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SMALL FARM PLANNING UNDER RISK : AN APPLICATION OF
PARAMETRIC LINEAR PROGRAMMING

M. S. Alam
S. M. Elias
S.M.M. Murshed

ABSTRACT

The present study was undertaken at the farming systems research area of Jessore district to evolve risk
efficient plans. Results of risk programming demonstrate that higher gross margin, labour employment and
tractor/power tiller utilization were associated with higher risk. Land utilization increased along with the gross
margin-risk frontier. Capital borrowing increased the risk bearing ability of the plans. Capital investment
gradually increased with the increase in gross margin and risk. The results showed direction of resource use for
minimizing risk at various levels of gross margins. Thus, the results would help in suggesting suitable
production plan for the small farms. The farmers can choose the plans according to their personal attitude to
risk. This knowledge regarding alternative opportunities corresponding to risk can be of immense help in farm
decision making under risky situations.

I. INTRODUCTION

Linear programming is a mathematical model with a linear objective function, a set
of linear constraints, and nonnegative variables (Anderson, Sweeney and Williams,
1985). There is substantial body of literature on the application of linear programming to
examine the potentialities for improving income and employment under conditions of
certainty. There is little evidence of any effort to inquire into the possibilities of
maximizing income under conditions of uncertainty. The world is really marked by risk
and uncertainty due to variability in yields and prices. Maximizing farm returns under
these conditions by suggesting an efficient enterprise system is considered as one of the
important ways to improve the growth prospects of the farm-firms (Singh and Jain, 1983).
The present study was, therefore, undertaken to workout risk efficient plans in a farming
systems research area of Jessore district.

The paper has been organized in four sections. The data and the model are discussed
in section Il. Some results pertaining to the optimum plans with miniized risk are
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presented in section III. The conclusions and policy implications of the paper are
provided in the final section.

II. THE DATA AND THE MODEL

Sources of the data

Both primary and secondary data were used for the study. Primary data were
collected through farm survey from a sample of 150 small farms at the Bagherpara
Farming Systems Research (FSR) site, Jessore. The FSR site consists of eight villages,
namely Dadpur, Debinagar, Rustompur, Bolarampur, Syed Mamudpur, Darajhat,
Budhpur, and Parkul. At first, all farmers in the study area were listed according to their
land holdings so as to identify the small farmers. In all, there were 301 small farmers in
the study area. The list of the small farmers was arranged in order of possession of land
area from 0.51 to 2.49 acres. Then, 150 small farmers were selected from the list by
systematic sampling method. Each farmer was personally interviewed with the help of
pre—tested interview schedule designed for the study. Data pertaining to one agricultural
year 1989-90 were collected from the sample farmers. This period covered three rice crop
seasons namely Aus, Aman and Boro, and a truncated picture of other farm enterprises
falling within this period. The sample farms were classified into pure owner and owner—
cum—tenant farms. Pure owner farms were those cultivating their owned land and owner—
cum-—tenant farms were those cultivating rented—in land along with whole or part of their
owned land.

Secondary data of yields of different crops for 17 years from 1973-74 to 1989-90 of
Jessore district were used for the study. Yields of different crops were collected from
various published sources (BBS 1985, 1987, 1989 and 1993; and Hamid, 1991).

The model

The optimum plans that could be obtained with the help of deterministic linear
programming technique do not take into consideration the stochastic nature of the
enterprises. Parametric linear programming similar to MOTAD (minimization of total
absolute deviations) can incorporate the risk element associated with the enterprise gross
margins. The E-V (expected income-variance) frontier of quadratic programming was
replaced by E-A (expected income—mean absolute deviation) frontier in the MOTAD
model which also takes note of the utility function of the farmers. Therefore, parametric
linear programming similar to MOTAD has been applied in this study. The mean absolute
deviation of the activity gross margins was considered to represent the risk attached with
these enterprise gross margins.
Mean absolute deviation was defined as:

S n

A= S_l X z (Ch_| _gj) Xj ............ (1)
h=1 =1
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where,
A = estimated mean absolute deviation
S = number of gross margin deviations

Gy = gross margin of the j activity in hth year
g = sample mean of gross margins of j activity
x; = level of j activity.
Since 'S' in equation (1) is constant, Hazell (1971) suggested minimization of SA —
the total absolute deviation. Now, equation (1) takes the form :
S n

SA =3 |z (Cyj -gx | 2)
h=1 | J=1

However, in the present study, since the trend component was predominant in gross

margin series, following Hazell, a slight modification was made in the original model. In
place of g, the present study used 8 to mean the trend of gross margins of the j activity

in ht year.
Thus, the model took the form:
S n
SA = 1 Co-sdx 3)
h=1 | =l

Where, SA means the sum of the absolute trend deviations of the gross margins.
Objective function

The objective in the parametric linear programming was to minimize the absolute
trend deviations of gross margins subject to the constraints. The objective function used

was of the following form :
v

Minimize Zo = XY,
h=1
where,
Zo = absolute total trend deviations

Yy
Resource Constraints or Resource Supplies

Six restrictions were incorporated in the model. These were land, human labour,
bullock labour, tractor/power tiller, capital and minimum cereal requirement constraints.
A datailed discussion on the formulation of these constraints can be seen in Alam (1994).
In addition to the usual constraints of the linear programming model, the MOTAD
formulation involves two more constraints, namely gross margin deviation constraint and
expected gross margin constraint.

absolute negative trend deviations for the hh year,

Gross margin deviation
The MOTAD model requires time series of gross margins for the activities in
question. Gross returns were calculated for various crops based upon 17 years time series
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data on yields and constant harvest prices prevailed in 1989-90. Gross margins were
obtained by deducting the constant costs of production based on constant input prices for
198990 from the gross returns. The assumption of constant cost over the years was
indispensable since costs for different years were difficult to obtain. This constant cost
assumption has been made by many researchers in their studies. Data on mukhikachu
cultivated by farmers were available for 13 years. The data for rest of the years of the
series were generated by linear extrapolation.

The gross margins of the crops so obtained were then tested for the presence of trend
using the equation Y = a + bt. In the present study, the gross margins of the crops were
later subject to test for normality. Numerous methods are available for testing the
normality of a sample. Two commonly tests are Shapiro—~Wilk and Lilliefor. The Lilliefor
test is based on a modification of the Kolmogorov—Smirnov test for the situation when
means and variances are not known but must be estimated from the data. The Shapiro—
Wilk test has been found to have good power in many situations when compared to other
tests of normality (Conover, 1980). For this study, Shapiro—Wilk and Lilliefor tests were
used for testing as to whether the gross margins were normally distributed. It should be
mentioned here that only yield risk was considered for calculating the gross margins.

