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YIELD AND PRICE RISK OF MAJOR CROPS IN BANGLADESH:
AN ECONOMETRIC ANALYSIS*

Quazi Shahabuddin**

ABSTRACT

In this paper, estimates of yield and price risk of different crops in some selected regions of Bangladesh
have been derived. The variance-covariance matrices of random disturbances associated with both
output and prices were estimated utilising aggregate time series data in four districts. The general
procedure adopted was to extract the systematic portion of aggregate time series so that the residuals
represented the estimates of random components from which the relevant variance-covariance matrices
were subsequently computed. Ranking of crops in terms of estimated variance of output disturbances
showed that jute occupied the top position, followed by wheat, aman rice, aus rice, IRRI boro, oilseeds
and pulses. This gives some idea of relative 'yield risk' of different crops in Bangladesh. Ranking of
crops in terms of estimated variance of price disturbances, on the other hand, showed that pulses occupied the
top position followed by oilseeds, jute, aman rice, IRRI boro and aus rice. This may give some idea of
relative “price risk of different crops in Bangladesh.

I. INTRODUCTION

To analyse farmers' decision making under risk, not only does one need
quantitative information about farmers' attitudes and behaviour towards risk, but
one must also evaluate the riskiness of alternative cropping patterns as well. This
remains true irrespective of the specific decision model chosen for analysing their
decision making behaviour. In this paper, attempt will be made to derive
econometrically estimates of random disturbances associated with both output and prices of
different crops in some selected areas in Bangladesh. This will throw some light on the
relative riskiness (both yield as well as price risk) of different crops and/or alternative
cropping patterns in Bangladesh.

*This paper is based on the author's Ph.D. dissertation.

*The author wishes to acknowledge his indebtedness to Professors D. Butterfield, D. Feeny and S.
Mestelman for their help and encouragement in this study, and an anonymous referee of the journal for
comments on an earlier, draft of the paper. However, he alone is responsible for "any errors that remain.
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In Section II, the estimating procedures are discussed, and the resulting estimates
of variance-covariance mattices of both output and price disturbances of different crops
are presented.  Based on these estimates, a comparison of yield as well as price variability
of different crops in four selected districts of Bangladesh is made in Section III. Sec-
tion IV summarises the main findings of this study.

L. ESTIMATION OF RANDOM DISTURBANCES ASSOCIATED WITH
OUTPUT AND PRICES OF DIFFERENT CROPS IN BANGLADESH

In estimating the random disturbances associated with both output and prices, one
would like to have time seties of farm level data on output and prices for vatious crops
from which one could extract the actual random disturbances oves time. Unfortunately,
howevet, we do not have the time seties data on farm-level inputs, output and
prices and hence we cannot compute the random disturbances in the way one could
ideally have done'. We have, therefote, been forced to devise some alternative
procedues utilising the information at our disposal. Our general approach has been to
try to extract the systematic component from the aggregate time seties so that we are left
with the estimates of the disturbance terms from which we can compute the relevant vari-
ance-covatiance matrices. The statistical procedutes adopted in our study and the resul-
ting set of estimates are described below with respect to both output and price disturba-
nices,

Estimation of Output Disturbances

Our obijective, as noted avove, is to extract the tandom component associated with
output, taking into account the effect that vatious conttollable inputs may have on output,
One of the most frequently used approaches to derive economettically the probability
distribution of yields, is to simply assume that agftegaté regional or district level data
coreectly reflect yield vatiations at farmer’s field levels, 2 Our procedure thus involves
the direct estimation of aggregate production functions using district level time saties
data on crop output, acteage and rainfall, both annual and monthly, for vatious crops in
each of the four selected districts in Bangladesh, By fitting production functions to time
Yeries dats, one can obtain not only an estimate of the mean of the frequency distribution
of yields for a given set of inputs but can also examine the residuals from the fitted equa-
tions for a given range of inputs to obtain estimates of higher moments. 'This is essenti-
ally the approach adopted in this sutudy.

