












































































































































































10. CONCLUSIONS 

The paper has presented a general approach to analyzing the 
optimal stock problem for Bangladesh. The approach chosen is responsive 
to the needs of a policymaker whose broad concern is to guarantee food 
security and price stability at minimum cost. 

A dynamic model of the foodgrain sector has been constructed, 
taki ng into account the deci s ions of the pri vate sector regardi ng 
consumption and private storage. A set of policies, characterized by 
different objectives and constraints, have been defined and evaluated. 

The summary statistics of the various policy options are given in 
Tables 42 and 43. The main conclusions are as follows: 

• The higher the number of pol icy instruments available to the 
government, the more effective the policy becomes in achieving the 
objectives of price stabil ization, cost efficiency, and food 
security. The policy instruments that have been analyzed in the 
paper are open market sales, domestic procurement, and food 
imports. 

• In order to keep the foodgrain distribution system going, imports, 
especially of wheat, cannot be eliminated. At the same time, a 
policy that would rely only on imports to stabilize prices would 
not be as cost-effective as a policy that relied on an effective 
management of open market operations (that is, domestic purchase 
and sale). 

• The benchmark for optimal pol icy is given by a pol icy whose 
objective is to minimize cost, subject to several constraints 
including food security, price stabilization, and the reaction of 
the pri vate sector. The benchmark is characteri zed by its 
flexibility in adapting to changes in both the domestic economy 
(for example, production shocks) and in the world economy (for 
example, world commodity prices). Fixed rules, such as price band 
schemes, even if effective in reducing price variability, are not 
likely to be cost-effective, and, vice versa, when they are cost 
effective, they are not likely to stabilize prices. 

• Price stabilization around a target can be effectively achieved at 
a relatively low cost in comparison with historical performance. 
The main instruments to be used for this purpose are open market 
operat ions and imports. In part i cul ar, open market ope rat ions 
have to be used much more intensively than in the past. 



Table 42--Summary of various policies 

Approimation 
Price Stabi- to Price Cost Mini-

Policy Base 1 ine- Price Bandb 1 izat ione Stab; lizationd mization . Iml20rt Pol lei:' BenchmarkG 

Avg Std Avg Std Avg Std Avg Std Avg Std Avg Std Avg Std 

Variables 
Rice price 323 19.7 306 13.4 314 15.2 316 15.2 334 22.4 313 16.1 322 17.0 
Wheat price 198 8.1 192 6.3 194 4.5 194 6.3 201 9.0 194 6.3 198 6.3 
Open market 
sales 44 52 289 216 135 44 221 

Open market 
purchases 0 114 220 132 33 0 216 

Rice stock 398 159.1 646 152.0 467 282.5 496 262.1 161 39.8 508 246.8 355 232.6 
Wheat stock 677 279.5 806 318.2 661 372.3 380 208.1 525 128.5 339 0 369 72.4 
R; ce imports 72 84.7 72 84.7 72 84.7 72 84.7 72 84.7 145 251.9 144 278.5 
Wheat imports 415 251.9 415 251.9 415 251.9 415 251.9 415 251.9 358 193.8 255 291.7 

(Tk million) 

Total 5td Total Std Total Std Total Std Total std Total Std Total Std 
Costs 
Tota 1 cost 17,045 1,274 19,632 1,366 8,392 3,682 8,473 2,228 6,046 748 14,716 2,288 5,137 2,905 
Foreign 
exchange 959 50 959 50 959 50 959 50 959 50 1,083 63 803 65 

Procurement 6,380 489 9,020 1,473 17,961 1,979 11.751 1,254 2,971 430 0.00 0.00 17,839 1,566 
Cash outflow -3,623 1.047 -1.036 1.634 -12,276 3.769 -12,195 2,253 -14,622 1,149 -7,421 1.744 -10,893 2,667 

Source: Computed by the authors. 
Notes: Avg = average; Std = standard deviation. 

Prices are in taka/maund. not deflated. Quantities are in 1,000 metric tons. Costs are in million taka . 
• The baseline is obtained by simulating the foodgrain model for the period July 1985-June 1988. 
b The price band is defined by a plus or minus 4 percent margin around the target price. 

