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CHAPTER 7: THE DESIGN OF FOODGRAIN STOCK POLICY

1. INTRODUCTION

The foodgrain sector in Bangladesh is characterized by the active presence of the government
sector, which is involved in various operations related to domestic procurement, public dislribulion,
imports, and open market sales. Central to this involvement is the management of public foodgrain
stocks.

In the past, food security in Bangladesh bas been often identified with high levels of public
foodgrain stocks. This perception was consistent with recommendations coming from different
quarters. In 1979 the World Bank, for example, recommended a stock leve! of 1.5 million metric tons
as of July 1 of every year and 1.2 million tons as of November 1. In the years following 1981,
government stocks have rarely excceded the level of 1.2 million tons. Taking into account the
population growth, the per capita figures of stock levels have been much smaller than those the
World Bank recommended in 1979. This situation has not prevented prices of rice and wheat to
become more stable in the period from the 1970s to the 1980s. Table 52 indicates both lower
cocfficients of variation of price and smaller yearly spreads between high and low prices for rice and
wheat. The variability of total stocks did not increase during 1972/73-1989/90 (Tables 52 and 53),
even though Bangladesh experienced two of the worst production calamities of its history in 1987/88
and 1988/89.

The foregoing observations suggest that stock policy guidelines have to be revised
substantially. During 1981-91 the foodgrain sector of Bangladesh bas witnessed a few remarkable
changes: a changed pattern of scasonality of production and prices (Ahmed and Bernard 1989,
Chowdhury 1987); a reduced degree of subsidized food distribution (Chowdhury 1990); increasing
experience with open market sales (Chowdbury 1990); reduced gaps between market prices, ration
prices, and procurement prices (Abdullah 1989b); reduced subsidies on agricultural inpuls such as
fertilizers and irrigation equipment (Abdullah 1989a, and Gisselquist 1992); and a sustained situation
of self sufficiency in rice production during the most recent period starting from 1989/90. At the
same time, the need for a new hamework to analyze the public foodgrain policy bas arisen. The
initia) altempts by Abbott (1988), Ahmed apd Bernard (1989), Chowdhury (1987, 1988, 1990),
Shahabuddin (1990), and Goleti, Ahmed, and Chowdhury (1991) form part of the growing literature.
The general direction of these studies is away {rom a passive endorsement of quantity targets toward
a more complete analysis of the food system of Bangladesh that tries to capture the complex
interrelation between the open markct and government operations. Morcover, a new concern related
to the optimal stock problem has been emerged, where the word “optimal!™ refers to some
prespecified policy or welfare ccucept (see Goletti, Ahmed, ané Chowdhury 1991). In particular,
there is a growing awareness of the financial cost implications of different stock levels.

To give a very rough dimension of this financial cost, one may think of the cost of 100,000
tons of foodgrains (35 percent of which consists of rice and the rest of wheat) evaluated al average
1988/89 world prices. This cost, equal to US$20.8 million, or 671.2 million taka (Tk), represents
approximately 5.4 percent of the agricultural Annual Development Programme (ADP) budget and
1.4 percent of the total ADP budget. The average public stock of foodgrains in 1988/89 in
Bangladesh was 1.2 million tons.

Thbz main purpose of this chapter is to present a general framework for designing a cost-
effective stock policy that addresses the governmeint's concerns related to ensuring price stability and
the food security of the vulnerable groups. The design of an optimal foodgrain stock policy entails
the construction of a dynamic model of the foodgrain sector of Bangladesh and the use of
programming techniques to facilitate the analysis of different policy interventions (for a similar
approach applied to foodgrains in India, see Krishna and Chhibber 1983; for other commodities, see
Ghosh, Gilbert, and Hughes Halleu 1987).
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Table 52-Nominal rice and wheat prices, 1972/73-1989/90

