W. A. Shan, Scientific Officer
 

Dr. Md. Z. Abedin, Principal Scientific Officer, Extension &
 
Research Project, B.A.R.I. Regional Station
 

K. N. Alam, Chief Superintendent, Tebna Seed Multiplication Farm,
 
B.A.D.C.
 

Dr. M. Shahjahan, Director, Sugarcane Research Institute
 

Dr. D. Sisler, Professor of Agr. Economics, Cornell University.
 

Netherlands:
 

D.:. W. Tims, Director, Centre for World Food Studies 
(C.,W.F.S.),

Free University De Boelelaan, Amsterdam.
 

Dr. D. Faber, Economist, C.W.F.S., Free University De Boelelaan,
 
Ansterdam
 

Dr. Ir. P.M. Driessen, Soil Scientist, C.W.F.S., Agricultural
 
University, Wageningen
 

Dr. A. D. S. V. Heest, Plant Physiologist, C.W.F.S., Institute
 
for Agro-Biological Studies, Wageningen
 

Dr. S. S. A. Berkhout, Geographer, C.W.F.S., Institute for Agro-

Biological Studies, Wageningen
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orm A-4.. APPENDIX G-1
 

BANGLADESH BUREAU OF STATISTICS
 
AGRICULTURE STATISTICS WING
 

CROP CUTTING EXPERIMENT FOR YIELD
 

. IDENTIFICATION 

1. District : 2. Thana: 
 3. Union 

4. J, L. No.: 5. Mouza: 6. Cluster Code-No. 

7. Plot Code No.: 8 Cultivator: S/O. 9. Date of Cut: 

*. RANDOM SE.LECTION OF POINT 

East-West North-South 
Side (x) Side (y) 

I. Dimensions of the plot in number o fteps..........
 

2. Random coprdinates (in steps) of the center of the cut.. 

C. CROP CUTTING EXPERIMENT 

2. Results of cut (agreen cut). 
1. Type (Check one) 

B Seers ChhataksKachchas 
EDBoro []Oli. Jute Innr 6 -. , Ia a. inner 

- T. aus F1 Cap. Jute b. Middle 

E] B. aus [i] Other c. Outer. 
(c rtop) - % 

[] T. aman d. Total -

L B. aman 

1. Paddy(For i seer of 2. Jute (For 20 seers of
 
green weight) green weight )
 

Day Chhataks tachchas Seers Chhataks Eachchas 

!1Th 

Th
1 2 

Th 

1 5 Th 
1 6 Th 

1 7 Th 

T h
 
1 8 


Note : After 10th day of drying, weight to be recorded 
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----

E. PARTICULAI:OF THE CROP ON THIS PLOT 

1. Cultivator's estimate of yield rate for plot _rnaunds per 
(local unit) 

one = decimals
2. Land level: [ ]High [3Mdiorm [Low (local unit) 

3. Mixed C-opping ? [j--]Yes -IJNL
 
. Names of other 
crops if mixed :
 

a. - ­4. Seed used : Kind - ] High', yielding [fOldinaty 

b. Source - - Own Holding DM.arket I7]GoVernment 

5. Was plot irrigated? J'--yes L__No ' 

6. Were any insecticides used on this plot ? [= Yes = No 

7. Was any fertilizer used on this plot ? ED Yes= No 

IF YES, 

Name of chemical Quantity in Price b. Other fertilizers used Quantity in
fertilizers used seera appli- paid (cow dung, oil cake, seers appli­
(Urea, TSP, MP, ed to this per compostashes,etc.) ed to this

DAP, etc.) pot seer 
 plot_ 


Plot tenure status : [4Cukivator owned [] Sharecropped 

[ Ctltivator paid fixed rent [- Other • 

PERSONS PRESENT AT THE TTME OF CROP-CUTTING EYOPERIMENT 

Name Father's Name Village Post Office Thana 

FULL SIGNATURE OF INVESTIGATOR: 

DESIGNATION: DATE OF SUBMISSION _ 
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I 

From A -5 APPENDIX G-2
 

AGRICULTURE STATISTICS WING
 
CROP CUTTING EXPERIMENT FOR YIELD
 

POST HARVEST VERIFICATION
 

A. 	 IDENTIFICATION (Copy from form A-4) 

District :. 	 Thana 3. Union 

J. L.No. 	 5. Mouza 6. 	 Cluster Code No. 

7. 	 Plot Code No. 8. Cultivator S/0. 

9. 	 Crop Type : 10. 	 Date of Cut 

B. 	 PERSON INTERVIEWED : ECultivator OAnother person representing the 

person

dultivator . If another/is interviewed give his particulars: 

Name :_S/O. Relationship to Cultivator 

C. 	 PARTICULARS OF TIHE CROP CUTTING EXPERIMENT: 

1. 	 Was a crop cutting experiment carried out on this Plot ? E]Yes Q*TO 

If No, terminate the interview 

If YES, 

(a) 	 Give name of person and organization cpnductng the experiment, if known 
Name : Designation :
 

Organization
 

(b) 	 Indicate below the figure which best describes the shape of the crop cutting 

experiment used on this piot 

(c) 	 Please indicate the equipment and materials used for the Crop cut 

(d) 	 Was the crop cut weighed ? f--]Yes. [:No. 

(e) Was any payment made to the cultivator ? El 	 [1 No.Yes. 

145 



(2 )
 

g) Was any sample taken for retting or drying ? DYes QNo.
 

h) How many person came 
to conduct the crop cutting?
 

i) Did an of them come by bicycle ? iYee -No [Don't know
 

. PARTICULARS OF THE CROP ON THIS PLOT.
 