The functional form chosen in our estimation of aggregate production functions
) ' « BT
was of the Cobb-Douglas type, Q =AL; e u; where Q, tepresents physical outptu
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of cgop j, L, represents acreage devoted to crop jand ?pT sepresents the growth of com-
plimeataty inputs like labour gud other purchased inputs for which o crop-wise time
series data were available, With rainfall data (both annual and monthly) incorporated,
different versions of our estimating equations took the following log-linear forms :

log Q=log Atalog LHRT-HY loglAR/AR)Hogu.ovovvvrs e (1)
log Q=log Aiﬁ-u 1og Lj+l5T+Yn log AR +-,logAR, )*4logu; ... @)
12 _
log Q ==log A4 alog Li-HiT-}-gali log (MR /MR)Hog ... BN E)
k k

log Qeclog 4,48 log L4T-+ 23, log MR,4 Ib, (g MR)"
< 1‘1. i=1 . -HOE ui““‘"(4)

Where AR, MR, , AR, and MR, sepresent the annual and monthly rainfall data and their
respective mean levels, T represents time-trend and k represents the crucial months iden-
tified for a particular crop on the basis of 4 priori knowledge regarding the sowing and
harvesting petiods of the crop.

These equations wete estimated using aggregated time series on crop output, acte-
age and rainfall for the petiod, 1948-49 to 1976-77, for different crops in each of the prt
selected districts in Bangladesh? It was observed that although the co-efficients of land
and those of the time trend (which captuges the growth of other complimentary inputs)
were usually significant, the estimated coefficients of rainfall, either in anaual o monthly
form were seldom statistically significant in any of the areas studied”. Perhaps the time
period was not sufficiently long to capture the significance of the tainfall variable in explain-
ing the variability of output for any of the crops estimated®.

A
In computing the regression tesiduals, :15‘ as (log Q—log (Ath ), whete log QiF

log Aié};long-}éT, therefore, we have decided to generate two  alternative sets of
estimates of output disturbances in this study.

(i) Set Tincludes tainfall as an independent vatiable. Of the four versions estima-
ted, the one with the highest R? was chosen for each crop in all four districts. In compu-

A .
ting u, ’s, of couse, the ftted values of output were derived using the estimated coeffi
cients of the controllable inputs only, so that the egression residuals toflect the random
component of output fluctuations over time,
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" (@) Set I excludes rainfall data, This alternative set of output disturbances were
I computed to check for any bias in the estimated coefficients that the omission of weather
~ watiables from the regression equation might cause.

Using these two sets of estimates of output distutbances, u 5, then, the sets of
varisnce-covatiance matrices were computed for the relevant crop “portfolio in each of
our four sclected districts in Bangladesh. Estimates of set I ate presented in Table 1,
thoso of st Il are not presented because of the similarity with set I,

TABLE | - ESTIMATED VARIANCE-COVARIANCE -MATRIX OF OUTPUT
DISTURBANCES FOR DIFFERENT DISTRICTS

Sylhet District o
. S Local Aus  Local Amian
Local Aus 013 .002
Loaal Aman 002 B 172
Pabna District
Local Aus Local Aman Jute  Pulses Oilseeds.
Local Aus 0% 015 015 .05 -.005
Local Aman 015 .035 007 0 -.00 £.001
Jute 015 007 039 -.004 -.005
Pulses -.005 -.005 -.004 .006 -.001
Oilsceds -.004, -.001 -.005 001 . -.007
Fytidpur District
Local Aus  Local Aman  Jute Pulses Wheat
Local Aus 010 -.003 003 -.0002 -.002
Local Aman -.003 .026 .006 -.003 -.006
Jute .003 .006 032 -.004 -.0001
Palses -.0002 -.003 -.004 -.006 -.005
Oilsceds -.002 -0.006 -.0001 .005 .034
Mymensingh District
Local Aman  Jute IRRI Boto
Local Aman 014 0002 -.003
Jute .0002 0.037 002
IRRI Boto _ -.003 .002 017
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" Based on these estimated variances and covasiances of output disturbances of dif-
erent crops in four districts we may make the following observations : -