Bencha30h No ration i 

Avg Std Avg Std 

322 17.0 323 17.0 
198 6.3 200 6.3 

154 342 

224 137 
407 245.8 321 233.6 
369 72.4 369 55.1 

65 199.9 218 370.3 
262 304.0 159 245.8 

Total Std Total Std 

12,931 3,219 2.741 2,490 

806 74 806 73 
18,567 1. 679 11,291 1. 054 
-6,035 2,615 -12,016 2,803 

~ The optimal price stabilization policy uses open market operations to minimize the variance of rice prices around the target. 
d The approximation to price stabilization was computed through stochastic simulations of production shocks and ordinary least squares over rice production. 
wheat production. and a lagged term . 
• The cost minimization policy uses open market operations to minimize the total cost of food operations. 
f The import policy uses imports to minimize the variance of rice prices around the target. 
g Benchmark refers to price stabilization cum cost minimization. It uses open market operations and imports to minimize the total cost of food operations 
subject to price stabilization and foreign reserves constraints. 
h Bencha30 refers to the benchmark with a 30 percent increase in world prices. 
i No ration refers to the benchmark when monetary off takes are eliminated. 

..... 
(X) 
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Table 43-Average stock and total cost of various policies 

Po 1 icy 

Base 1 ineb 
Price bandc 

Optimal price stabilizat;ond 

Approximation to optimal 
price stabilizat;on8 

Cost min imizat ion f 

Import po 1 icyQ 
Benchmark: price stabilization 

cum cost minim;zationh 

No ration distribution i 

Average Total 
Foodgrain Stock 

(1,000 metric tons) 

1,075 
1,452 
1.128 

876 
686 
847 

724 
690 

Source: Computed from information in Table 42. 

lota 1 Costa 

(Tk million) 

17,045 
19,632 
8,392 

8,473 
6,046 

14,716 

5,137 
2,741 

a Total cost = procurement cost + import cost - ration sales - open market sales. 
b The baseline is obtained by simulating the foodgra;n model for the period July 1985-June 1988. 
C The price band ;s defined by a plus or minus 4 percent margin around the target price. 
d The optimal price stabilization policy uses open market operations to minimize the variance of rice 
prices around the target. 
S The approximation to price stabilization was computed through stochastic simulations of production 
shocks and ordinary least squares over rice production, wheat production, and a lagged term. 
f The cost minimization policy uses open market operations to minimize the total cost of food 
operations. 
9 The imports policy uses imports to mi.nimize the Variance of rice prices around the target. 
n Benchmark refers to price stabilization cum cost minimization. It uses open market operations and 
imports to minimize the total cost of food operations subject to price stabilization and foreign 
reserves constraints. 
i No ration refers to the benchmark when monetary off takes are eliminated. 

• The attractiveness of fixed rules as compared with more complex 
rules is deceiving, A price band, to be effective, may need as 
much careful planning as a seemingly more complex rule involving 
an optimization process. Nevertheless, the effort to simplify 
must be pursued, In particular, what is still interesting is the 
effort to approximate optimal poliCies with policies that are more 
easily implementable and are of a feedback type, that is, they can 
be formulated as a function of the current state of the system. 
An attempt in this direction has been made in this report, and the 
results seem promising, 

• The average foodgrain stock needed to support the optimal policy 
pursued through both open market operations and imports is equal 
to 724,000 tons, In the case of approximation policy, which has 
also been considered in the report, the level goes up to 876,000 
tons as a consequence of a lesser degree of flexibility allowed to 
the policy instruments, 





APPENDIX 1: PROCUREMENT SUPPLY 

The quantity actually procured by the government depends on the 
capacity and willingness of the former to sell (Gulati and Sharma 1990). 
The capac i ty to sell depends on the marketable surplus, whereas the 
will ingness to sell depends on the differential between procurement 
pri ces and open market pri ces. In order to study the procurement 
supply, a simple model is introduced. For the sake of simplicity, 
superscripts denoting grains will be dropped in the following 
discussion. 