The gross margin deviation constraint used in the model was specified as below :
n

Z(Ch—gnp) X+ Y20 (for all h; h=1,2,....... , 17)
i=1
where,
Cp; = gross margins of j'h crop activity in h' year
gy = trend of gross margins for j' crop activity in h'" year
Y, = absolute values of negative trend deviations for the h't year

Expected gross margin

The trend of gross margins for crop activities was used as the expected gross margin.
Cost of hired human and bullock labour, hired tractor/power tiller and borrowed capital
were deducted from this expected gross margin as in linear programming model and

accordingly, the gross margin constraint took the following form:
8 5 2 4

Z % - Wylo— 2 WpK,—Z WaPt —Z rM, =L
=1 t=1 t=1 t=1 =1
where,
f; = expected (trend) gross margin for j* crop activity
8
Z WL, = cost of hired human labour in t' period

=1
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5
Z WK, = cost of hired bullock labour in tth period

t=1
2

Z W4P, = cost of hired tractor/power tiller in t period

t=1
r = rate of interest for six months

4

Z 1M, = costof borrowed capital in th peroid
t=1
A = a scalar.

‘A' ranged from O to some maximum value defined specifically for each tenurial
group of the small farms separately. For each of these defined levels of gross margins, the
sum of absolute negative trend deviations were minimized subject to the constraints
dicussed so far.

To have a clear perception about the income mean deviations, standard deviation
and coefficient of variation were calculated. Standard deviation = d [ & s/2(s-1)]!/2
where,
the estimated mean absolute deviation

T o= 22/7

S = number of observations in the sample.

Coefficient of variation of gross margins which is the ratio between the minimized
risk (standard deviation) and the expected gross margin was also calculated.

Considering the objective function, linear programming constraints, gross margin
deviation and expected gross margin constraints, the parametric linear programming

model similar to MOTAD-II was specified as follows:
m

Minimize Zo = Z Y;

(=2
n

h=1
Subject to
L Tl <L (Land)
J s=1,2..... ,72)
2. % hx-Li<H (Human labour)
J (t=1,2,34,56,7,8)
3. 2 bjt x; - K, < B, (Bullock labour)

i
(t=1,23,4,5)
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4 X dyx;—-P, <D, (Tractor/power tiller)
’ (t=1,2)

5 £ G x;— M, < C, (Capital)
’ (t=1,2,3,4)

6. ¥ fi x, > FMin) (Minimum cereal requirement)
k

l& 7 = (GCyj — gnj) Xj+ Y, 2 0 (gross mar. deviations of crop activities ; h=1, 2, . . . ., 17)

- 8 5 2 4

P 8 X fixi—-Z WoL,— Z W,K,— = WaP —Z tM; = A (Expected gross margin) «
| j=1 t=1 t=1 t=1 t=1
and

Xj, Yh, L, K, P, M,, 2 0 (For all j, h and s)

The model could be solved on conventional linear programming (LP) codes and this
would generate a set of farm plans which were efficient for expected income with

minimum absolute income deviation.

ITII. ANALYSIS OF RESiJLTS

The available farm resources were allocated optimally among different crops under
conditions of risk on two tenurial groups of small farms at two levels of capital
availability (i. e. existing and borrowed). The dual objectives of minimization of risk, and
attainment of the expected level of income defining the utility function of the farmers
i were kept in mind while deriving these optimum plans. With the help of gross margins
] equation, the gross margins were parameterized by increasing them by a constant
3 increment of Tk. 300.00. The results of the analysis are presented in Tables 1, 2, 3 and 4.

Risk and gross margin

In this study, the farmers were classified as risk averters, average risk bearers and
nisk preferers based on their attitude towards risk. Risk averters are likely to choose those
plans with less risk and are content with lower returns. Average risk bearers are prepared
to bear certain amount of risk with certain high income. Risk preferers are more
enterprising and they prefer those plans which contain highly risky outcomes.

On the pure owner farms under existing capital situation, gross margin increased from
Tk. 3400 to Tk. 4340.81 in the efficient plans (Table 1). As the 8ross margin increased,
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risk, as measured by standard deviation, also increased (Figures 1, 2, 3 and 4). It is
evident from Tables 1 and 2 that coefficient of variation also increased along the gross
margin-risk frontier. The final plan in each case carried the largest gross margin with the largest
coefficient of variation. Due to relaxation of capital supply, gross= margin increased from Tk.
4300 to Tk. 6610.25 in the efficient plans (Table 2). The pr )cess of optimization under risk
generated a maximum income of Tk. 6610.25 which was less than the income that could be
generated under conditions of certainty. As the gross margin increased from Tk. 4300 to
6610.25, the minimized risk increased from Tk. 261.45 to Tk. 716.33. As a result, the
coefficient of variation increased from 6.08 to 10.84%. This indicates that risk increased
at a faster rate than gross margin. It is to be noted that in the beginning plans smaller
incomes (gross margins) were expected with greater concern for risk, but as larger incomes
were expected in the later plans, concern for risk decreased. Therefore, in the beginning
plans less risky crops occupied more area while more risky but remunerative crops started
appearing with larger area in the later plans. This phenomenon indicated the forward gross
margin-risk movement over the efficient plans. Hence, the beginning plans were suggested to
the risk averters, the intermediate plans to the risk bearers and the last few plans to the risk
preferers.

On the owner-cum-tenant farms under limited capital situation, an expected income of
Tk. 4300 could be obtained with a standard deviation (risk) of Tk. 275.15 which
resulted in the coefficient of variation of around 6%. Comparison of this with Plan-4 in the
case of the pure owner farms indicated that the same income of Tk. 4300 was attained
with a higher level of risk of Tk. 528.68. The coefficient of variation was around 12%. In the
last plan, gross margin was Tk. 7005.98 with a standard deviation of Tk. 987.62.
Coefficient of variation increased over the efficient plans thereby indicating a faster
movement in risk than gross margin (Table 3). Due to the relaxation of capital, an expected
income of Tk. 7600 was associated with a risk of Tk. 623.86 resulting in a coefficient of
variation of around 8%. As the gross margin increased from Tk. 7600 to 10213.47, the
standard deviation increased from Tk. 623.86 to Tk. 1403.65 (Table 4). This resulted in an
increasing coefficient of variation. The maximum gross margin could be attained by the
owner-cum-tenant farms was Tk. 10213.47 as against Tk. 6610.25 in the case of the pure
owner farms. The coefficients of variation were around 11% and 14% for pure owner and
owner-cum-tenant farms respectively (Tables 2 and 4).