1. 	 Cultivator's estimate of yield rate for plot: maunds per 

(Local Unit) 
one ecimals 

Land Level [J]High []Medium [ILow (Local Unit) 

3. 	 Mixed Cropping ? 1E]Yes JNo 

Names of other crops if mixed: 

4. 	 Seed used : a. Kind --- 1 High yielding Ordinary 

b. 	 Source ------- jDOwn Holding -' Market EGovernment 

5. 	 Was plot irrigated ? DIyes El]No 

6. 	 Were any insecticides used on this plot ? -]Yes El 	 No 

7. 	 Was any fertilizer used on this plot ? [IYes 11]No 

IF YES 

b. 
Name of chemical, Quantity in Price Other fertilizere Quantity in
 
fertilizers used 
 seers app- paid uae(cow dung, oil seers app­
(Urea, TSP, MP, lied to this 
 per cake, compost, lied to

DAP, etc.) pLot seer ashes, etc.) this plot.
 

Plot tenure status : l Cultivator owned [ Sharecropped 

(jCultivator paid fixed rent 	 Other _ 
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'E~ PERSONS PREENT AT THE TIME OF CROP-CUTTING
 

1, Were these persons present at the time of crop cutting ?
 
(I) Mr. S/0 Vill. JYes UNo 

2. Direct interview with the persons present listed in (I) and (II) above.
Person/Ierson 

listled listed 
in (I) lin (II) 

(a) Were you present at the crop cutting held on ----------------- ( Enter appropri. 
( date ) ate code below) 

on ---------- in a plot located at ------------- and
 
(crop) 
 ( village ) 

cultivated by ---------------------- S O --------------------- ? 
(name of the cultivator) (Father's name) 

Yes D No (If No, Terminate interview) ---------------­

(b) Indicate below the figure which best describes the shape of the cut. 

z~l3-------------­
(c) Indicate which of the following equipment was used for the crop cut. 

Used Not used
 
sickle------------------1 
 2 ------­

canvas mat -------------------- 1 2 -­

winnower --------------------- 1 2 -­

scale balance & weights 2 ............
 

(d) Was the crop cut weighed ? 

0 Yes EINo --------------------- ----------- IZF.. FULL SIGNATURE OF THE VARIFYING INVESTIGATOR : 

Designation Date ...... 
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APPENDIX H-I
 

UNITED STATES GOVERNMENT°- memorandumDAME 16, 1982M~arch 

e m r n u 
Ar. N TO Ziau-' Huq, F&ACR 1 ,_ A -'>:_'RU: Mr. Charles H. Antholt,Chlef, F&AGR 
UUECT, Analysis of Yield Data Series Based on Crop Cuts and Average Yield 

Data Series Published in Agricultural Yearbook
 

TO: Dr. Harvey Newton 

As per your request I have analyzed the two series of data
on aus, 
t. aman and boro yields provided in the attachment. As you
told me, the typed data in the attachment is the crop cut data on
yield assessments of these crops for specific localities provided
by B.B.S., 
and the data in pencil---put down by you---is the district
and thana average yield data published by the B.B.S, 
 I have analyzed
the two series on aus and t. aman crops only, the t.-o series on boro
could not be analyzed because of some missing data. 
A statistical
test (paired t - test) 
was carried out on 
those crops to see whether
there is any significant difference between the two series, i.e.
whether the population means of both the series are identical. 
mean differences ( ( ) between the two series for both aus and t. 
The

amanare very low and the standard deviations of the differences (see table)
are also low, indicating similarity of both the series for aus and
t. aman. The tabulated value of t at 1% level with 59 d.f-is + 2.6,
whereas the calculated values of t for aus 
and t.aman are .8196
and -.57082 respectively, hence insignificant. This means that there
is no significant difference between the two series,. 
In other words
we can say that we are 99% confident that the two series are identical.
 

Table
 

Calculations
 

Parameters 
 Aus 
 T. Aman
 

No.of paired variables 60 60
 

d. 
 .2591 
 -0.113
 

Sd 
 2.449 
 1.5334
 

d.f. 
 59 
 59
 

t 
 .8196 
 - .57082
 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan OPTONAL FORM NO. tO 
(REV. 7-76) 
GSA FPMR (41 CFR) 1o-, ,.4 
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APPENDIX H-2
 

Yield Per Acre of AUS Crop Based on Crop Cuttinq Experiments
 
Under Sample Survey During the Years 1976 to 1980-81
 

Name of Thana 1976-77 1977-78 
 1978-79
 

Local Hyv Local 
 Hyv Local Hyv
 

1. Savar (Dacca) 8.15 28.00 8.89 29.00 9.00 30.00
 
la 8.6 28.0 8.9 29.0 9.0 29.6
 

2. Gepalganj 6.00 31.85 
 9.36 27.03 9.80 25.00
 
a (Syll-U) 6.2 15.2 9.4 21.9 9.8 25.00
 

3. Jhikarqacha 8.60 30.22 10.18 10.00
31.00 32.00 

3a (Jessere) 8.6 29.9 10.2 30.8 10.0" 31.8
 

4. Sherpur (Begra) 9.49 17.88 8.38 21.55 8.76 
 22.44
 
Q 8.2 21.2 8.4 21.8 8.8 22.6
 

5. Atgheria 8.04 30.00 8.17 30.50 
 8.85 31.41
 
(Pabna) 7.9 27.2 8.2 36.3 8.9 
 34.0
 

6. Usirpur 8.72 2'.94 
 7.51 23.55 8.17 25.52 
6a (Barisal) 9.6 26.1 7.4 23.3 7.8 24.0
 

COMPARISON WITH DISTRICT
 
FIGURES AS PUBLISLAiD
 

NOTE: *Figures in maunds of clean rice
 

1, 2, etc., "Thauna" figures supplied by B.B.S.
 