Rice Price Wheat Price
Year® Average c.v.! Spread Average c.v.| Spread’
{Tk/maund) (percent) (Tk/maund) (percent)
1972/73 15 14 50 n.a. n.a. n.a.
1373/74 100 21 64 62 35 143
1974/75 210 17 89 141 22 120
1975%/7% 124 24 94 17 34 157
1876/77 113 11 42 78 12 44
1977/18 138 6 20 91 9 40
1978/79 152 18 68 91 10 40
1979/80 201 8 31 124 15 64
1980/81 168 6 22 111 3 11
1981/82 220 17 69 135 15 48
1982/83 240 6 21 162 9 36
1983/84 262 7 23 167 9 25
1984/85 294 6 23 170 8 29
1985/86 280 7 22 181 7 26
1986/87 34] 9 34 209 5 20
1987/88 352 5 1?7 215 6 22
1988/89 362 5 18 224 5 12
1989/90 355 5 20 233 3 13

Source: Based on data from Bangladesh Bureau of Statistics, Monthly Statistical Bulletin, various
dates.

Note: n.a. means not available.

* The fiscal year starts in July.
*C.v. is the coefficient of variation, computed with monthly prices.
* Spread is the percentage difference between the highest and the lowest price of the year.
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Table 63-Rice, whest, and total foodgrain stocks, 1972/73-1088/80

Year* Rice Stocks Wheat Stocks Avetege cV. of Avorege Total  Sacurity

Tots! Total  Stocks per Capite Days*

Stocks Stocks
Averege et Aversge et
(1000 MT) (percent) (1000 MT) (percent) (1000 MT}  (percent) {kilograms/person)

1872i73 44 44 282 45 326 Kl 444 10
1973/74 38 48 201 39 239 28 3.18 7
1874175 83 102 200 45 232 L) 339 8
1975/76 382 43 470 17 852 16 10.76 24
1876177 am 28 n KK 583 28 1.2 16
187778 234 64 an 35 608 17 1.3 17
1872/78 200 30 437 39 837 26 148 17
1079/80 284 35 n k| 866 28 71.82 17
1880/81 453 Kl:] m 25 1230 15 1378 N
1881/82 481 26 548 32 1028 27 1A 26
1882/83 312 12 375 27 687 17 1.29 17
1883184 213 30 424 20 637 20 6.7 15
1884/85 268 A3 649 21 817 21 8.38 19
1995/86 400 14 482 26 882 7 8.86 20
1886/87 215 36 520 41 136 36 1.23 12
19887/88 350 24 703 14 1053 15 10.09 23
1088/89 540 26 868 21 1208 18 11.33 26
1889/90 619 25 562 4 181 20 10.82 25

Source:  Bangladesh Burssu of Ststistics, Monthy SYstisticsl/ Budletin, various fssuas.

* The fiscal yoor starts in July.

' C.v. is the coefficiemt of varistion, computed with monthly stocks.

* Becurity days sxprass the number of days that public stocks would guarantss to the population of Bangladash for that yesr o ist of 16.5 ouncas of
foodgrains.
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2. CHOICE OF APPROACH TO THE OPTIMAL STOCK PROBLEM

The search for an effective stock policy bas been constantly demanded equally by policy
makers in Bangladesh and by donors. The general perception is that there may be a precise figure
that represents the optimal level of public stocks. In the contzxt of the present study, the optimal
level of public foodgrain stock is defined as the level of stock that helps a*tain certain objectives such
as price stabilization and targeted public disinibution at @ minimum cost.

This definition is somewhat limited, since the benefits of these public interventions are oot
precisely evaluated and incorporated into the analysis. lmportant questions related to the targeting,
cffectiveness, and leakages associated to public distribution programs bave to be examined within a
bousehold and intra-household approach (see Ahkter Ahmed 199%). An altempt to addr :ss some
of these issues was dope in chapter 4 by considering the effect of price ctabilization on poverty and
consumer’s surplus of different gioups of the population. Moreover, the policy process through
which the objective function of the policy problem is reached is not modelled. The specification of
policy objectives is the result of the weight of different interest groups. Without entering into the
area of political economy, this study offers enough flexibility to change the weights given to different
objectives reflecting alternative equilibria of the political process influencing the foodgrain policy in
Bangladesh.