(a) Ranking of ctops in terms of estimated variances of output disturbances (aver-
age of four districts) shows that jute (.036) occupies the top pos ition, followed by wheat
(:034), aman rice (.025), aus tice (.019), IRRI boro (.017), oilseeds (.007) and pulses (.006).
"This may give some idea of relative ‘yield risk’ of different crops in Bangladesh, jute being
the most risky in the set and pulses the least. . :

() A good number of covariance terms record negative values in the estimated
matrices, patticularly in Pabna and Faridpur districts. These mainly occu in those cases
pairing with pulses and oilsecds in Pabna, and pulses and wheat in Faridpur.

(¢) Between the two sets of estimated matrices (results of Set Il are not shown in
the text), one does not observe any significant differences cither in the magnitudes of esti-
mated variances or in the sign and magnitudes of estimated covatiances in any of the ’
aress studied, This shows that the omission of weather vasiables did not cause aoy sig-
nificant bias in the estimated coefficients.

Exstimation of Price Disturbances

From a statistical point of view, the estimation of price disturbances is easier than
the estimation of output disturbances because the regional time series presumably do not
differ appreciably from the time series of farm-gate prices. In estimating the price dis-
turbances of different crops, using regional time series of grower's prices, we employed
2 vasiant of the Netlovian expectation model which yields an estimating equation of the
following form :

log P do+-h T4, logP, 14,

where log P,and log P, _, represent logatithms of the regional ptice of the ith crop
at periodtand t-1 respectively, T represents the time trend a0d ¥ the random
disturbances affecting the price of ith crop at time t.

. . » 0 ’ A )
As with output disturbances, estimates of ptice disturbances, v, were derived as
A v A
(log P, ~log P, ) where log P, represents the fitted values. Using these point estimates,
the relevant variance-covatiance matrix for each district was computed.

Using a time seties covering the petiod between 1963-64 and 1978-79, the coefficients
were estimated for each crop in the four selected districts. 1t was obsesved that the coe-
fficients of lagged price were hardly significant, the exception being the jute and mofr

.
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pulses in Pabna and Paridpur districts®. No evidence of the formation of farmer’s price
expectation, naive or otherwise, could, therefore, be established in our data set.

ESTIMATED VARIANCE-COVARIANCE MATRIX OF PRICE
DISTURBANCES FOR DIFFERENT DISTRICTS

Local Aus
Local Aman

Local Aus
Local Aman
Jute

Pulses(Motor)
Oilseeds

Local Aus
Local Aman
Jute

Pulses (K)
Pulses (M)

Local Aman
Jute
IRRI boto

Pulses(Keshari)

Sylhet District

Local Aus Local Aman
.068 07
i 103
Pabna District
Local  Local  Jute - Pulses  Pulses  Oi-
Aus Aman (Kheshari) (Motor) ~ seeds
070 072 030 .058 042 067
072 087 015 .059 .030 074
030 015 .099 .037 095 057
038 059 037 J129 101 110
.042 .030 .095 Jor - I 089
.067 074 057 110 089 122
Faridpur District
Local Aus  Local Aman  Jute Pulses(K)  Pulses(M)
072 071 030 070 037
07 082 011 .081 025
030 011 099 027 097
070 .081 027 141 095
037 025 097 .095 066
Mymensingh District
Local Aman Jute IRRI boro
087 02 701
02 099 Q11
071 011 07
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‘ The estimated coefficients of the time trend variable, on the othet ‘hand, wete found
to be highly significant in almost all cases. Our measuze of price change variability as
b aptured in the regression residuals, vft, should thus be viewed as random fluctuations
around the trend values over a given time period. 7 Based on these estimates of price dis-
" turbances, variance-covariance mattices for the televant crop portfolio in each of our
four selected districts were computed ( Table 2).