la, 2a, etc., catcuated ba,RDA team Krom pubZtihed DVstict 4igurm
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Yield Per Acre of AUS CroP Based on Crop Cuttinq Experiments 
Under Sample Survey Durin; the Years 1)76 to 1980-81 

Name of Thana 1979-80 1980-91 Simple
 

Average
 
L0ocal Iyv Local Hyv Local Hyv
 

1. Savar (Dacca) 8.00 29.00 7.92 29.43 8.39 29.09
 

la 8.0 29. 7.7 28.3
 

2. Gepalganj 9.00 24.14 .0.25 28.06 8.92 21.21
[

(Sylhet)
 

2c. 9.0 24.0 10.3 28.0
 

3. Jhikarqacha 8.36 
 24.94 10.12 27.07 9.45 29.05
 
(Jessere)
 

3a 8.4 25.0 8.9 26.9
 

4. Sherpur (Begra) 8.57 22.OC 11.00 22.00 9.24 21.17
 

4a 8.6 22.0 11.1 24.0
 

5. Atgheria 8.50 25.74 9.47 27.97 
 8.61 29.12
 
(Pabna)
 

5a 8.5 25.8 9.8 28.5
 

6. Usirpur 7.90 25.00 8.14 26.84 
 8.09 25.77
 
(Barisal) 

6a 8.1 23.8 7.5 25.0 

(CONTINUED) - COMPARISON WITH DISTRICT 
FIGURES AS PUBLISHED 

NOTE: *Figures in maunds of clean rice
 

1, 2, etc., "Thauna" fiqures supplied by B.B.S.
 
la, 2a, etc., catcutated by RVA team fAom pubfUshed District figwes 
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Yield Per Acre of Boro Crop Baseu on Crop Cuttinq Experiments
 

Under Sample Survey DuL-ina the Years 1976-77 to 1980-81 

Name of Thana 1976-77 1977-73 1978-79
 

Local Hyv Local Hyv Local Hyv
 

1. Savar (Dacca) 11.31* 28.00 16.00 
 28.00 14.00 28.00
 
la 14.0 27.9 28.1
15.9 14.1 28.0
 

2. Gepalganj 9.80 24.00* 
 16.00 27.00 
 10.73 21.27
 
%Sylhet)
 

2a 10.0 27.7 16.0 27.0 10.7 21.2 

3. Jhikargacha --- 35.00 --- 35.00 
 --- 29.29
 
(Jessere)


3a 15.5 35.0 16.0 35.0 12.0 29.3
 

4. Sherpur (Begra) 9.82* 24.24* 13.50* 29.00 
 --- 30.82
 

4a 6.8 23.3 16.3 29.4 9.1 30.8
 

5. Atgheria 13.96 32.71 
 14.50 32.40 
 9.00 24.62
 
(Pabna)
 

5a 13.6 32.3 13.6 31.6 8.5 24.8
 

6. Usirpur 10.03* 27.69 13.00 27.75 11.80 
 27.75*
 
(Barisal)


6a 12.4 27.7 27.9
13.6 12.6 26.3
 

COMPARISON WITH DISTRICT
 
FIGURES AS PUBLISHED
 

S. ISLAM
 

*Figures in maunds of clean rice
 

1, 2, etc., "Thauna" figures supplied by B.B.S.
 
la, 2a, etc., cafcuated by RDA team 6rom pubti5izd Disttict figures 
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Yield Per Acre of Boro Crop Based on Crop Cutting Experiments
 
Under Sample Survey During the Years 1976-77 to 1980-81
 

Name of Thana 1979-80 1980-81 Average 

ILocal Hyv Locai Hyv Local Hyv 

1. Savar (Dacca) 13.52 30.00* 17.05 34.90 14.38 29.78 

la 13.1 33.0 17.3 35.3 

2. Gepalganj 14.24 26.94 20.52* 26.20 1.4.26 25.08 
(Sylhet) 

2a 14.2 26.9 18.5 26.2 

3. Jhikargacha 11.78 26.69* --- 21.41* 11.78 29.48 
(Jessere) 

3a 11.8 25.6 13.3 24.6 

4. Sherpur (Begra) --- 31.88 --- 32.23 11.66 29.63 

4a 13.2 31.0 16.2 32.9 

5. Atgheria 10.43 28.18 15.17* 27.44* 12.61 29.07 
(Pabna) 

5a 10.3 28.5 16.4 32.2 

6. Usirpur 12.00 28.29 il.44 28.24* 11.65 27.94 
(Barisal) 

6a 11.6 23.2 10.6 25.2 

(CONTINUED) - COMPARISON WITH DISTRICT 
FIGURES AS PUBLISHED 

S. ISLAM 

*Figures in maunds of clean rice
 

1, 2, etc., "Thauna" figures supplied by B.B.S.
 
la, 2a, etc. , catculated by RDA team 6rom pubtUs1id District figu 
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Yield Per Acre of T. Aman Based on Crop Cutting Experiments
 
Under Sample Survey Durinq the Years ]976-77 to 1980-81
 

Name of Thana 1976-77 1977-78 
 1978-79
 

Local Hyv Loca l HyV Local Hyv 

1. Savar (Dacca) 14.16 22.84 15.00 28.00 13.70 26.70
 

la 14.1 23.1 15.0 28.6 13.80 26.7
 

2, Gepalganj 17.06* 31.58* 14.82 27.00 13.75 25.00 
(Sylhet) 

2a 14.1 24.1 14.9 27.2 13.8 24.8
 

3. Jhikargacha 26.47 28.45
12.26 12.52 12.20 27.00
 
(Jessere)