At the beginning of each time period t, farmers are endowed with 
an amount, qt' of foodgrains. They have to decide how much to sell to 
the market, ~t' at the market price, Pt' how much to sell to the 
government procurement station, qPt' at price PPt' and how much to store, 

xt+I
' The objective of farmers is to maximize expected profit, which is 

given for a two-period problem by 

where 

o < p < 

Pt+l, t 

c1 

c2 

1 

(30) 

discount parameter, 

price at time t+l, expected to prevail as of time t, 

cost of bringing crops to the procurement station, 
and 

cost of storing stock. 

The constraints faced by the farmers are that all the above­
mentioned quantities are non-negative and that they do not exceed the 
initial amount owned by the farmer: 

(31) 

It is possible to derive a closed-form solution for this problem 
if the cost funct ions c1 and c2 are taken to be convex in thei r 
respective arguments. Namely, 

c1 (qPt) = fo + f1qpt + 2-
1 • f2qp~, and 

C2(Xt+l) = go + glxt +1 + 2-1 • g2X~+1' 

(32) 

(33) 
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where f and g2 are both positive. 
It is t~en possible to express the solution for this problem as 

foll ows: 

Xt+l = max [0, -g/g2 + (,BPt+l.t - Pt)/g2], and (34) 

qPt = max [0, -f\/f2 + (pPt - pt)/f21, (35) 

where 

In this formulation, procurement supply is positively related to 
the difference between procurement price and market price. 

It is conceivable that costs of adjustment must be paid in order 
to change the amount supplied to the procurement station from period to 
period, and also that the higher is the amount qt' the lower is the 
procurement cost. In such a case, the cost function c1 can be expressed 
as 

c1 (qPt,qPt-l'qt) = q~a • [fo + fl (qPt - 'YqPt-) 

+ 2-1 
• f2(qp t - 'Yqp t_l)21, 

where a and 'Yare positive constants. 
With this modification the procurement supply is 

(36) 

(37) 

Now the amount procured is positively related to its lagged value, 
to the difference between procurement price and market price, and to the 
amount initially owned by farmers. 

A procurement equation derived from the previous model has been 
estimated in the following linear specification: 

(38) 

For both ri ce and wheat, procurement pri ces do not appear wi th a 
significant coefficient (Table 44). This seems a bit surprising given 
that the rationale for introducing procurement prices is to stimulate 
procurement and support farmers' prices as a result. In Appendix 2 it 
will be shown that, at least for rice, procurement has been effective in 
sustaining prices, even though the level of support has been negligible. 
Here the puzzle of why procurement prices did not stimulate procurement 
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supply, as one would expect a priori, has to be explained. A possible 
interpretation for the limited significance of procurement prices 
follows. Since procurement takes place through a system of 1 icensed 
dealers, rent-seeking behavior may generate a process whereby the level 
of procurement prices does not become critically important. In any 
case, profits could be made by altering the qual ity of rice, the 
moisture content, and the quantities actually procured. However, it is 
clear that when market prices increase, the incentives to sell to the 
procurement station diminish, since the marketplace becomes more 
attractive. 

Table 44-Ordinary least squares estimation of rice and wheat 
procurement supply 

Variable Coefficient t-Statistic 

Rice 
Constant 0.8416 0.5385 

R -10.4006 -2.7895 p, 

PP: 8.1230 1.1644 
R 0.0274 5.2532 q, 

R 
QPt-1 0.1363 I. 2672 

N 59 
R' 0.5215 
SEE 0.9697 

Wheat 
Constant -0.1749 -0.4626 

P':' -2.7553 -1.8274 

pp~ 4.1656 I. 6868 
w q, 0.0461 5.2330 

qp~l 0.2478 2.2205 

N 59 
R' 0.4512 
SEE 0.2603 

Source: Estimated by the authors. 

Definitions of terms: 

p~ price of grain; at time t; 

pp~ procurement price of grain i at time t; 
i q, production of grain i at time t; 

i 
QPt-1 quantity of grain procured at time t-l; and 

SEE standard error of estimation. 



APPENDIX 2: HAS PROCUREMENT BEEN EFFECTIVE AT SUPPORTING PRICES? 

To answer this question a simultaneous system is needed where the 
decisions of the private sector related to consumption and storage are 
combined with the response to the government activities involving 
procurement supply and demand for monetary off takes. 