Based on these estimated matrices of variance and covariance of price disturbances
for different crops, we may make the following observations :

() Ranking of crops in tetms of the estimated variances of price distutbances
{average in four districts) shows that pulses ((.153) occupies the top position, followed
by oilseeds (.122), Jute (.099), aman rice (.090), IRRI boro (.071) and aus rice (.070).
This may give some idea of the relative ‘price tisk’ of different crops in Bangladesh. It
is significant to note that pulses and oilseeds which were ranked in the bottom in terms
of output disturbances, occupy top two positions in terms of vatiability of price

disturbanees.

(b) The magnitudes of estimated variances (also covatiances) of price disturbances
- are observed to be much higher than those of output disturbances. This is true for all
- crops in the four selected districts. Therefore, ‘price risk’ of different crops in Bangladesh
is observed to be much greater than the ‘yield risk’ in our study. ®

(c) Unlike output disturbances, all the estimated covariances of different crop-
paits for pice disturbances record positive values in each district. Since the magnitudes
of covatiances associated with price disturbances are much greater than those associated
with output disturbances, this means that the sign of income covatiances will for the most
patt, be dictated by positive values of price covariances.

T A COMPARISON OF YIELD AND PRICE VARIABILITY OF DIFFERENT
CROPS IN THE SELECTED AREAS

Even though farmers ate interested in the vatiability of crop returns (and not simply
output or ptice vatiability) and ultimately in the variability of returns from a pasticular
crop portfolio, some preliminary obsetvation about the riskiness of output and price of
various crops actoss different areas may be made based on these estimated vatiance-covati-
ance matrices. ° To do so, however, it becomes necessary to teatrange the informaion
contained in these matrices to reflect the relative variability of output and prices in different
areas. ‘This is done below in Tables 3 and 4 respectively.

.
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“TABLE 3 RELATWE OUTPUT VARIABILITY OF DIFFERENT CROPS IN
VARIOUS DISTRICTS IN BANGLADESH :

Crops

Districts Aus Rice AmanRice Jute  Pulses Oilseeds ~ Wheat IRRI boro

Syhet 02 077 — - - - -

(10.96) ’(8.45)

Pabna 034 029 .040 .006 .006 S
(18.13) (16.81) (199 (7.61) (1.99)

Faridpur 009 026 0B 006 - i B
0.66) (15.9) (15200 (1.70) (17.88)

Mymen- — 013 030 - - - 016

singh (10.95)  (17.00) (12.49)

Note : The figutes in the parentheses indicate coefficients of vatiation (in petcentages) of random com-
poneats of output for each crop in different districts.

(i) Ttis evident from Table 3 that the relative variability as captured in the coe-
ficients of variation of two types of tice, namely aus and amaen (the former harvested in
summet season and the latter, in wintes) is very similat in both Sylhet and Pabna districts.
Only in Mymensingh does aman show geeater variability as compated to the ass rice.

(i) 'The output vasiability of the jute crop, on the other hand, is slightly higher
than either aus ot aman tice in Pabna, In Faridpur, the output variability of jute, though
very much compagable to aman, is decidedly higher than that estimated for aus tice, its
competing crop in the summer season. In Mymensingh district, again, the variability
of jute is observed to be much higher than that of aman sice. Unfortunately, however, we
do not have any estimate for the output variability of aus in Mymensingh, with which to
make 2 more meaningful compatison with jute. ) :

(iii) 'The output variability of pulses is the lowest of all three ctops in both Pabna
and Faridpus districts, This is also the case with oilseeds in Pabna district.

Whest, the other winter crop, has, sather surprisingly, & relatively greater output
vatiability in Faridpus district, while the estimated co-efficients for IRRT bors, a high yileld

ing variety of rice records a lower value as compated to jute crop in Mymensingh.- -~

.
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— TABLE 4 RELATIVE PRICE VARIABILITY OF DIFFERENT CROPS N
: VARIOUS DISTRICTS IN BANGLADESH

v‘ Districts . Crops

: AusRice  AmanRice Jute Pulses Oilseeds IRRI Boro
Fosbe 3 om0 - - -
g 29.3%) (@89