3a 12.3 25.7 12.5 28.2 12.2 27.2
 

4. Sherpur (Begra) 14.22 22.13 14.00 25.31 13.75 27.40
 

4a 14.2 23.0 14.0 13.825.1 27.2
 

5. Atgheria 12.28 23.83 32.50 31.85
13.85 13.80 

(Pabna)


5a 12.3 23.0 13.8 32.0 13.8 32.4 

6. Usirpur 12.31 13.10 12.50
22.49 27.20 25.00
 
(Barisal)


6a 12.8 23.0 13.7 27.2 12.9 28.6 

COMPARISON WITH DISTRICT
 
FIGURFS AS PUBLISHED
 

*Figures in maunds of clean rice
 

1, 2, etc., "Thauna" figures supplied by B.B.S.
 
la, 2a, etc., caccueated bt, RDA team from published Vtrict fguke 

153 



Yield Per Acre of T. Aman Based 
on Crop Cuttina Experiments
Under Samj)le Survey Du1ring the Year!; 197G-77 to 1980-81 

Name of Thana 1979-80 1980-91i Average 

Local Hyv ,cn . a Iyv HyvLocal 


1. Savar (Dacca) 15.25* 28.85 ]8.io0 24.52 15.29 24.58
 

Ia 13.0 21.1 19.7 24.5 

2. Gepalganj 12.00 23.70 13.40 24.00 1.21 
 28.26
 
(Sylhet)
 

2a 12.0 23.7 13.4 24.0 

3. Jhikargacha 12.74 26.19 11.14* 23.10 12.17 26.29 
(Jessere) 

3a 
 12.1 26.2 16.4 
 24.0
 

4. Sherpur (3egra) 14.00* 24.00* 15.29 26.00 19.25 24.97 

4a 13.0 25.0 14.9 26.0
 

5. Atgheria 
 13.53 17.04* 11.38 21.40 
 12.97 25.32
 
(Pabna)
 

5a 12.9 20.9 11.9 21.3 

6. Usirpur 10.30* 20.18 11.88 24.00 
 12.02 23.72
 
(Barisal)
 

6a 11.7 20.6 12.7 24.7 

COMPARISON WITH DISTRICT
 
FIGURES AS PUBLISHED
 

*Figures in maunds of clean rice
 

1, 2, etc., "Thauna" figures supplied by B.B.S.
 
la, 2a, etc., catcueated by RDA team 6tom pubfi.shed District figukes 
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SPSS BATCh aYSTEh 


SPSS FOR OS/360, VERSION H, RELEASE 8.0, DECEMB3ER 17, 1979
 

04/02/82 PAGE
 

DEFAULT SPACE ALLOCATION.. ALLOWS FOR.. 
 194 TRANSFORMATIONS
WCPKSPACE 136192 BYTES 
 778 RECODE VALUES + LAG VARIABLES
TRANSPACE 
 19456 BYTES 
 3114 IF/CONPUTE OPERATIONS
 

1 RUM NAME BANGLADESH WEATHER-RICE YIELD rtODELS
 
2 COMMENT 
 WEATHER VARIABLES DEFINITIONS
3 COHMENT NUMBERS = WEEKS OF YEAR STARTING WITH JANUARY
 
4 CO.;IENT MXTP 
= WEEKLY AVERAGE MAXIMUM TEMPERATURE
5 COMMENT MNTP = WEEKLY AVERAGE MINIMUM TEMPERATURE
 
6 COMMENT PRCP 
= WEEKLY AVERAGE RAINFALL (MM)
7 COMMENT DEF = MOISTUSRE DEFICIT (RAINFALL MINUS EVAPORATION)
8 COMtENT NSOL = NET SOLAR RADIATION
 
9 CONNErJT DL' " = DIURNAL TEMPERATURE VARIATION10 COMIMENT SDVTP 
= SQUARED DEVIATION FROM OPTIMUM TEMPERATURE (24.5 C)
11 CO-71iENT EQET = EQUILIEPUl EVAPORATION


I2 COMMENT 3XT = INTERACTION OF NET SOLAR PAD. WITH DEV. FROM OPTIMUM TEMPERAT.
13 COtMMENT QXDU = INTERACTION OF NET SOLAR PAD. 'WITHDIURNAL TEMPERAT. VAR.
14 CO.MIMENT PROGRAM BY BRUCE w. STRA.D, 18.3.t2
 
15 COCMIENT
 
16 COMMENT
 
17 COMMENT BORG AND WHEAT VARIABLES 
 poIS VARIABLE LIST YEAR, DATYPE, STATION, MXTPI 
 TO MXTP26, MNTPI
19 TO IINTP26, PRCPI
TO PPCP26, SUNSHI 
 TO SL'USH26, DCROHYEOROLV,WHEAT,


I-' 20 u.FERT,FLBORrdY,FLBOROLV,FLWHEAT 
Ln Z! COMMENT

22 INPUT MDIUM DISK > 
23 COMMENT DORO !,'tD WHEAT SEASCI FCPMAL. WEEKS I TO 16 ONLY24 INPUT FORMAT FIXED (F4 .0,FZ.O,13F.0/8:<,13FS.O///SX,3F5.O/SX, 

3 FS.O///
25 
 8X.13F5.1/8X,13FS.I///8X,13F5.1/8X,13FS.I///aX,zoX,
 
26 4F5.1,4X,3FI.0///)
 