However, various levels of thuse interventions and their implications for the estimates of
optimal stocks are covered in this study. This enables one to recommend the optimal level of public
stock under the present degree of public interventions and under reduced degrees of such interventions.
This procedure gives a range of estimates of optimal stocks and the corresponding degrees of public
interventions, providing rcam for gradual reform in public stock management and interventious.

The estimation of the optimal public stock obviously requires a comprehensive model that
integrates a dynamic foodgrain sector with chosen policy regimes and well-defined objectives 2nd cost
functions. Three stages are involved in the design of the optimal stock policy problem. The first stage
coniae ot the specification of policy objectives, policy constraints, and policy instruments. These
clements constitute the necessary ingredients for the formulation of alterpative policy options. Most
of these policy options can be formulated as the outcome of optimization exercises. The second stage
consists of the specification, identification, and estiration of a dynamic model of the foodgrain sector
on the basis of which the optimization exercises described in the first stage are conducted. The third
stage is the evaluation of different policy options computed by solving the optimization problems
posed in the first two stages.

DESIGN OF FOODGRAIN STOCK POLICY

Stage 1 Policy Objectives, Policy Constraints, Policy Instruments, and Policy Options
Stage 2 Dynamic Model of the Interrzlations between Private Sector and Public Sector

Stage 3 Evaluation of Different Policy Options

The optimal stock problem may be formulated as the optimization of some objective function
defining the priorities of the government, subject to the constraints imposed by the feasible
performance of the market, and additional policy and institutional constraints.
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Formally, the optimization problem |®) can be expressed as follows:
vaf=-1

(@) J, =min,, E (P2, + ) W),
vt

subject to

Za=A 2 +B +x + ¢ {81)
and

L<z < u, (82
where

W, =2,0,+2 +x,*R *x (83)

and the time index 7 = t,...,T.

In this notation z, is a vector of state variables, x, is the vector of control variables, with respect
to which the government is oplimizing, and ¢, is the vector of error terms. T is the time horizon of
the optimization exercise, and the length of the optimization periodis T-t + 1. P, A, and 8, are
matrices conformable with the vector z,; B, and R, are matrices conformable with x,.

The current period objective of the government is W,, which is assumed to be a quadratic form
in the state and control variables; the final period objective is z';Pz;.

The state variables evolve accordiog to the law of motion specified in equation (81) and are
subject to inequality constraints as in equation (82). I, is the lower bound and u, is the upper bound
for the state variable z,.

The optimal policy is a sequence of T-t+1 functions X satisfying the problem (®].!

Note that by specifying different government objectives and instruments, the general model
can be used to deal with many different policy issues. The system in equation (1) represents the
structura! model of the foodgrain private sector, which the government is influencing by releasing or
withdrawing stock in the market. During the design of stock policy, the government takes into
account the reaction of the private sector implied by a dynamic model of market behavior. At the
same lime, a set of other inequality constraints is imposed as specified in equation (2). Examples of
these inequality constraints are capacity constraints, minimum stock requirements for food security,
foreign reserves ceilings oo food imports, and so on.

The rest of this chapter will carry out the analysis involved in stage one of the design of stock
policy. Chapter 8 deals with the specification of the dynamic market response (stage two), and
chapter 9 gives the evaluation of different policy options (stage three).

‘ Because of the recursive structure of the problem, the optimal policy functions can be
found by applying Bellman's equation recursively:

JL'(I|) - min'. El [U|(x|'l|) + J|-|.1(z|-|,]'
subject to
2

v mAZ +Bx eand

l' S 1,5,

In the numerical solution of the optimal policy options considered fn the text, the GAMS software
has been used to find an open loop solution (Brooke, Kendrick, and Meeraus 1988).