® Pboa 109 204 12 10409 16 —
GLT) (2.8 @145 395245 (.47
 Reidpr B3 0 ap e - -

E B3 BB @) R4

- Mme 158 AT R - 0
f ooy (39.97) (41.46) (31.92)

: Note : The figures in parentheses indicate the coefficient of variation (in percentage) of tandom compo-
neata of price for each crop in different districts,

() Tt is quite evident from Table 4 that the estimates of price vatiability of amas
B rice are larger as compared to axs tice in all three districts, namely Sylhet, Pabna and Farid-
© pur whete such comparisons could be made. The price variability of jute ctop, on the
-+ other hand, though very much comparable to amar rice, is obseved to be much highes,
t inboth Pabna and Pasidpur d1stncts, than that recorded for ans tice, its competing crop
pin the summer season. This may have some implications for acreage decisions for food
: vis-a-vis cash crop for the farmers in Bangladesh in so for as the relative price varisbility
¢ of the two crops effct their allocation decisions. !0

3 (ii) 'The two types of pulses, namely kbesarf and motor show considetable variation
- in estimates of thei price variability, the latter type displaying greater vatiability in both
j Pabna and Fasidpur districts,  Also, this type is obsezved to show a degree of price vasia-
- bility which is much higher compared o all other crops in these districts. The estimate

b of the price variability of oilseeds in Pabna, on the other hand, is very much comparable
L to those obtained for all crops except, of course, mosor pulse and aus rice in the district.

£+ The estimate of price variablity for IRRI boto is the lowest among all threc crops in-
f Mymensingh district.

3 (i) - As obsetved eathcr, the estimates of price variability of different crops ate
. much lugher than their output variability in each of the four districts studied. Also, for

,‘5
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each crop, the degree of vaisbility seems to be more uniform across the four districts
for price disturbances as compared to output distutbances.

t

Admittedly, our estimates of output variability contain some downward bias introd-
ced by the use of aggregate (time series) data which tend to underestimate yeat o year
varisbility in farmer’s yields. However, this may not account for such a lazge differential
in the estimates of variability between these two types of disturbances. It may be mote
plausible to conclude that for the farmers in Bangladesh, the relative riskiness of different
crops.as messured by their price variability is pethaps greater than  those measured by

their output variability."

IV. SUMMARY AND CONCLUSIONS

In this study, attempts have been made to derive estimates of some of the essential
components of any decision model designed to analyse fatmers’ sesource allocation deci-
sions under risk. This relates to the estimation of variance-covaiance mattices of tandom
disturbances associated with both output and prices of different crops in some selected
districts in Bangladesh. The general procedure adopted was to estract the systematic
portion of aggregate time secies 5o that the residuals represented the estimates of random
components from which the relevant variance-covariance mattices were subsequently

computed.

In estimating the output disturbances of different crops, an aggtegate production
fanction of the Cobb-Douglas type incorporating both annual and monthly rainfall data
was employed. However, although the coefficients of land and time trend variable were
found to be highly significant in most cases, out exercise failed to capture the significance
of sainfall variables in explaining the vatiations of aggtegate output in any of the disticts
studied. Ranking of crops in terms of the estimated variances of output disturbances
show that jute (.036) occupies the top position, followed by wheat (034), aman tice (023),
ans sice (.019), IRRI boro (.017), oilseeds (.007) and pulses (006). This gives some idea
of the relative ‘yield risk’ of different crops in Bangladesh.

In estimating price disturbances of different crops using regional time seies of grower’s
ptices, & vasiant of the Nerlovian expectation model was used. No evidence of forma-
tion of farmer’s price expectation, naive ot otherwise, could be established in our data set,
except in the case of jute and pulses. The estimated cocfficients of the time trend variable,
however, was found to be highly significant in almost all cases, implying that our estimates
of price disturbances should be viewed as random fluctuations around the trend values
over this period, Again, ranking of ctops in terms of estimated vatiances of price distur-
bances show that pulses (.153) occupies the top position, followed by oilseeds (.122),
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 of the relative ‘price risk’ of different crops in Bangladesh. It is significant to note that
- pulses and oilseeds which were ranked in the lowest two categories in terms of ‘yield risk’
| now occupy the top two positions when ranking is done in teems of ‘price 1isk’,