Procurement supply has been modeled in Appendix 1. To model the 
demand for monetary off takes (net of open market sales), a distinction 
in the public distribution system has to be made between channels aimed 
at poverty alleviation, and those that target relatively high income 
groups. All of these latter channels have been lumped together in the 
monetary off takes category. Since individuals in this group have the 
option of drawing their quota at the ration price, a model of demand for 
rationed distribution can be postulated as follows: 

(39) 

where pr; refers to the ration price of grain i at time r. When the 
di fference between market pri ce and rati on pri ce decreases, monetary 
off takes are also expected to decrease. 

Putting together equation (39) with the equations for prices, 
procurement supply, stocks, and marketable supply, the following 
foodgrain system is obtained: 

(40) 

(41) 

(42) 

(43) 

i . iii iii stock, = cS ' stock,_l + m, + qp, - mof, - nmof, - oms" and (44) 

_ i 
ms, iii q, + nmof, + oms,. (45) 
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The results in Table 45 show that the coefficient of rice procurement is 
statistically significant in the price equation. Nevertheless, as was 
seen in Appendix 1, procurement prices did not show any significant 
effect on the quant ity actually procured. For wheat procurement, as 
well as for wheat off takes, it seems that their effect on price is 
perverse. A possible interpretation of this perverse effect is that the 
positive effect of procurement on prices is nullified by the 
contemporaneous public distribution of wheat in the same areas where 
most of wheat production takes place. 

On the other hand, rice ration prices are a significant instrument 
for controll ing the total amount of off takes. In the case of wheat, 
monetary off takes are not affected by ration prices, but by market 
prices. Nevertheless, the predictive power of the off takes equation is 
too low to be used with any reliability in the simulation of policy 
exercises (see Figures lOe and lOf). 

Table 45-fhree-stage 1 east squares estimation of foodgrain system with 
public food distribution 

Variable Coefficient t-Stat;stic Variable Coefficient t-statistic 

Rice lead price equation Wheat lead price equation 

Constant -0.0593 -0.9303 Constant -0.0542 -1.3078 
stock~ -0.0097 -5.1157 stock";' -0.0052 -4.7093 

I m, -0.0047 -1.517 w m, -0.0016 -1.9719 

losses t 0.0022 3.2626 losses t 0.0005 0.9579 

y, 0.0628 6.7155 y, 0.0428 6.7673 

N 59 N 59 
R' 0.59 R' 0.4789 
SEE 0.03 SEE 0.0198 

Rice price equation Wheat price equation 

Constant 0.0807 1. 2105 Constant -0.044 -1.5183 

P:'1 0.2981 4.4211 w 
Pt-1 -0.0152 -0.2636 

P~+1 0.3726 3.781 P~+1 0.4016 3.7353 
p';' 1. 2418 4.9768 p~ 0.2211 3.132 

ms~ -0.0012 -8.0873 ms";' 0.0009 1. 6571 

mof~ -0.0102 -1.313 mo{";" 0.0108 5.8335 

qp~ 0.0178 4.3942 w qp, -0.0243 -2.7853 

y, -0.0273 -2.3025 y, 0.011 2.1681 

N 59 N 59 
R' 0.7973 R' 0.7259 
SEE 0.0225 SEE 0.0146 

(continued) 
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Table 45-Continued 

Variab 1. Coefficient t-Statistic Variab 1e Coefficient t-statistic 

Rice procurement supply Wheat procurement supply 

Constant -0.9602 -0.6918 Constant 0.1383 0.4115 
R 

Pt -3.7084 -0.8692 P';' -0.9889 -0.615 

pp~ 0.5059 0.2445 R 6.2543 0.9443 PPt 
R 

qt 0.0311 6.361 q';' 0.0475 5.8107 

qp7., 0.2816 3.4151 R 0.1428 1. 5733 qPH 

N 59 N 59 
R' 0.4732 R' 0.4259 
SEE 0.9733 SEE 0.2547 

Rice demand for monetary off takes Wheat demand for monetary off takes 

Constant -0.5399 -0.2682 Constant 

P~ 1. 5748 0.7632 P';' 
R prt -11.3929 -4.1771 pr";' 

Yt 0.5798 1.5468 Yt 

mof~1 0.2401 2.2724 mof;:, 

N 59 N 
R' 0.4584 R' 
SEE 0.56 SEE 

Source: Estimated by the authors. 