Inter-tenurial group comparison of the results indicated that the efficient plans of the
owner-cum-tenant farms carried lower coefficients of variation than those of the pure
owner farms. This indicates that there existed greater scope for stabilizing income on the
owner-cum-tenant farms which was neither too resource intensive nor too resource scarce.
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Risk, land utilization and cropping pattern

On the pure owner farms under existing capital situation, the process of resource
optimization with risk minimization resulted in five efficient farm plans, each one
representing a different combination of gross margin and risk. Total cropped area
gradually increased from 64.35 decimals in Plan-1 to 90.69 decimals in Plan-4. In PlanS,
it decreased slightly. In Plan-1 the cropping intensity was 86%, while in Plan-4 it was
121% (Table 1). In high land under non-irrigated situation, the efficient plans represented
allocation of land in broadcast aus (MV), transplanted aman (MV), mustard, mukhikachu
and sweetgourd. In this land type, broadcast aus (MV) was the dominant crop which
occupied about 19% to 25% of total cropped area. The next dominant crop was mustard
which occupied about 12% to 21% of total cropped area. It was expected that the
acreage under broadcast aus (MV) and mustard would increase gradually with the
increase in risk from Plan-1 to Plan-5. But no such relationship was found. In Plan-1
and 2, whole of the land was not utilized, while in other plans, land was utilized fully
(Table 1). In high land under irrigated situation, broadcast aus (MV), brinjal (summer),
brinjal (winter) and bittergourd entered into the efficient plans. Brinjal (summer) in
the first plan, broadcast aus (MV) in the first two plans and bittergourd in the last
three plans totally disappeared. In this land type, brinjal (winter) occupied about 4% to
7% of total cropped area. Bittergourd was found less risky crop and broadcast aus (MV)
was found more risky crop in this land type. It is noted that the whole area of this land
type was utilized in all the plans. In medium high land under non-irrigated situation, the
efficient plans allocated only transplanted aman (MV). This crop occupied about 38%
of total cropped area in Plan-1 and its area gradually decreased and in Plan-5, about
19% of total cropped area was utilized. Transplanted aman (MV) occupied a major
portion of total cropped area. It is noted that in Plan-4 and Plan-5, total area of this
land type was not utilized. The opposite result was found in medium high land under
irrigated situation. In this land type, the whole area was utilized in Plan-4 and Plan-5.
The efficient plans suggested for the allocation of transplanted aman (MV), boro (MV),
wheat' (MV) and potato (MV). Transplanted aman (MV) and potato (MV) were found to
be dominant crops in this land type. Transplanted aman (MV) was found to be the most
risky crop in this land type because in the first three plans, no area was covered by this
crop. In medium low land under non-irrigated situation, broadcast aman occupied about 1%
of total ciopped area in Plan-1 and then it totally disappeared. In medium low land
under irrigated situation, boro (MV) covered the whole area of this land type in the
first two plans and then totally disappeared.

On the owner-cum-tenant farms under existing capital situation, 10 efficient plans
appeared with various combinations of gross margin and risk. Total cropped area
gradually increased from 82.53 decimals in Plan-1 to 154.75 decimals in Plan-10. In the



31

Alamet. al.

Small Farm Planning Under Risk

(6v°0) €y'9)
- - - LEO Si't sjewirsa(g panoSionig
(Ts's) (6T°S) (61°L) v'9) (19°¢)
66t 08+ 9 484 TET s[ewroa(g (wim) refung
&9 1) +8°1) (€0°0) acn
81 L9L €0°0 8T'L = s[ewrro2q (rowrung) refurig
9 1) +8°'1) (€0°0)
8t 1 L9T €00 - - s[ewrsa(g (AW sny "9
(08°'8) (L6'8) sz (T9°8) (90°01)
S6°L +1'8 0$9 LY'9 LY9 s[ewroaq (payeSuiay) pue| ysigy
¥ or1) €L 1n (8+01) (18°¢) [C1<0)]
€6 9901 8€'6 98°C 9€0 s[ewroaq pInosiooms
oL L 'L 00°%) s v) (€v°6)
L6'9 8L'9 69'C 6€°€ LO9 s[eurroag nyovyIYyNnp
(19°00) oz 61) (88°020) WS 1)
+9°81 v Ll 6981 99'8 - sfewoaq pIeisny
aLo (T8'$) (s6°S) (8t°6)
ST = 1Ts ot 019 sfewrrosg (AW) uvwy "1,
(19°02) zen) (88°00) L +2T) vT'61)
+9°81 I+L1 69°81 €S°81 6£°CL sjewoag (AW sny g
(€0°'29) (€9°LS) (90°'19) (TS 08) (€L°8€)
€1°9S 9T°TS 99°+S 06'LE 6P s[ewroaqg (payedar—uoN) pue] ysig
sdoid 1opun vory 4
8L°CT1 6Z°C1 966 o6 06°L uadIdg UONELIBA JO JUIIDIJJI0)D) €
16 +SS 89°8CS ST '86¢ 68°6+¢€ " €$°89C eye], (UOUBIASP piEpuels) YSII PIZIWIUIN T
18°0OvEd 00€t 000t 00LE 0ove eyey, uidrew sso1 [
S v € r4 L ‘ON
sueld uaiogyy mwun) sienoniedq ‘IS

(Bupsixy) pasrywyy

uonenug peyde)

J3puU() suWwIBg JIUMQ INg J0J (Suv|d IUIPDIH) NSIA PIZIWNUIIA YPIm suelgd wnundQ ‘| 3qeL




The Bangladesh Journal of Agricultural Economics

‘gae paddoid. (2303 jo soSejuasied are sasayuared gy ur sam3y] : ajoN

6'LEIT ¥$°050T 8SVISI PL9811 98°LI6 Bye], [eide) of
9L'81 €9°LI €Ll 266 viy eye], Jofn Jamodyioloely, g
676 9I'6 01'6 LL8 66'L skeq mogqe| yooqng g
L6y 06'ch 88'IY 6S°6¢ 00'6¢ skeq noqe| uewny °/
€9°071 L6'0T1 well L0001 €868 030 134 Kisusyur Suiddory g
(oo1) (oo1) (oo1) (0o01) (oon)
706 6906 €568 0sL SE'P9 s[ewdag eare paddons w0y, g
Ls0 (L9°0)
= . - €70 €0 s[ewddq (AW) o10g
(payesLLy]) puej MO[ WINIPIA
(96'0)
- - = . 790 S[ewroa( uputy *q
A.um.:_l__czv PUR[ MO[ WINIPIJ
(ira) (199) (689
5 - 9L¢ 96y Iy s[ewaq (AW) orri0g
(061 (L8°0) (§5°2)
- wi - $9'0 P9l S[EwIa( (AIW) 1eoypm
(61D
= - - = ST1 S[ewIoa( (AW) 020g
(08°6) (L8'L)
933 vI'L . - s sfewtoa( (AW) upy 1,
(08°6) (LLe) 0Tv) 8L @z
988 988 9Lt 196 0L S[eWIdR (‘8wuay) puey ySiy wnypapy
(se'61) (€9°€0) (6v'L2) (18°2¢) (v7'8¢)
0S°LI €17 1992 1942 1992 S[euI9( (AW) upmy ',
(‘Sua-uoy)) spuej am_,._ wnpap
S b € / I 'ON
w——ﬁm Eo_o_;tm jlun m.uﬂso_:mm ‘IS

PIuo) °[ 3lqe],




39

Small Farm Planning Under Risk : Alam et. al.