ACCORDING TO YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS
 

VARIABLE FORMAT RECORD 
 COLUMNS
 

YEAR F 4. 0 
 1- 4 
DATYPE F 2. 0 1 5- 6 
STATION F 2. 0 
 1 7- 8 
MXTPI F 5. 0 1 9- 13
 
HXTP2 F 5. 0 
 1 14- 18 
MXT-3 
 F 5. 0 1 19- 23 
MXTPt 
 F 5. 0 1 24- 28
 
my- I 
 F 5. 0 1 29- 33 



BANGLADESH WEATHER-RICE YIELD MODELS 
 04/02/82 PAGE 2
 

ACCORDING "ro YOUR INPUT FORMAT, VARIABLES ARE TO B: READ AS FOLLOWS
 

VARIABLE FORMAT 
RECORD COLUMNS
 

MXTP6 F 5. 0 
 1 34- 38
 
MXTP7 
 F 5. 0 1 39- 43
 
MXTP8 F 5. 
0 1 44- 48
 
MXTFP; 
 F 5. 0 1 49- 53
 
MXTPI0 F _;.0 1 54- 58
 
MXTp't 
 F 5. 0 1 59- 63
 
MX'PI2 F 5. 0 
 1 64- 68
 
MXTP13 F 5. 0 
 1 69- 73
 
MXTP14 F 5. 0 
 2 9- 13
 
MXTP1S F 5. 0 
 2 14- 18
 
MXTP16 F 5. 0 
 2 19- 23
 
MXTP17 F 5. 0 
 2 24- 28
 
MXTPI8 F 5. 0 
 2 29- 33
 
HXTPI9 F S. 0 
 2 34- 38
 
MXTP20 F 5. 0 
 2 39- 43
 
MXTP21 F 5. 0 
 2 44- 48
 
KXTP2Z F 5. 0 49-
2 53
 
MXTP23 F 5. 0 
 2 54- 58
 
MXTP24 F 5. 0 
 2 59- 63
 
MXTP25 F 5. 0 2 64-
 68
 
MXTP26 F 5. 0 2 
 69- 73 
111,TP1 F 5. 0 5 9- i3
 
N"NqTP2 F 5. 0 5 
 i4- 18
 
M,'JTP3 F 5
5. 0 19- .3
 
KNTP4 F 5. 0 5 
 24- 28 
MNTP5 F 5. 0 5 29- 33
 
MNTP6 F 5. 0 34-
5 33
 
MNTP7 F S. 
 5 39- 43 
rNTP8 F 5. 0 44-
5 48
 
M"TP9 F 5. 0 
 5 49- 53
 
MNTP10 F 5. 0 54-
5 58
 
r.NTP11 F 5. 0 5 59-
 63
 
KMNTP12 F 5. 0 5 64-
 68
 
K14TP13 F 5. 0 69-
5 73
 
'NTP14 F 5- 0 9-
6 13
 
*4TP15 F 5. 0 
 6 14- 18
 
MNTP16 
 F 5. C 6 19- 23
 
t*TP17 F 5. 0 24-
6 28
 
IMUTP18 
 F 5. 0 6 29- 33
 
MNTP19 F 5. 0 34-
6 38
 
MNTP20 F 5. 0 39-
6 43
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ACCORDING TO YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS
 