Definitions of terms: 

I 
Pt 
q: 
qp~ 
pp~ 
rp ~ 

Yt 

mof~ 
nmof~ 
oms~ 

nfs~ 
m~ 
stock~ 
lossest 

SEE 

price of grain i at time t; 

production of grain; at time t; 
quantity of grain i procured at time t; 

procurement price of grain i at time t; 

ration price of grain i at time t; 

income at time t; 

monetary off takes of grain i at time t; 

nonmonetary off takes of grain i at time t; 

open market sales of grain; at time t; 

q~ + nmof! + oms~; 
import of grain; at time t; 

stock of grain i at beginning of time t; 

rice losses at time t; and 

standard error of estimation. 

2.4591 0.7412 
38.0694 5.564 

-1.7188 -0.9494 

-1. 2517 -2.2331 

0.241 2.6141 

59 
0.3734 
1. 0734 



APPENDIX 3: DERIVATION OF STORAGE EQUATION 

The agents responsible for private storage are assumed to be risk­
neutral and profi t-maximi zi ng. That is, they sol ve the foll owi ng 
problem: 

subject to 

where 

• 
max ~ L fJ'-t [p,( - xT +1 + x,) - c(x,+d], 

,=t 

stock demanded by the end of period T, 

price of the grain, 

storage cost associated with stock X,+I' and 

expectation operator, based on information available at 
time t. 

For simplicity of notation, the superscript referring to the grain is 
omitted. 

Assumi ng the storage cost funct i on to be quadratic in the 1 eve 1 of 
stocks, that is, 

(46) 

and assuming rational expectations (Wickens 1982; Ravallion 1985; 
Goletti 1990), so that where c,+1 is the expectational error and I, is 
the information available at time T, it follows that 

(47) 

with 

E[c7+11 I,] = 0, and 
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(48) 

where g is a linear function of its arguments. 
T~us, putting equation (48) together with the express i on for 

consumption contained in equation (7) and the equilibrium condition in 
equation (6), it is possible to derive a price equation that can be 
estimated in the form 

(49) 

where 

fl ! a linear function, 

msi 
r the marketable supply of grain at time 1, 

Yr the income at time 1, and 

71
1 
r the error term. 

Note that in th~ latter equation the error term is bound to be 
correlated with p~+1' . 

To avoid correlation between the er~or term 71; and the price p;+!, 
an instrumental variable estimation for pl+! has been ~sed. Therefore, 
denoting by a; the set of instrumental variables for p;+!, the following 
simultanous system is readily obtainable: 

(50) 

(51) 

where the 71'S denote error terms. 



APPENDIX 4: NATURE AND SOURCES OF THE DATA 

The organi zat i on of the data in thi s paper draws heavily from 
Shahabuddin (1990). The data related to the monthly distribution by 
categories under the public food distribution system were collected from 
the Food Planning and Monitoring Unit, Ministry of Food, for the period 
1972/73-1987/88. Those data were converted into seasonal fi gures 
corresponding to the different seasons: Season 1, July-October; Season 
2, November-February; Season 3, March-April; and Season 4, May-June. 

This way of defining the seasons tries to match the ideal basis 
for defining the seasons with the presentation of the results by fiscal 
year (see also Shahabuddin 1990). The procurement and ration prices for 
both rice and wheat, with the effective dates for the different periods, 
were collected from the Bangl adesh Bureau of Stat i st i cs Stat i sti ca I 
Yearbooks, and from Food Situation Reports published by the Food 
Planning and Monitoring Unit. These were distributed over the different 
seasons using the effective dates for each price. Data on the monthly 
price of rice (coarse, wholesale variety) were compiled from the 
Directorate of Marketing, Government of Bangladesh. All these nominal 
prices were deflated by the index of prices of manufactured consumer 
goods to convert them into real prices. 

Data on foodgrain production, both r.ice and wheat, as well as 
income (GNP at constant 1972/73 prices) were available from the 
Bangladesh Bureau of Statistics Statistical Yearbooks annually by fiscal 
year (July to June). These data were converted into seasonal figures by 
the following procedure. 