€1

(sL )

s - - - = €60 80°€ - = sfewroaqg (AW 1B9YM
vy (Lo oe) ee) (s6€) (@8 (SL'E) _
YTE vTe vee yT'e '€ (€3¢ 80°€ - - sfewodq (AW sny °g
(€Tr)  «es) (o6)  (Uron ein (6901 (€911 O1'8) (978)
L6 w6 L6 L6 886 6L'8 [N LY'9 LY'9  s[ewrdsq (paje3uuay) puep ysig
(68°00) OIve) (UsLD) U¥reD) b9 (€7 (8T€) 1 s
LO'ST LO8C 8881 16CI 6S'S 161 69T L [0C  s[ewodsg pinog1ooms
(68'02) OI'vD) (H0'9T) (L1'62) (1€28) (ST'pE) (18°08) (SI1°22) (90°SD)
LO'ST LO8C  LO'8T LO'8SC  LO'ST LO'8CT 1€°6T 89°'ICT  €9'61 s[rWINg nyovyIyynW
6oL T
5 - 9L 91T ¢ = - - = sfewoaq eadyoryp
(AN (tse) (869 , :
- = = - - = 960 18C LY'S  s[ewoaq (AW) uvwy "1,
- - = o = . 612 @tv) (6L°¢) B2
= . - = = - 08I 8S°¢ L6T  s[ewddqg (AW sny g
@Liv) (Cesy) (490S) (8vb) (SL'8) (84'9€) (SvLg) (O£LE) (65°8E)
¥1°9¢ vI9S  6SVS YI'Er  99°¢€g 86'6C 9L°0€ 6L'6C 800¢ Slewidaq
(payeduia—uoN) puep ysig
sdoid 1opun eary
#8°01 1201 €88 LLL YO'L 899 9’9 - 81'9 809 U019  UONBLIBA JO 1USIOLJJI0D
(uorneiasp pirepuels)
EEOIL  61'ES9 09'8ES 9L0SY TOLBE E€I'LVE O0S9IE  80+8T SH'19C eyeL, JSU paZIWIUIN
ST0199 00v9 0019 008S  00SS 002S 006t 009t 00<t 12 LA urgrew ssoin
6 8 L 9 S 14 € 4 I
sueld uanuyyg nun sie[nonIed ‘ON IS
. uonen)Ig
e3de) pamourog Japup) suLie d UM 3dIng J0] (Sueld JUIDLJH) YSIY PIZIWIUIA qyusm sueld wnuwndQ -z dqel




The Bangladesh Journal of Agricultural Economics

(85D  (0ze) (187 (90'¢) (g£'6)  (9°€)  (96°0) ,
9'¢ e €0°¢ 6T 68T 66T 6L0 . - s[ewaqg (AW) uvumy -,
(SLo)  (96'€) (L1)
s - < - - - 190 9I't  9¢1  s[ewodQq (A sny g
(81°6) (€801 (€0'ID (LTTD) (€5°€1) (Zpv1) (6v°ZD) (90's1) (S0°€1)
eTl  8STL 6811 0811 SLTII  S$TI 9701 WTI TTOI sewraq (payedua)) puey ysiy wnipapy
(zesD) (g%)
19vc  LI9 2 - : 5 = - - s[ewsqg eadyorypy
(€81 (81'17) (18T (LS'SD) (££'80) (v6'67) (96'67) (z8'0e) (1S'v0)
19vC  19%C  19%C  19%C 19%C  19%C 19T 19vC  0T61 s[ewrosq (AW) uvwy 1,
(16'9)
= - S - - = - - I¥'S  s[ewrosq (AT uopwy -1,
(€99¢) (6v'97) (18'70) (LS'SD) (€£80) (b6'67) (96'67) (z8'08) (z¥'1€)
«@er  8L0E  I9YC  19YT  19%C  19%T  19%% I9vC  19'%7 s[euwoaQq (payeSuiai-uoy)
Pue[ ySiy wngpapy
€D WTD  (Osy) 6 O18) (L
- . - 8TT  S61 oL 0Te L¥9  9¢¢  s[euwioaQg pinogionig
(v 6L (09 G0 ST  (S50) (€2°0) orn
743 YTe 743 961 11 S0 610 - 160  sjewdsqg (11 [efung
(D 6L G0e) e @se)  (060) ;
yTe 1743 743 vTe  90€ vL0 - = - spewsqg (ourung) refung
: (ov0) (6L0) ,
= - - = S€0 $9°0 = - - s[ewaqg (AW) orer0g
6 8 L 9 S 14 € T 1
sueld juardIyy nun sIe[nonseq ‘ON IS

‘PIUC) °T 3qu,




41

Small Farm Planning Under Risk : Alam et. al.

‘gare paddoid (210 jJo soBejuosiod are sasoyjuared oY) ur sainSig : 910N

TL'6S9T €SOVET E€TSP6L vL'S991 €9°68E1 LS I9IL LI'TIOI +¥'S06 10918 eyel, reanden 01
or's9  0TTE  91°0¢ 9TLL  L96 sT'8 PLIL 8v'6 869 eyel 19[[11 1omodyrooel], 6
S8°El 9LETl  99°€El LYEl  LTEL sLet 1Tel 99°11 {2t skeq inoqe[ joofing '8
€9°08 8¥9L  8EVL Y6'0L 99°L9 oLY9  ¥1°09 69°'LS  60°9S sfeq Inoqej uewny L
TTOLL  L6PST  SLEYT  9€'8T1 98'SIT  €960T 95601 IS901 OSHOT  1uedIdg Ansusjur Surddory 9
(oor)  (ooD) o1)  (oorn) (oon (oor)  (ooD) (oo1) (00T)
9EPEL  8I'9II  LLLOL €296 9898 6178 1 ANA] S8'6L  vE'8L s[ewtodg eare paddom [ejoy, g
(zZeo) «eo) (ro (syo) Oso) (@o (Tso) @S0 (ss0)
€70 (340} 13 40) €0 €70 340 [340) 13 40) €¥’0  srewaq (AN) os0g
(paresSiiar—uoN)
puUe] MO WNIPIJA
©1°1) (60°27)
- - - - . - $60 - 91 s[ewodq (AD uvwy "1,
©8y) (29s) (909 (8L9) (zS'L) S6L) (6L9 (81'8) Hz9)
€59 €59 €59 €59 €59 €59 8S°S €59 68y  s[ewroa(q uvwy g
©8v) (@9s) (09 (8L9) @sL) (se6L) (s6L) (81'8) (g££°8)
€59 €59 €59 €59 €59 €59 €59 €59 €59  s[ewdaq (pajedliai—uoN)
puUE] MO] WINIP3JAI
@) (Erv) ars) (€19 89 (i'L) L) @®cL) (61°L)
or's 1459 €8°S 6'S L6'S LSS €19 68°S €9°SC  s[ewddg (AN orelod
9g0) e @iy
= = . - = - v6'1 L6'T €CE  s[ewddqg (AN) 189YM
(8s7) (ore) (82 (90g) (gge)  H9¢e)  (96'0)
9r'e e €0’ ¥6'C 68°C 66'C 6L°0 = b sfewaq (AW o10g
6 8 L 9 S v € z 1
suejqd juarolyy nun srepnonIeq ON IS

‘PIu0) T dqeL




(tee) Ws®) (e

- - - = - - = £e Y4 wy S[ew_Qq (AT oy -],

OvyD  (eoLD  (eLen (609D  B€1D)  (1961D) (LreD)  (6e6l) (6661 (99'07) (paresrix-uoy)