. Tt is quite evident that the ‘price risk’ of different ctops are greater than their ‘yield
b sk in the four districts studied. However, the relative riskiness of different crops should
" be studied not in terms of variances of output distutbances ot ptice disturbances alone, but
in teems of distutbances affecting farmers’ income. 'This may be derived by suitably com-
bining the estimated vatiance-covariance matries of outputand price distutbances of different

' the extent of interdependencies between these two types.of disturbances. This isa matter
. which is expected to be taken up in a subsequent study.

Notes :

1. Tafact, there is no such ideal procedure but thete cxiats several procedures depending on the type
of data (cconomic, agronomic, experimental etc) available. Re et (1976) provides an ezcellent te-
view of such procedures for estimating tisk, and also suggests a new procedute which, howeve, is
quite data-demanding.

2. Some of the weaknesses associated with this approach are :
(s) Aggregate regional data tend to underestimate yeaf to yeat variability in fafmeis fields.
(b) Fatm household’s perceived vatiability of output (subjective probability distribution of yields)
may be quite different from the one captured in the regtession residuals reptesenting an objective
probability distribution on yields.

3. For the detailed set of estimated regression equations fot various crops in fout districts, se¢ Shahiab-
uddin (1982). Soutces of data used in the study include Agricultural Production Levels (1947-72)
and Yearbook of Agricultutal Statistics (1976-77) published by the Banpladesh Bureau of Statistics,
Govt. of Bangladesh. In this context, it may be aoted that the reliability of such data upto 1963/64
has been seriously questioned and were later revised. However, such revised time series wete fiot
available to the authot while estimating the model, not was he aware of such deficienciesin the pub-
lished data at the time.

4. 'This was also confirmed by a Factor Analysis whete no evidence of any significant inteffelationship

on the othet, wete found in our data set.

5. Also, pethaps high level of aggtegation i the time series data used and/or lack of hetefogeneity in
the data base was partly tesponsible for this, For example, crops could have been distinguished by
theit varieties and/or tainfed crops could have been separated from the itrigated ones to imptove the
seliability of the estimates and also to make the analysis more meaningful in investigating the ‘yield
risk’ of different ctops in Bangladesh.

A

jute (.099), aman sice (.090), IRRI boto (071) and aws rice (070). This may give some ides

crops in each area. How these matrices should be combined in furn would depend upon

among crop output and acteage on one hand, and the sainfall data, cither in annual or monthly form, °
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As no district-wise breakdown of time seies of prices wete available for jute, the ‘tepressfors ere
sun for Bangladesh as a whole, though covering  longer time petiod. - Time series data. on giowers’
peices for various ctops (except jute) in each district were collected from the Agticultutal Macketing

Disectotate, Govt. of Bangladesh. All-Bangladesh figures for jute were colleted from the Jute

Matketing Dij Govt. of Bangladest

. Admittedly, price change variahility represents a crade measute of price unéeﬁainty and a more
sophisticated aaalysis might contain an explicit model of formations of price expectations based on th®
stochastic properties of the time series. Sec Klein (1978). e

This underscores the greater need for adopting buffer stock policies andfor other approptiate price
stabilization schemes to mitigate the impact of vatiability in apticultural prices facing the farmers in
Bangladesh,
. This is because their actual acteage choige among diffetent crops would depend, among others, on
the relationship between expected teturn and the vatiability of tetums to. akternative crop portfolio.
Algo, this provides some rationale for incotporating proper ‘risk variables’ in the acteage determina-
tion andfot supply response models for these crops in Bangladesh.
As emphasized earlier, what is impottant for anglysing acteage decisions of the farm households under
uncertainty is neither output nor price vatiability . separately but the variability of farmer’s income

~ from different crops or more significantly, of alternative ctop portiolios relative to theic expected
incomes. ’
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