Estimates of the quantities of rice harvested each month were 
derived on the basis of the historical percentages of crops harvested 
each month in the World Bank (1979) study on food pol icy issues in 
Bangladesh. 

The following monthly percentages for the three rice crops, aus, 
aman, and boro, and for wheat have been used. 

July: 
August: 
September: 
October: 
November: 
December: 

35 percent of aus 
55 percent of aus 
10 percent of aus 
3 percent of aman 
50 percent of aman 
42 percent of aman 

January: 
February: 
March: 
April : 

May: 
June: 

5 percent of aman 
no harvest 
55 percent of wheat 
45 percent of wheat 
and 10 percent of boro 
65 percent boro 
25 percent of boro 
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These monthly percentages were then applied to the yearly 
production of aus, aman, and boro rice, and to wheat as published in the 
Bangladesh Bureau of Statistics Statistical Yearbooks to derive 
estimates of the rice harvested by each month, which were then 
distributed over different seasons as defined earlier. 

These monthly percentages of crops harvested provide the following 
seasonal shares (as defined in this paper) for the different rice crops 
harvested in Bangladesh: Season 1, 100 percent of aus and 3 percent of 
aman; Season 2, 97 percent of aman; Season 3, 10 percent of boro and 100 
percent of wheat; and Season 4, 90 percent of boro. 

The annual figures on GNP (at constant 1972/73 prices) collected 
from the Bangladesh Bureau of Stati st i cs Statist i ca I Yearbooks were 
distributed over different seasons by taking the average real GNP per 
capita for every season. 



APPENDIX 5: FOOD BUDGET 

From a broad, public finance perspective, it is important to 
accurately assess the aggregate cash deficit on the food account, which 
is simply the difference between cash revenues and cash expenditures. 
Cash savings can be used for financing development planning. It is only 
recently that the government of Bangladesh has started to rearrange the 
food budget in such a way that it is possible to identify the annual 
budgetary impact of food operations and integrate it into the 
consolidated public account. 

From an efficiency point of view, the food-security objectives of 
the government should be pursued, keeping in mind minimization of the 
total cost of food operations. To measure the total cost, cash revenues 
have to be subtracted from cash expenditures. For the foodgra in 
operations, the following definitions have been used: 

Cash Expenditures 

Cash Revenues 

Total Cost 

Cash Outflow 

Procurement Cost + Value of Imports 

Revenues from Open Market Sales and 
Ration Distribution 

Cash Expenditures - Cash Revenues 

Cash Expenditures - Cash Revenues - Value 
of Food Aid 

Using the notation previously introduced, 

Cash Expenditures(1) = Z; wop~ • m~ + pp~ qp~, and 

Cash Revenues(1) 

In the definition of cost adopted here, administrative costs are not 
included; similarly, other type of costs, such as those related to 
storage, losses, and pi lferage, are not taken into account. Yet thi s 
first attempt at looking at the structure of the food budget is still 
useful to give a first rough idea of the behavior of some of the budget 
components (see Tables 46 and 47). 
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Table 46-Food9rain nominal costs, 1976-89 

Year 
Procurement Import lata 1 

Cost' Costb ExpenditureC 

1976 1,039 1,989 3,028 
1977 1.960 3,736 5,696 
1978 1,206 2,682 3,888 
1979 1,406 9,871 11,277 
1980 4,513 3,805 8,318 
1981 1,447 4,832 6,279 
1982 1,021 7,960 8,981 
1983 1,358 9,238 10,597 
1984 1,812 12,385 14,197 
1985 2,219 6,577 8,795 
1986 1,349 7,899 9,248 
1987 2,829 15,032 17,861 
1988 3,336 14,452 17,788 
1989 8,500 10,979 19,479 

Open 
Market Rat 10n 
Sa lesd Sa les' 

(Tk mill ion) 

0 2,447 
0 3,348 
0 3,352 

370 4,317 
0 3,936 

348 5,057 
719 5,314 
852 5,342 

1,117 6,131 
391 4,012 

1,763 5,094 
1,652 5,920 
2,135 6,357 
1,320 7,831 

Revenue' 