VARIABLE FORMAT RECORD 
 COLUMNS
 

MiTP2I 
 F 5. 0 
 6 44- 45
MUTP22 
 F 5. 0 
 6 49- 53
 
MNTP23 
 F S. 0 6 
 54- 55
 
MNTPZ4 
 F 5. 0 6 !9- b3 
MNTP25 
 F 5. 0 
 6 64- 68

KNTP26 
 F 5. 0 
 6 69- 73
 
PRCP1 
 F 5. 1 
 9 9- 13

PRCP2 
 F 5. 1 
 9 14- 18
 
PRCP3 
 F 5. 1 9 
 19- 23
 
PRCP4 
 F 5. 1 
 9 24- 28
PRCP5 
 F 5. 1 
 9 29- 33
 
PRCP6 
 F 5. 1 
 9 34- 38
 
PRCP7 
 F 5. 1 
 9 39- 43
 
PRCP8 
 F 5. 1 
 9 44- 48

PRCP9 
 F S. 1 
 9 49- 53
 
PRCPI0 
 F 5. 1 
 9 54- 58
 
PRCPI1 
 F 5. 1 
 9 59- 63
PRCP12 
 F 5. 1 
 9 64- 68
 
FRCP13 
 F 5. 1 
 9 69- 73

PRCP14 
 F 5. 1 10 9- 13
 
PRCP15 
 F 5. 1 
 10 14- 18
 
PRCP16 F 5. 1
LI 10 19- 23
PRCP17 
 F 5. 1 
 10 24- 28
 
FPcPIa 
 F 5. 1 10 
 29- 33
 
PRCP19 
 F 5. 1 
 10 34- 38

PRCP20 F 5. 1 10 
 39- 43
 
PRCP2! 
 F 5. 1 
 10 44- 4S

PRCP22 
 F 5. 1 10 
 49- 53

PRCPZ3 F 5. 1 10 
 54- 53
 
PRCF24 
 F 5. 1 to 
 59- 63
 
PpCP25 
 F 5. 1 
 10 64- 68
 
FRCfZ26 
 F 5. 1 
 10 69- 73
 
SUNZ.H I F 5. 1 13 
 9- 13
 
SI,- Ci. F 5- 1 13 14- 18
SUHSH3 
 F 5. 1 
 13 19- 23
SLIN584 F 5. 1 13 24- 28

SUSH5 
 F 5. 1 
 13 29- 33
 
SUNSH6 
 F 5. 1 13 
 34- 38

SUNSH7 
 F 5. 1 
 13 39- 43

SUNSH8 
 F 5. 1 
 13 44- 48
 
SLRSH9 
 F 5. 1 13 49- 53
 



BANGLADESH WEATHER-RICE YIELD MODELS 

04/02/82 PAGE 4
 

ACCORDING TO YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS
 

VARIABLE 
 FORMAT 
RECORD COLUMNS
 

SUNSH1O 
 F 5. 1 
 13 54- 58
 
SUSHI 
 F S. 1 
 13 59- 63
SUNSHIZ 
 F 5. 1 
 13 64- 68
 

73
 
13
 

SUNSH13 
 F S. 
1 13 69-
SUNSH14 F S. 1 14 9-
SUNSH15 
 F 5. 1 
 1l 14- 18

SUNSH16 
 F 5. 1 
 14 19- 23
 
SUNSH17 
 F 5. 1 14 
 24- 28

SUNSHIS F 5. 1 14 
 29- 33

SUNSH19 
 F S. 1 
 14 34- 38

SUNISH20 
 F 5. 1 
 14 39- 43

SUNSH21 
 F 5. 
1 14 44- 48

SUNSH22 
 F 5. 1 14 
 49- 53
 
SUNSH23 
 F 5. 1 
 14 54- 58
 
SUNSH24 
 F 5. 1 
 14 59- 63
 
SUNSH25 F 5. 1 14 
 64- 68

SUNSH26 F 5. 1 14 
 69- 73
 
EOROHY 
 F 5. 1 
 17 29- 33

BOROLV 
 F 5. 1 
 17 34- 38

WHEAT 
 F 5. 1 
 17 39- 43
 

U' 
 FERT 
 F S. 1 17 44- 48
 o FLBOROHY F 1. 0 
 17 53- 53
 
FLBOROLV 
 F 1. 0 
 17 54- 54
 
FLHEAT F 1. 0 17 
 55- 55
 

114 VARIABLES.
IT PROVIDES FOR 114 WILL BE READ
 
THE INPUT FORMAT PROVIDES FOR 


20 RECORDS ('CARDS-) 
PER CASE. A MAXIMUM OF 73 'COLUriNS' ARE USED ON A RECORD.
 

27 SUBFILE LIST 
 JESS(14) DACC(20) SYLH(19)
28 MISSING VALUES MXTPI 
 TO MXTP26(0)/INTP1 
 TO MNTP26(O)/PRCPI 
 TO PRCP26 (9999)/
19 
 SUNSHI TO SUNSH26(0)/BOROHY (O)/BOROLV (O)/1HEAT (0)/FERT (0)/
30 ALLOCATE 
 TRANSPACE=5000
 
31 COMMENT
 

SPECIFIED SPACE ALLOCATION.. 
 ALLOWS FOR.. 
 500 TRANSFORMATIONS
WORKSPACE 
 105648 EYTES 

TRANSPACE 

2000 RECODE VALUES + LAG VARIABLES
50000 BYTES 
 8000 IF/COMPUTE OPERATIONS
 

32 COMPUTE 
 EXTSOLI=O9.7
 
33 COMPUTE 
 EXTSOL2=10+2
 
34 COMPUTE 
 EXTSOL3=1O.5
 
35 rOIIPUTE 
 EXTSOL4=1O.9
 
36 COMPUTE 
 EXTSOL5=11.3
 
37 COMPUTE 
 EXTSOL6=11.7
 
38 COMPUTE 
 EXTSOL7=12.1
 
39 COMPUTE 
 EXTSOL8=12.4
 
40 COMPUTE 
 EXTSOL9=I2.8
 



oA ER,-RIE-TI 
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41 COMPUTE EXTSOL10=13.2 
42 COMPUTE EXTSOL11=13.7 
43 COMPUTE EXTSOL12=14.2 
44 COMPUTE EXTSOL13=14.6 
45 COMPUTE EXTSOL14=15.0 
46 COMPUTE EXTSOL1S=I5.3 
47 COMPUTE EXTSOL16=i5.6 
48 COMPUTE EXTSOL17=15.9 
49 COMPUTE EXTSOL!8=16.1 
50 COMPUTE EXTSOLI9=16.3 
51 COMPUTE EXTSCL20=I6.4 
52 COMPUTE EXTSOL21=16.5 
53 COMPUTE EXTSOL22=m6.6 
54 COMPUTE EXT-,OL23=16.6 
55 COMPUTE EXTSOL24=16.6 
56 COMPUTE EXTSOL25=16.6 
57 COMPUTE EXTSOL26=16.6 
58 COMMENT EXTSOL27z!6.5 
59 CONMENT EXTSOL28=16.5 
60 COMMENT EXTSOL29=16.4 
61 COMENT EXTSOL30=16.2 
62 COMMENT EXTSL31=16.I 
63 COMMENT EXTSOL32=15.8 
64 COMMENT E:.TSOL33=15.5 
65 COMMENT EXTSOL34=5.12 
66 COMMENT EXTSOL35=15.0 
67 C3MMENT EXTSOL-6=14.7 
68 COMMENT EXTSOL37=14.3 
69 COMMENT EXTSOL3S=13.9 
70 COMMENT EXTSOL39=13.5 
71 COMMENT EXTSOL4O=13.0 
72 COMMENT EXTSOL41=12.5 
73 COMMENT EXTSOL42:1Z.1 
74 COMMENT EXTSOL43=' I.6 
75 COMMENT EXTSOL4.=11.1 
76 COMMENT EXTSOL"5=I0.6 
77 COMMENT EXTSOL46=I0.4 
78 COMMENT EXTSCL47=I0.2 
79 COMMENT EXTSOL48= 10.0 
80 COMMENT EXTSOL49=09.8 
81 COMMENT EXTSOL50=09.7 
82 COMMENT EXTSOL5!=09.6 
83 COMMENT EXTSOL5,:O7.5 
8. COMMENT DAY LENGTH FOR 24 OEGREES N. LATITUDE 
85 COMPUTE DAYLI =10.7 
86 COMPUTE DAYL? =10.7 
87 COMPUTE DAYL3 =10.8 
88 COMPUTE OAYL4 =10.9 
89 COMPUTE DAYL5 =11.1 
90 COMPUTE DAYL6 =11.2 
91 COMPUTE DAYL7 11.3 
92 COMPUTE DAYL8 =11.4 
93 COMPUTE DAYL9 =11.6 
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94 COMPUTE 
 DAYL10=11.8
 