60T 60T 6191 08'Ll 60T 100 6TTT 6881  I€61  SOLI  S[ewdndQg pue| Y3y papy
@yD  (0e) (T Oye) (L)  (sL'e) (989  (66)) (96') (0€'T)

€8¢ €8t €8t €8¢ €8¢ €8¢ £8'¢ £8'¢ £8°¢ Lo s[ewndsq (wip) refung
(s€'9)

= - - - - - - - - 9LT  s[ewRq (AW) 1eayM

(8¥7)  (09) (sTe)  (9v€) (L9e)  (sre)  (98€)  (€6®)  (96) (S9h)

€8t £8'¢ £8'c £8'¢ €8¢ £8't £8'¢ €8't £8'¢ €8t s[ewsq (payedru) puey Y3y

(zel) (€810 (5560 (WrsD)  (1IT€D)  (Sv8D (€Il  (L88)  (s8%) Le) :
18°6C 81'SE yIoe 81'8C 0T £8'81 101 98 89% 60t S[EWINRQq pino3jeemg

The Bangladesh Journal of Agricultural Economics

(€801 (OTvD (O8SD (68D (810 (0610 ©TID) (1L0D @107 (8097

SL9L  S6LL Y981  660C  0STT  SETW  60IC  SIOC b6l ISIT  S[ewoeq oDy
(1€ 6r's)  (sLe) (059 807 (T (ge) (192D (06°€D

8€ 69 0STI 6L ©UT WL w6 81T Lyl sewoeq (AW) vewy -,
@y 080 (€r9  GTL  OSID  @GYID (g6 (89 BLY)  (68°F) _

89 101 09 108 6611 LI 056 699 8y Iz Sjpwoq (AW) sy °g
(€598) (esy)  (@e9s) (8189  (6299) (16€S) (009%) (209w (@eTh) (19Lh) , (poresun-uoy)
W 8019 €99 LEV9 6985 0SS 9K €8%h  880F  66C  S[PWIooq pue] 43y

pue| pausQ sdox Japun eary b4

o1yl Soel £5Cl St £V'8 8T8 18°L ore 159 0v'9 JuadIdg UOTIBLIEA JO JUSIOYJ30) ¢
(uonetaap piepuelg)

C9L86  06L06 6108 8SHOL  TI'68y LTSS 9090V  O'LYE TS66T SI'SLT Byl ASH paziwiuiN - 7
86'S00L  00L9 00¥9 0019 008  00sS  00zS 006y  009%  00cy BYEL uigrew sso1y |

01 6 8 L 9 S 14 € [4 I
Sue|q juaniyy nn sie[nonted  ‘ON'[S

uonemig [eide) (Sunsixy)
¢ pawyy Japup swasy JUBUI)-WNI-IdUM() 10} (SuBld IUSDYYH) YSIY PIZIWIUI YHM suejq wnwpdQ g Iqe]




4

Small Farm Planning Under Risk : Alam et. al.

(G

(8000°0) - - - - = - = = - speuwoaq nua
(@T'T2) 68'1) |1 acy (6s01)
6£°PE - - = - €6'1 ST'E IS°L €201 - spewdsqg preisniN
(TT'Ta) ©L9D) Lo'1) @ozn s
6EvE €8 EE S8VT ceel 99T = s - - - Spewnaqg (AW) sny 9
) (9L 9D @wo'io @ozn) €S 68'1) |1°¢) aco 6s01) (payesLia—uoN)
8L'89 €]°ce [S:8 4 ceel 99T £€6'1 €T'e IS°L €201 = srewuaq pue] Y31y
: puej -hm..lmvm-ﬁnhﬂz
oLz O
- - - = - - - B L9T 8¢€'€ s[ewrdaq (ATD wwy 7],
(@90 (€0°0) L6'0) [CIsn 9] aes) Or's) 95°%) (€8'2) o
= 8L0 00 LO'1 €91 s 449 s SL'T 0T sfewidaq uvury g
9°0) (£0°0) L6’ o s aes) ') 959 19°%) Ls'9) (pajesLrar—uoN)
- 8L0 +0'0 LO'T €91 'S w's s s s sTewIroaq PUE] MO] "PIA
aon €1 s €1'e) (€8} 2] o) (10°9) (€r'9) o'L)
- 8T'I 1€C IB'C 9T’ 4 36t 98°S 19 8L'S sfewdaq (AN o104
[€5: )] (86°0) (T90) @z
- - - - - - €8°1 S6°0 090 €01 srewog (AW 1eYM
L 0) (19°'¢) ave (a9
- - L8O (0,00 4 SS'E 99'C & . = - s[ewdagq (ANW) owog
ws'0)
= - = = 9¢°0 - - # - - sfewtdag (AW) wy -1,
(1o'n L8'2) €19 (|80°L) (L9'9) Q.w.c.v (66'9) (€oL) wz’) (p3jedraay)
- 8T 8¢°€ 189 LEL I89 189 189 189 189 Sfewrdaq puel Y3y “paja
orvi) (€9°LT1) (€L en (60°91) (8€'12) (19'61) Ur'TT) Lo9n (sHin) (ssS1)
62°'CC 6C'CC 6191 o8’Ll 6C'TT 10°0C 62°¢C 99°G1 9011 €871 spewdoq (ANW) upuwiy °],
ot 6 8 L 9 S L 4 € c 1
suelq uL1IH nun sie[nonied  ‘ON IS

‘PIUO) ‘g IqeL



m "gaIe paddoid [ej0) Jo safejusorad are sasayiuared sy ur samgig : sjoN
£
m 99°828¢  9E'E66C 00'IE9T $S'69ZZ  90VI6I 95091 89'E8ET  SSPLIT SS966 S9'+98 eyeL ende)
& 8y 806 [4 314 96'9¢ Pe0¢g IS€T  €€61 v6'll 89 s1'9 eyerL 1o Jomodyiopely, - ¢
lm YL91 344! 69°¢1 6£°CI 8LIT €Tl 9¢Tl 66CTI  6£€1  6STI skeq Inoge[ yooring g
S 8L SETL 0ToL €169 Ly'89 LEL9  8E99 vy LLT9 0009 skeq Inoqef puewiny 7/,
m 99TIT  ¥0'T6 L8'S8 6S08 06'SL OEvL  0TTL ¢60L  €E0L 80109 Jud19q Aysusyur uiddory g
,Mo (oo (oo (oon) (oo1) (0o  (on)  (oor) (0o (oD  (oor)
p SLYST  Tv9Tl  S6LIT  $90I1 97401 90701  81'66 L6 1996 €578  s[eunoeq eare paddom ferog, ¢
3 Lo (Lo Lo (80
m - = - - R - 690 690 690 690 Srew_qQ (AW) aw0g
L (pajeduia)
m Pue| Mo[ ‘papy
3 ) :
: . - . = & - €61 - = - s[eweq uowy g
om (payedriai-uoy)
2 PUE[ M0 “papy
&~ @D (957 (6800 (€D (e  (LsE) o
= - a - €Ll 19T 880 8CT 8¢ $6T  srewioaq (AN) 1Baym
(010 @D e LT  (g6¢) (€87 (¢8°¢)
- - - Iro €LT ore (XA €8'¢ €LT 9I'e  s[eweq (AW ot0g
(oro BTY) 099 19 (79 €9  (ov) (payedira)
< - - 1o 144 s 119 18"} 179 Ir9 . spewsq puep ydig ‘papy
€ro (€929 @2 og 6I'e)  (9z¢) (9¢)  (z'e) (sv'e)  (g0v)
€e'e £e’e £€'E £ee £e'e £ £e'e €ee £Ee €EC  s[ewRQ pmoganig
(parespaa) puej ydy
ol 6 8 L 9 S 4 € (4 I
sue|q wa101yg nupn sle[nonied  ‘oN IS

‘PO ‘¢ 3qe,




45

Alam et. al.