2,447 
3,348 
3,352 
4,687 
3,936 
5,405 
6,034 
6,194 
7,248 
4,403 
6,857 
7,572 
8,493 
9,150 

Total 
Cost" 

581 
2,348 

536 
6,590 
4,382 

873 
2,947 
4,403 
6,949 
4,392 
2,392 

10,289 
9,296 

10,329 

Food 
Aid" 

1,531 
2,692 
2,565 
3,906 
2,467 
4,012 
4,127 
6,452 
5,759 
5,949 
6,131 
8,557 
9,738 
6,162 

Cash 
Outflowl 

-950 
-344 

-2,029 
2,684 
1.915 

-3,139 
-1,180 
-2,049 

1.190 
-1.558 
-3,739 

1. 732 
-442 

4,166 

Sources: Based on unpublished data from Bangladesh Ministry of Food; authors' calculations. 

• Procurement cost ;s obtained by taking procurement prices times procurement quantities. 
b Import cost 1s computed at world prices converted 1n domestic currency. 
C Expenditure = procurement cost + import cost. 
d Open market sales (OMS) revenues are computed by taking OMS prices times OMS quant it ies . 
• Ration sales are computed by taking ration prices times monetary off takes. 
, Revenue = OMS revenue + rat ion sa les. 
g Cost = expenditures - revenues. 
h Food aid is computed from total 
I Cash outflow = cost - food aid. 

imports. subtracting the commercial imports. 
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Table 47-Foodgrain deflated costs, 1976-89 

Open 
Procurement Total Market Ration Total Food Cash Import 

Year Costa Costb ExpenditureO Sa lesd Sales' Revenuef CostQ Aidh Outflow' 

(Tk mi 11 ion) 

1976 243 464 707 0 571 571 136 357 -222 
1977 413 787 1200 0 705 705 495 567 -73 
1978 259 577 836 0 721 721 115 552 -436 
1979 244 1715 1960 64 750 815 1145 679 466 
1980 700 590 1290 0 610 611 680 383 297 
1981 203 679 882 49 710 759 123 563 -441 
1982 132 1032 1164 93 689 782 382 535 -153 
1983 181 1234 1415 114 713 827 588 862 -274 
1984 228 1561 1789 141 773 913 876 726 150 
1985 262 775 1037 46 473 519 518 701 -184 
1986 150 877 1027 196 566 762 266 681 -415 
1987 306 1626 1932 179 640 819 1113 926 187 
1988 342 1482 1825 219 652 871 953 999 -45 
1989 789 1019 1808 123 727 850 959 572 387 

Sources: Based on unpublished data from Bangladesh Ministry of Food; authors' calculations. 

Note: The deflator used is the index of manufactured goods. 

• Procurement cost 1s obtained by taking procurement prices times procurement quantities. 
b Import cost ;s computed at world prices converted in domestic currency. 
o Expenditure = procurement cost + import cost. 
d Open market sales (OMS) revenues are computed by taking OMS prices times OMS quantities . 
• Ration sales are computed by taking ration prices times monetary off takes. 
f Revenue = OMS revenue + ration sales. 
g Cost = expenditures - revenues. 
h Food a1d is computed from total imports, subtracting the commercial imports. 
I Cash outflow = cost - food aid. 



APPENDIX 6: THE MODEL FOR THE BENCHMARK POLICY 

As formally expressed below, the benchmark policy, price 
stabilization cum cost minimization, consists of choosing a path for 
imports, open market sales, and open market purchases of both rice and 
wheat to minimize the cost of food operations: 

T 
.. i ; 1; 1 1 

min L L p'-t[wop~m~ + PromPT - Proms, - pr,mof,]' 
r=t ; =r,W 

subject to equation (51): 

P~+l f~(a~,TJ~.,), and 

where 
_ ; i ; i ; 

ms, = q, + offtakes, - (oms, - omPT) , 

stock~ 
. ; ; ; 

- (oms~ 
; 6' stock,_l + m

T 
- offtakes, - omp,), 

stock~ ~ G~;n' 

stock~ ~ G~ax' 

Z; wop~ m; , ~ FT, 

omp; ~ 'Y 
; , qT' 

I P~ - 0 T I ~ 0.04 . 0" and 

; 
PT' m; 

T 
~ 0, 

where r,w and 1 t, ... ,T. 