95 COMPUTE 
 DAYLI1=12.0
 
96 COMPUTE 
 DAYLIZ=12.2
 
97 COMPUTE DAYL13=12.4
 
98 COMPUTE 
 DAYL14=12.6
 
99 COMPUTE DAYL15=12.7
 

100 COMPUTE DAYL16=12.9
 
101 COMPUTE 
 DAYL17=13.1
 
102 COMPUTE DAYL18=13.2
 
103 COMPUTE DAYL19=13.3
 
104 COMPUTE DAYL20=13.4
 
105 COMPUTE DAYL21=13.5
 
106 COMPUTE DAYL22=13.6
 
107 COMPUTE DAYL23=13.7
 
108 COMPUTE DAYL24=!3.7
 
109 COMPUTE DAYL25=13.7
 
110 COMPUTE DAYL26=,3.7
 
III COMENT 
 DAYL27=13.6
 
112 COMMENT 
 DAYL28=13.6 
113 COMMENT DAYL29=13.5 
114 COMMENT DAYL30=13.4 
115 COMMENT DAYL31=13.2 
116 COMMENT DAYL32=13.1 
117 COMMENT DAYL33=t2.9 
118 COMMENT DAYL34=12.8 
119 COMMENT DAYL35=1 -.6 
120 COMMENT DAYL36-i2.6121 COMMENT i3,YL37=12.3
 

,: 122 COMMENT DAYL33=12.2 
123 COMMENT DAYL39=12.0 
124 COMMENT DAYL40=11.8 
125 COMMENT DAYL41=11.6 
126 COMMENT DAYL42=11.4 
127 COMMENT DAYL43=11.3 
128 COMMENT DAYL44=11.1 
129 COMMENT DAYL45=11.0 
130 COMMENT DAYL46=10.8 
131 COMMENT DAYL47=10.7 
132 COMMENT DAYL48=10.7 
133 COMMENT DAYL49=10.6 
134 COMMENT 
 DAYL50=1O.6
 
135 COMMENT 
 DAYL51=O.6
 
136 COMMENT DAYL52=10.6
 
137 COMPUTE DUMMY = 0
 
138 IF (YEAR EQ 1971) 
DUMMY 1
 
139 COMMENT
 
140 COMPUTE IYEAR=YEAR/iOo
 
141 COMMENT
 
142 COMMENT 
 CONVERT TO CENTIGRADE
 
143 DO REPEAT 
 XMXTP = MXTPI TO MXTP26/

144 XMNTP = MNTPI TO MNTP26/

145 COMPUTE 
 XMXTP = 0.55555*(XMXTP-32.)
 
146 COMPUTE XMNTP =0.55555*(XMNTP-32.)
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00 REPEAT REQUIRED 608 BYTES OF WORKSPACE.
 

147 END REPEAT
 
148 COMMENT 

149 COMMENT 

150 COMMENT 

151 COMMENT 

152 COMMENT 


CONVERT YIELD TO METRIC TONS PER HECTARE
 
AUSHY = .0922365*AUSHY
 
AUSLV = .0922365*AUSLV
 
AMCNHY =.O922365*AMON4HY
 
AMO.lV =.O9^2365*AMONLV
 

153 COMPUTE 

154 COMPUTE 

155 COMPUTE 

156 COMMENT 

157 COMMENT
 
158 0O REPEAT 

159 

160 

161 COMPUTE 

162 END REPEAT
 
163 COMMENT 


E.-OHY =.O922365*BOROHY
 
BOROLV .0922365*BOROLV
 
WHEAT .0922365*WHEAT
 

TRANSFORMATION OF WEATHER DATA
 

XTAV= TAVI TO TAV26/
 
XMXTP=MXTPI TO MXTP26/
 
XMNTP=KNTPI TO MNTP26/
 
XTAV=(XMXTP+XMNTP)/Z
 

REMOVE NEGATIVE RAINFALL
 

DO REFEAT REQUIRED 752 BYTES OF WORKSPACF.
 

O 
 164 00 REPEAT 

165 IF 


166 END REPEAT
 
167 COMMENT
 
163 COMMENT 


XPPCP=PRCP1 TO PRCP26/
 
(XPFCP LT 0) XPRCP=O
 

CALCULATE DELTA, THE PSYCHROMETRIC CONSTANT
 

00 REPEAT REQUIRED 304 BYTES OF WORKSPACE.
 

169 00 REPEAT 

170 

171 COMPUTE 

172 END REPE,'T
 
173 COMMENT 


X14=W1 TO W26/
 
YTAV =TAVI TO TAV26/
 
XN=0.27*(YTAV)**.02
 

CALCULATE CLOUD-NESS PATIO
 

DO REPEAT REQUIRED 528 BYTES OF WORKSPACE.
 

174 DO REPEAT 

175 

176 

177 COMPUTE 

178 END REPEAT
 
179 COMMENT 


XCLDAS = CLDNSI TO CLDNS26/
 
XSUNSH = SUNSHI TO SUNSH26/
 
XOAYL = DAYLI TO DAYL26/
 
XCLDHrS = XSUNSH/(XDAYL)
 

CALCULATE NET SOLAR RADIATION
 

http:XN=0.27*(YTAV)**.02
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180 COMMENT USING THE LINEACRE EQUATION
 
1&I tOMMENT
 

DO REPEAT REQUIRED 736 BYTES OF WORKSPACE.
 