7
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3. POLICY OBJECTIVES AND POLICY CONSTRAINTS

The broad concern of foodgrain stock policy is to provide food security to the population.
The major policy issue examined in this study is to understand how this broad concern can be
implemented efficiently. For that purpose it is useful to declare the framework of policy design.

Policy Objectives

The setting of policy objectives of the public foodgrain system depends on the policy process
and the ioterrelations between different interest groups. The formalization of a measure of
achievement of these objectives is often made difficult by their being expressed in very general terms.
Nevertheless, the formalization of policy objectives is critical io the effort to operationalize the policy
design.

il 1o this sub-section, three specific objectives are considered: price stabilization, price support,
and cos! minimization. The more general goal of poverty reduction will be incorporated into the
analysis by imposing different degrees of targeted distribution to the poor.

The oljective of price stabilization can be understood as minimization of the variance of prices
around a target. Io order for such an objective to be made precise, a target price 6, has to be
specified for the period of the policy exercise going from r=t tor=T.

The objective can then be expressed as follows:

T
Y (p; - 6)/(T - ts1). {84)

where p', is the price of rice at time 7.

The difficulty lies with an appropriate specification of the farget price. Several elements will
he taken intn account in the specification of the target price. First, a long-term trend of domestic
prices; second, a concern for seasonality fluctuations; third, the behavior of world prices. The target
becomes a weighted average of these clements, where the weights reflect the relative importance
attributed to them by the policy makers.*

The objective of price support can be easily expressed after specifying the support price level.
Let p*, be the support price for rice a time 1. Then

g U (85)

is the simple expression of the objective. Note that such price support is often implicit in the stronger
objective that prices should be within a certain band, around a larget price 6,. The latter objective
can be expressed as

| p, -8, | <bodw (86)

where bndw is the width of the band. In this case the support price is the lowest price allowed in the
ban., namely p’, = §, - bodw.

The objective of cost minimization can be readily specified, once an expression for the cost
is provided. The relevant cost expression here is the operating balance of the food accounts.

' The expression for the weighted average is
In(6,) = A, In(p,) + A+ In(p™}) + A, = In(wop,).

where p) denctes the long-term domestic price of rice, p™ is the seasonal factor, and wop, fs the
world price of rice. Note that the target price considered here is the target for rice prices.

b
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Basically this cost refers to the difference between expeaditures and revenues associated to operation
of the public foodgrain system. Expenditures arise from the domestic and international procurement
of foodgrains, and from storage costs. Revenues arise from sales of foodgrains through either
subsidized cbannels or through open market operations. For the time period of the policy exercise,
the expression of the cost is given by

T
> ¥ 8-woplm! + pplap + c(stock,) - ploms! ~ prlmof] ol

rot  fer,w
Expcndxlurcs are here simply given by the value, at international pnccs of food imports (the term
wop! » m!), by the cash oullays for domestic procurement (the term pp's qp), and by the storage cosls
c(stock’). Revenues are given by the monetary offtakes evaluated at ration prices (lhc lcrm pr, .
mof',) and by the value of open marke! sales, evaluated at market prices (the term p', « oms',). 8 is
the parameter used to discount the future.

Policy Constraints

There are different types of policy constraints, expressing various degrees of policy concerp,
and feasibility of policy. Some of these constraints simply state the nonnegativity of endogenous
variables such as prices and stocks. Some other constraints are capacity constraints, imposed upon
stock variables to take into account the physical storage facilities constraints. The capacity constraints
are expressed as follows:

stock’, < G',, (88]

where i stands for cither rice or wheat, 1 = t,...,T, stock', is the public stocks of grain i at time r, and
G., is the maximum stock of grain i (assumed independent of time). As an example of capacity
constraint, the storage capacity of government food godown and silos as on June 30, 1990 was 1761
thousand metric tons (BBS 1991).