(52) 

(53) 

(54) 

(55) 

(56) 

(57) 

(58) 

(59) 

(60) 
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These choices are subject to the constraints given by the dynamic 
system of the foodgrain private sector (equations [51]-[54]); minimum 
stock requirements to guarantee the flow of stock operations 
(deadstocks) and food security (equation [55]); capacity constraints of 
maximum stocks (equation [56]); foreign exchange constraints (equation 
[57]); constraints on maximum domestic procurement (equation [58]); 
constraints on price variabil ity (equation [59]); and non-negativity 
constraints (equation [60]). 

The parameters used in the model are 

G~ax 7.65, corresponding to 805,000 metric tons; 

G~ax 11.09, corresponding to 1,168,000 metric tons; 

G~in = 1.47, corresponding to 155,000 metric tons; 

G: in 3.32, corresponding to 350,000 metric tons; 

'Y 0.5; 

Ii 0.94; and 

Fr la, corresponding to US$956 million. 



APPENDIX 7: APPROXIMATION POLICIES 

If x* is the optimal solution of a policy problem such as the one 
described In equations (51)-(60) in Append\x 6, the problem becomes the 
need to fi nd a path x' that approximates x. In part i cul ar, one woul d 
1 ike to have a feedback pol icy, express edT as a function of the state 
variables, that behaves "similarly" to the optimal policy. An appealing 
approximation would be a linear rule, for its simplicity in calculation. 
This linear approximation can be expressed as a function of a subset rT of the set of state vari abl es z. The vari abl es in r shoul d be 
considered particularly useful to lonvey information upon which an open 
market operations mechanism can be based. For example, these variables 
could be production, losses, rainfall, imports, and lagged endogenous 
variables. Nevertheless, in trying to get a linear feedback rule, the 
possibility that some inequality constraints may be binding has to be 
taken into account. Therefore, a truncated version of a linear rule is 
more likely to be the case. 

Using the notation of the general approach of Chapter 3, the 
control variables, xT ' have to satisfy the law of motion, 

ZT+I = AT . Z1 + 81 • xr ' 

and the inequality constraints, 

IT 5 ZT 5 uT' 

Then the approximating policy rule is given by 

L • r 
T 

if 1 HI < AT ZT + BT Lr T < uT+l' (61) 

x' = 
T 

B+ 
T (1 HI - A T ZT) if 1 HI > A - T ZT + BT Lr T' and (62) 

B+ 
T ( uT+I - A T ZT) if UHI 5 AT ZT + BT LrT, (63) 

where B+ is the generalized inverse of B. 
The matrix L is obtained by performing a stochastic simulation of 

exogenous variables in r and computing the optimal policy numerically. 
Then the coefficients of a regression of this numerical solution over 
the variable in r give the vector L. Equations (62) and (63) define a 
truncated linear ~ule to take into account the inequality constraints. 
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d i , 
ms; , 
q~ 
mofi , 

nmof~ 
oms; , 
omp; , 
omo; , 
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P~ 
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poms~ 
pr~ 
WOpi , 

GLOSSARY 

denotes grain; it can be either rice (r) or wheat (w) 
denotes time; 1 = t, ..• , T 

demand for grain i at time 1 

marketable supply of grain at time 1 

production of grain i at time 1 

monetary off takes of grain i at time 1, net of open market 
sales 

nonmonetary off takes of grain i at time 1 

open market sales of grain i at time 1 

open market purchases of grain i at time 1 

open market operations of grain i at time 1 

omo; = oms i - ompi , , , 
quantity of grain i procured at time 1 

is the consumption of grain i as of time 1 

ending period private stock of grain i as of time 1 

refers to vari at i on, such as Il.X~ = X~+! - X~ 
price of grain i at time 1 

income at time 1 

the price of grain i expected to prevail at time 1+1, based 
on the information available at time 1 

stock of grain i at beginning of time 1 

rice losses at time 1. 

ration.distribution and nonmonetary off takes (that is, mof; 
+ nmof;) of grain i at time 1 

oms price of grain i at ·time 1 

ration price of grain i at time 1 

world price of grain i at time 1 

import of grain i at time 1 
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