Small Farm Planning Under Risk

(98°'8)

(zre)  (0S0)
62°CT 67T 20’1 - - = = - - - s[ewiooq eadyory)
(98'8) (re) (s801) (LD (rzD) 9z (€0°€D) (OvED)  (S6'€l) LEPT)
6CTT 6T°TC 67T 62T 62'TC 62T 62°CC 67T 6T7C  6CCCT  Slewdaq (AW) wury '],
@i @88D  (GerD  AriD @D oD  (€0eD)  Orel)  (S6€l) (LEVD) (paredaai-uoN)
8S v 8Sv I€°€C 62T 62T 6z'Ce 62CT 62°CC 6CTC  62TC  Slewddq puef Y31y ‘poy
@s'n SLo) @D«  (6sD #60) o o (€0'0)
€8°¢ 8L'1 '€ ssT $8'C 99°1 180 1o = 00 s[ewdaq (uim) [eluung
80 (B0 90 (ss0) (7D (07 S I (Y o] vy o ’
= [Siyd 6L0 8’1 860 L'z 0'e e €8¢ 6L'E s[ewdsq ojelod
Br'nD  Gro
= - = = = = = - 88’1 6L'€ s[ewroq ang
80 (80 (#90) (ssO (gD @y (€T (€8°0)
= [S1)4 6L°0 8T'1 860 LT 0'€ e €'l = s[ewoq (AW sny ‘94
@s'n vy Wz (ssT) (69T (ovE) aoy)  Usy) avvy) e (payesir)
€8'€ 88'S 9 s [£34 009 $8'9 SS'L PO'L 9L s[ewaq puef Y3y
@ev)  (6TsD  A9YLD (08D (€861 (s2LD  (6Lv1) (0D WO (6S°8)
619¢ 61'9¢ 61°9¢ 61°9¢ 86°6E 1€0¢ 0€'sT LEOT 6991 €EEl  s[ewodsq pinosivomg
@Bev)  (6TSD (9L GO8D (LI'0D) (LS0T) OI'1D) (S817) (S9T0) (TE€T)
61°9¢ 61'9¢ 61'9¢ 619¢ 619¢ 619¢ 61'9¢ 61'9¢ 619€  61'9¢  s[ewoaq nyovy NN
(6L'87) (85°0£) (zT'se) (809€) (000¥) (08'LE) (S6'SE) (SI'pE)  (60°€E) (I161€) (paredLL—uoN)
8€TL 8€TL 8€'TL 8€TL LLIL 0S'99 6v'19 96'9¢ 88C¢  TC6F  s[ewdsQq pue| yaryg
puej ﬂ&ﬂko sdoio Jopun ealy b4
vLEL LY11 €011 LEOL €01 6L'6 €€'6 98'8 188 17’8 W13  UONEUEA JO JUSIDLJI0D ¢
(uoueIASp plepuels)
S9'EOPl  88'98I1 086901 8I'SL6 698€6 LV'I98 +6T6L OT9IZL L1969 98°'€T9 eyel, Jsu paziwmip g
LY'€1201 00001  00L6 006 0016 0088 00S8 0028 006L 009L eeL, widrew sso1ny [
ol 6 8 L 9 S v € 4 I
sueld wuaiq mwun srefnonIed "ON IS

uopenys feyde)
PIMOLIOY JOpU[) SULIB JUBUN-WINI—IUM( 10] (SUBlJ IUSPYJH) YSIY PIZIWIUIIN YIM Ssue]d wnupdQ ‘p Iqer




The Bangladesh Journal of Agricultural Economics

Cen  arD @D 69D 08D 68D e (107 (807 ((%4)
£€°¢ €€ €EC  €€E  €€€ g6 £6E £¢°€ €6 €€€  Srewpaq panogionig
. (pajediy)
puey Y3y
(ov'€)
58 - . 3 . - - s - - s[ewoq [hua
(Lzon  (zeel) (ss91)  (8LOD)
85T ¥6TE  00E  €9°17) . : - - : - s[ewioe(q areIsnjy
(ze'D)
= - - L = = - - - 0T m_mEmoon— 2:—.
(190 (610 OLe) @Y (G @e st o1 (91D
- Sp1 660  SCL 8T8 6671  T991 9961 g6l 108 Siewweq (AW) woury 1,
WD  (@eD (5591 BeeD (6%l LIT)  (OFoD) (68%)  (zb'6) #T6)
6EVE  ¥6TC  00VE 89T II9T  OVIZ  SLLI €LV SOST  pepl  Sjewioeq (AW) sny g
Welo) (80 (6ree) @oLd) (LI'6D (9561 @100 (900D (z5'12) wrw (pajeS.Ln-uo)N)
8L89  EEL9  6E®) TS 6EVE  6EVE  OVYE  6CPE  6CVE  6EVE  SIPWINQ puej ySiy
. —.Ea— =_|—-3=u-
917 @D 699 609 W9 «re 66 (6p¢)
ws - ) e 8%y TS ws WS WS WS slewdeg uy g
" (povedira-uoy)
. —..ﬂ@— Mo EE‘&E
8z0) (88D (ee) (v (08¢) (8 (86) (1Y)  (Or'h) (6€%) :
690 189 189 189 189 189 189 189 189 189  s[ewmpaq (AW) o104
(€v'7) A
719 - g - . - ® - . - s[ewioeq (AW) ol0g
(€v'D)
T - & . - . - - - & - s[eungs( (AW) vewy °J,
#9880 (@ee) (ove) (089 (8E) @86 (I'h) OTy) (6D (payeBiLip)
€67 189 189 189 189 189 189 189 189 189  s[ewmeq puey yry ‘papy
ol 6 8 L 9 S v 3 4 I
suejd juspYIg wn SIe[ndlued  ‘ON '[§

‘PUO) °p 3qu], .




47

Alamet. al.