182 DO REPEAT 

183 

184 

185 COMPUTE 


186 END REPEAT
 

YKSOL 

YCLDNS 

YEXTSOL 

YKSOL = 


KSOL1 TO KSOL26/ 
= CLDNS1 TO CLDNS26/ 

EXTSOLI TO EXTSOL26/ 
(O.27 +0.48*(YCLDNS))*(YEXTSOL) 

DO REPEAT REQUIRED 800 BYTES OF WORKSPACE.
 

167 DO REPEAT 

188 

189 

190 

191 COMPUTE 

192 END REPEAT
 
193 COMMENT
 
194 COMMENT 

195 COMMENT 


Fa 196 COMMENT
 
cn 197 COMMENT
 

XNSOL = NSOLI TO NSOL26/
 
ZKSOL = KSOLI TO KSOL26/
 
ZTAV = TAVI TO TAVZ6/
 
ZCLDNS = CLDNSI TO CLDNS26/
 
XNSOL = 0.74*ZKSOL-0.OO16*(1.2+O.8*(ZCLDNS))-(1OO-ZTAV)
 

CALCULATE EQUIUIBRIUM EVAPOTRANSPIRATION RATES BY THE
 
PRIESTLEY-TAYLOR EQUATION.
 

DO REPEAT REQUIRED 1080 BYTES OF WORKSPACE.
 

118 DO REPEAT 

199 

200 
Z01 COMPUTE 

202 END REPEAT
 
203 COMMENT
 
,04 COMMENT 


XEQET =EQETI TO EQET26/
 
ZW = WI TO W26/
 
ZNSOL=NSOL1 TO NSOL26/
 
XEQET = 1.26*ZW*ZNSOL
 

CALCULAT WATER STRESS INDEX FOR SPRING AND FALL
 

DO REPEAT REQUIRED 736 BYTES OF WORKSPACE.
 

205 00 REPEAT 

206 

207 

208 COMPUTE 

209 END REPEAT
 
210 COMMENT 


211 COMMENT
 

XDEF = DEF1 TO DEF16/
 
ZPRCP = PRCPI TO PRCPI6/
 
ZEQET = EQETI TO EQET16/
 
XDEF = ZPRCP-ZEQET
 

CALCULATE DEVIATION FROM OPTIMUM TEMPERATURE
 

DO REPEAT REQUIRED 480 BYTES OF WORKSPACE.
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212 DO REPEAT UDV'P = OVTPI TO DVTP26/
 
213 UTAV = TAVI 
TO TAV26/
 
214 COMPUTE UDVTP = AES(UTAV-C4.5)
 
215 END REPEAT
 
216 COMMENT SQUARE TEMPERATURE DEVIATION FROM OPTIMUM
 

DO REPEAT REQUIRED 512 BYTES OF WORKSPACE.
 

217 DO REPEAT XSDVTP = SDVTPI TO SDVTP26/
 
218 XDVTP = DVTPI TO DVTP26/
 
2t9 COMPUTE XSOVTP = XDVTP*~2
 
220 ED REPEAT
 
221 COMMENT
 
222 COMPENT
 
223 COMMENT 
 CALCULATE DURNAL TEMPERATURE RANGE
 

DO REPEAT REQUIRED 496 BYTES OF WORKSPACE.
 

224 00 REPEAT XDURT = OURTI TO OURT26/

225 
 TMXTP = rIXTP1 TO MXTP26/
 
226 TMNTP = MNTP1 TO MNTP26/

227 COMPUTE XDURT = TKXTP-TMNTP
 
228 END REPEAT
 
2Z9 COMMENT CALCULATE INTERACTION FOR OPTIMUM TEMP BY SOLAR RADIATION
 

DO REPEAT REQUIRED 720 BYTES OF WCRKSPACE.
 

230 DO REPEAT XQXT=QvT! TO QXT26/

231 AtI3OL:NSOL1 TO NSOL26/
 
232 ASDVTP=SDVTP1 TO SDVTP26/

233 COMPUTE XQXT=ASDVTP*ANSOL
 
234 END REPEAT
 
235 COMMENT 
 CALC. INTERACTION OF DIURNAL TEMPERATURE AND SOLAR RADIATION
 

DO REPEAT REQUIRED 720 BYTES OF WORKSPACE.
 

236 DO REPEAT KQXDU = QXDU TO QXDU26/
 
237 KNSOL = NSOLI 
 TO NSOL26/

238 KDURT = DURTI TO DURT26/
 
239 COMPUTE KQXDU = KHSOL*KDURT
 
240 END REPEAT
 
241 COMMENT
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DO REPEAT REQUIRED 
 720 BYTES OF WORKSPACE.
 

242 ASSIGN HISSING 

243 

244 

245 RUN SUBFILES 

246 REGRESSION 

247 


248 

249 STATISTICS 


***** REGRESSION PROBLEM REQUIRES 


250 READ INPUT DATA
 

!--1 
0't
 

BOROHYBOROLVWHEAT,hXTP1 TO MXTP26,MNTPI TO I1NTP26 (Oi,NSOLI TO

NSOLZ6,EQETI 
TO EQET26,DEFI TO OEFI6,QXDUl TO tlXDU26,SDVTPI TO
 
SDVTP26 (0), PRCPI TO PRCP26 (9999)
 
(JESS)
 
VARIABLES =BOROHY,IYEAR,MNTPIIDEFII/
 
REGRESSION =BOROHY WITH IlEAR(9),MNTP11(7),DEFIl(5)
 
RESID=O/
 
ALL
 

512 BYTES WORKSPACE, NOT INCLUDING RESIDUALS * **
 