Small Farm Planning Under Risk

‘ease paddoio [e101 jo soSeiusorad ore sasayjuared oyy ur saingig : 910N

SS'0T9S  YTOOVY TSTT6E LI'ETISE €T6ITE 10°S66T VEBILT E€9EYST 69°STET €RTI1T eye], enden 0
Y1901  LS'IOT 180§ 6£'8Y Ly 00'1¥ SLYE L9°8C €9°€C  9I'61 eyey 191 1emodyoely, 6
SIHC 88T e 102 veTe 9°TT 9LTT $8'CC 65T SYTT skeq inoqe[ yoo[ing '8
LULZL  OF'8IL  ¥60I1 0OTSII €€l I€€IT  SLIII  8S60I OI'901 9T€01 sheq inoqe| uewny L
LU'E8L  0€TLL  6S6VI €091  I190€1  60'8TI  O0SHCI  LSOTI  TE9IL LE6TIT  1U9d13g Ausuoyut 3uiddordy 9
oon) oon) (oo1) or1) oon) on oD oD o)  (oon)
09°'IST  L99E€T  LY'SOT  6S00C I¥6LL  S6SLL  TOILL  TYS9L  8L6SI LI'SSI S[ewaq eore paddom [el0, g
(8T°0) 60 e e  (8£0)  (6£0) oro @o €0  Gro)
690 690 690 690 690 690 690 690 690 690  s[ewaq (AW ot0g
(paye3draay)
pug| mo| ‘paN
8z (s (09D 890 (9L D) g 67
& = - 85t 8Sv 8SP 8SY Sy 85y 8y  s[ewrdaq uvuy g
(paye3LLn—uoN)
pue| Mo] ‘PIN
Ovroe  «rn sz  (6v'©)
= = = - - = 8L0 6’1 6S°€ w's s[ewsq (AW 1EYM
(€5 4o @5 W6 ((S0e) (Ove)  Uve) @re)  @so Qs o
19 o 1o 19 Iro 119 €€°C LUV T$T 690 s[ewtoaq (AW) ot0g
VD 8s) W6 ((oe)  (ove) Uy @re) (@so @8s'nD  wro
19 e 19 1o 19 o €€'S LIV ST 690 s[ewroaq (AW) uvuy -],
98'%) Orse)  @wes) (1o 089 69 L9 U9 avrs)  wedy) (pajedaay)
Tl feadt Tl zzel @zl el 1481t 8T 01 £€9'8 089 s[ewroaq puel y31q "pa
(S 49 arey)
TLEl €L'6 - . - = = = = = s[ewdaq eadyoryd
©r'e) (6L (899 89 (€90 (08L) (O® (8T8  (65'8) (¥8'8)
Ll TLEL el LEl TLEL el el LEl TLEl TLEL sfewrdaq (AW) wwwy "],
©6'01) (066) (899 (489  (s9°L)  (08'L) To'®) (8T8 6s'8) (¥8'8) (paye3dri—uoN)
LT St'ee el TLEL LEL el LEl LEL ZLEL  TLEL  srewoaq pue| y31q ‘pajA
ol 6 8 L 9 S 14 € T I
sue|d wuaoyjg N s1e[nonled ‘ON ‘IS
‘PIUO) ‘p

AquL




48 The Bangladesh Journal of Agricultural Economics

high land under non-irrigated situation, the efficient plans included broadcast aus (MV), transplanted
aman (MV), mukhikachu and sweetgourd. Among them, mukhikachu and sweetgourd were the
dominant crops which occupied a significant proportion of total cropped area. However, land was
utilized fully in all plans (Table 3). In high land under irrigated situation, land was also utilized fully in
all plans. In medium high land under non-irrigated situation, transplanted aman (MV) occupied
about 11% to 22% of total cropped area. But no systematic trend was found. Full utilization of
land of that land type was observed only in Plans-4, 6, 9 and 10. In medium high land under
irrigated situation, total area of this land type was utilized by transplanted aman (MV), boro (MV),
wheat (MV) and potato (MV) with a minor exception in Plans-6, 8, 9 and 10. Among them, potato
(MV) and boro (MV) were found dominant crops. The allocation of potato (MV) was found
systematic with a minor exception. The allocation area gradually decreased over the efficient plans.
In medium low land under non-irrigated situation, land was utilized fully upto Plan-5 and then some
areas remained unutilized. In Plan-10, land was unutilized fully.

As far as rented-in land is concerned, broadcast aus (MV) and mustard were the dominant crops
in high land under non-irrigated situation., Only in Plan-10, the whole area of that land type was
utilized. In high land under irrigated situation, the whole area was utilized by bittergourd and a
systematic trend of percentage of land allocation was found. Due to capital scarcity, none of the
crop activities entered into the plan for medium high land under non-irrigated situation. In
medium high land under irrigated situation, full utilization of land was observed upto Plan-4, and
from Plan-8, land was unutilized fully. In medium low land under non-irrigated situation, land was
unutilized fully with a minor exception in Plan-4. Boro (MV) occupied the whole area of
the medium low land under irrigated situation upto Plan-4 and then it totally disappeared.

Optimum plans under borrowed capital situation were worked out for two tenurial groups of
small farms. Due to liberalization of capital, the cropped area increased but the crops remained
unaffected with a few exceptions. In the case of the pure owner farms under high land non-irrigated
situation, mustard was replaced by chickpea. Instead of broadcast aus (MV), mukhikachu and
sweetgourd were found to be the dominant crops. In high land under irrigated situation, wheat
(MV) and potato (MV) were included in addition to existing crops. In medium high land under
non-irrigated situation, transplanted aman (LV) and chickpea were added in addition to
transplanted aman (MV). In medium high land under irrigated situation, only broaddcast aus (MV)
was added (Tables | and 2). The total cropped area gradually increased from 78.34 decimals to
134.36 decimals i. e. cropping intensity increased from 105 to 179%.

An interesting feature was found in the case of the owner-cum-tenant farms under borrowed
capital situation. Due to relaxation of capital, some crops disappeared and
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some crops entered over the efficient plans. In case of the owned land, broadcast aus (MV), and
transplanted aman (MV) totally disappeared in high land under non-irrigated situation. But
land allocation to mukhikachu and sweetgourd tremendously increased. In the case of high land
under irrigated situation, opposite result was found. Here, broadcast aus (MV), jute and potato
were incorporated with the existing crops. In medium high land under non-irrigated situation,
chickpea was replaced by transplanted aman (LV). In medium high land under irrigated
situation, wheat totally disappeared.

In the rented high land under non-irrigated situation, transplanted aman (MV) and jute
were added to the existing crops. In medium high land under non-irrigated situation,
transplanted aman (MV) and chickpea were added. In medium high land under irrigated
situation, transplanted aman (MV) were added with boro (MV) and wheat (MV). In other cases,
the same crops were found but the allocation of area tremendously increased specially in
medium low land under both irrigated and non-irrigated situations. The total cropped area
gradually increased from 155.17 to 251.60 decimals i. e. cropping intensity increased from 113
to 183%.

Risk and cropping pattern associated with stability

On the pure owner farms under limited capital situation, the efficient plans represented
allocation of land in mustard and sweetgourd in the high land under nonirrigated situation.
Mustard, the second dominant crop occupied about 12 to 21% of the total cropped area. Under
borrowed capital situation, mustard was replaced by another stable crop chickpea and occupied
land in the intermediate risk plans. Sweetgourd utilized more land in the high risk plans
compared to that under limited capital situation. In the high land under irrigated situation, wheat
(MV) entered in the intermediate risk plans. Bittergourd utilized land in the low risk plans
under limited capital situation whereas that crop entered in the intermediate risk plans under
borrowed capital situation. In the medium high land under irrigated situation, another stable
crop chickpea entered in the high risk plans under borrowed capital situation. In the
irrigated medium high land under borrowed capital situation, boro (MV) entered in the high
risk plans, and wheat (MV) entered in the low risk plans and utilized more land compared to
that under limited capital situation. In the medium low land (in the case of both pure
owner and ownercum-tenant farms), the existing stable crops such as broadcast aman and
boro (MV) entered in the high risk plans and utilized whole area under borrowed capital
situation in the non-irrigated and irrigated conditions respectively.

On the owner-cum-tenant farms under limited capital situation, sweetgourd appeared in all
plans and utilized more land under borrowed capital situation in the high land under non-irrigated
situation. In the high land under irrigated situation, brinjal (winter) utilized less land under
borrowed capital situation. In the medium high land, another stable crop
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Fig. 1. Gross Margin Risk Frontier for Pure Owner Farms under Existing Capital Stituation

chickpea and the existing stable crop boro (MV) entered in the high risk plans under.
non—irrigated and irrigation situations respectively. In the rented high land under non—
irrigated situation, the existing mustard and lentil entered in the high risk plans under
borrowed capital situation. In the medium high land under non-irrigated situation, another
stable crop chickpea entered in the high risk plans under borrowed capital condition. Due
to the relaxation of capital, the existing boro (MV) entered in the high risk plans and
occupied more land.

Based on the above discussion, it is seen that different pictures were noticed
irrespective of the tenurial groups under limited and borrowed capital situations. In some
cases, the existing stable crops such as mustard, broadcast aman and boro (MV) entered
in the low risk plans under limited capital situation. Those crops appeared in the high risk
plans under borrowed capital condition. Sweetgourd appeared in all plans under limited
and borrowed capital situations but utilized more land under borowed capital situation.
Brinjal (winter) also appeared in all plans but utilized less land under borrowed capital
situation. In some cases, wheat (MV) and chickpea could not enter in the low risk plans
under limited capital situation. Due to the relaxation of capital, those crops entered both
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in the low risk and high risk plans. The capital borrowing increased the risk bearing
ability of the plans.
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Fig. 2. Gross Margin Risk Frontier for Pure Owners Farms under Borrowed Capital Stituation

Risk and labour employment

On the pure owner farms under existing capital situation, human labour employment
increased from 39 man-days in Plan-1 to 44 man-days in the last efficient plan
indicating an increase of 13%. Continuous increase in human labour employment was
due to increase in the cultivated area in successive plans. Further, inclusion of bullock
labour at higher lavel also favoured an increase in human labour employment. Under
borrowed capital situation, human labour employment also increased in successive plans.
In the first plan, human labour employment was 56 man—days while it increased to 81
man-days in the last plan representing an increase in human labour employment to the
extent of 45%.

On the owner-cum-tenant farms also, human labour employment increased in
successive plans. The human labour employment increased from 60 man-days in Plan-1
to 72 man-days in Plan-10 indicating an increase of 20% under existing capital situation.
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Due to relaxation of capital, human labour employment was 103 man-days in Plan-1
which increased to 127 man-days in Plan-10 indicating an increase of 23%.

As regards bullock labour employment, there appeared to be a positive relationship of
bullock labour employment in the successive plans with the increase in total cropped
area. On the pure owner farms, bullock labour employment increased by 16% and 21%
respectively under existing and borrowed capital situations (Tables 1 and 2). The
corresponding bullock labour employment increment figures for the owner-cum-tenant
farms were 33% and 11% under existing and borrowed capital situations respectively
(Tables 3 and 4).

Inter-tenurial group comparison of the results indicates that human labour
employment was directly related to the total cropped area. Bullock labour employment
was also directly related to the total cropped area with a minor exception in the case of
the owner-cum-tenant farms. It is difficult to calculate bullock labour employment
without considering tractor/power tiller utilization. In the case of some crops, only
bullock labour was needed. But for other crops, both bullock labour and tractor/power
tiller were needed. The utilization of bullock labour and tractor/power tiller thus depend
on what type of crops would be allocated in the successive plans. Hence, the
consideration of combined bullock labour and tractor/power tiller is justified.

Risk and tractor/power tiller utilization

The utilization of tractor/power tiller was directly related with the total cropped area.
The tractor/power tiller utillization increased in successive plans with a minor exception
in the case of the pure owner farms under borrowed capital situation. The utilization of
tractor/power tiller increased by 353% and 837% respectively for the pure owner farms
under existing and borrowed capital situations. The corresponding figures for the owner-
cum-tenant farms were 618% and 454% respectively. The tremendous increase of
tractor/power tiller utilization compared to bullock labour employment indicates the
greater utilization of tractor/power tiller by those crops which entered into the successive
plans.

Risk and capital use

In general, capital use on farms increased as gross margins increased in the successive
plans. In order to generate the larger expected gross margins along the frontier, larger
area was brought under cultivation and this facilitated the use of more capital on each
of the farms. From Tables 1, 2,3and 4 it is evident that risk also increased as the capital
use increased. On the pure owner farms under existing capital situation, capital use
increased from Tk. 918in Plan-1 to Tk 2137 in Plan-5. Under borrowed capital situation,
capital use increased from Tk. 816in Plan-1 to Tk. 2660 in
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Pian-9. On the owner—cum—tenant farms under existing capital situation, capital use
mmcreased from Tk. 865 in Plan—1 to Tk. 3829 in Plan—10. Under borrowed capital
sitdation, the use of capital increased from Tk. 2112 in Plan—1 to Tk. 5621 in Plan—10. In
general, it can be said that risk increased with the larger use of capital which yielded
larger returns in the last few plans.

IV. CONCLUSIONS AND POLICY IMPLICATIONS

The foregoing analysis reveals that higher gross margin, labour employment and
tractor/power tiller utilization were associated with higher risk. Total cropped area under
conditions of risk was generally lower than that under the perfect knowledge situation.
Standard deviation (risk) moved much faster than the return along the gross margin—risk
frontier. The study demonstrates that there existed greater scope for stabilizing income on
the owner—cum-tenant farms which were neither too resource intensive nor too resource
scarce. Land utilization increased along with the gross margin-risk frontier. The
borrowing of capital increased the risk bearing ability of the plans. Capital investment
gradually increased with the increase in gross margin and risk.

The results of the study showed direction of resource use for minimizing risk at
various lavels of gross margins. The results obtained under various resource situations and
tenurial groups of the small farms would provide a broad basis to the policy makers for
formulating improved planning regarding farming practices in the area under study. The
study results would help in suggesting suitable production plans for the small farms. It
would also help in selecting appropriate plan for risk averters, average risk bearers and
risk preferers, depending upon the resource availability and the goal of the farmers.
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