A third set of constraints on stock variables takes into account minimum stock requirements
that may be related both to deadstocks (the amount of stock needed for the system to be operational)
and 1o the minimum stock levels needed for food security considerations. An example of the latter is
that the public food distribution system must hold sufficient stocks to meet three months of offtake
requests (505,000 tons), allowing the time period necessary for importing foodgrains to replenish the
stock facilities. This security stock would serve as a cushion against events such as severe cyclones,
droughts, and flooding.

These minimum stock requirements can be expressed as follows:*

stock, > G',.. (89)

A fourth set of constraints is related to maximum domestic procurement and can be expressed
as follows:

qp', < 7+ ¢\ (90]

' Note that both minimum and maximum stock requirements imply constraints for declsion
variables. For example, assuming that the decision variables are open market sales (ems) then

G < G,

is equivalent to

oms, 2 §G,, + m, + qp, - mof, - nmof, - G,
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where qp', is procurement of grain i at time r, and q', is production of grain i ai time r, that is,
maximum procurement is just a fraction, 7, of total production. Thke motivation behind this type of
constraint is the need to Emit the extent of public intervention in the marketing system.

Finally, a fifth set of constraints that are considered in the following policy exercises is related
1o foreign reserves. This type of constraint can be expressed as follows:

wop', « m', < F, : (91)

where wop', is the world price of grain i al time 7, and F, is the maximum amount of loreign
exchange allocated to food imports m',. This constraint tries to incorporate the consideration that
food imports have to compele with other imports in the allocation of scarce foreign reserves.

4. SPECIFICATION OF POLICY INSTRUMENTS AND POLICY OPTIONS

The process of liberalization of the public foodgrain distribution system can be interpreted
as the progressive removal of regulations that hinder the development of markets. In the past,
regulations bave often taken the form of price fixing, such as in procurement, ration distribution, and
even “open market” sales. The resulting dual system is gradually ‘changing iolo a more market
oriented one. Instrumental to this process of reform is the use of opeon market operations, both sales
to reduce prices and purchases to support prices. Moreover, the possibility of using international
trade through a more efficient phasing of imports and exports opeas the way (o a new set of policies,
the effectiveness of which should be evaluated vis A vis a baseline.

The main policy instruments considered in the following pages are therefore open marker
operations (both sales and purchases), and exports and imports of foodgrains.

Having specified the sets of possible objectives, coostraints, and instruments, each policy
option can be thought of as a package of elements of these sels.

In the simulation of each policy option for the foodgrain sector of Bangladesh, several
clements have to be clarificd at the outset of the exercise. Among these clements are the lime period
of the simulation, the initial conditions, the exogenous variables, the endogenous variables, the policy
instrumeants, the objectives of the policy, and the constraints.

In the remainder of this section several policy options ase evaluated: the benchmark policy
given by price stabilization cum cost minimization: the purely price stabilization policy conducted only
though open market operations; the import policy that stabilizes prices only through imports; the
purely cost minimization that uses both open market operations and imports, but is not concerned
with price stabilization; the no ration policy where all subsidized distribution is climinated; the trade
policy where both imports and exports are allowed, the transfer policy where a part of ration
distribution is transferred directly 10 larget population, and a price band mechanism.

A summary of these oplions is given io table 54. A detailed description of each policy
foliows.

Benchmark: Price Stabilization cum Cost Minimization Policy

In this policy option the objective is to minimize the cost of operations, mainlaining prices
within a price band of 4 percent around the target. The policy instruments are given by both open
market operations and imports. Constraints on capacity and food security stock requirements are
specified, as well as on maximum procurement and on foreign exchange reserves. The foreign
exchange constraint imposes a ceiling on foreign exchange that can be speat on imports. The ceiling
is given by the foreign exchange equivalent of foodgrain imports in the baseline.
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Policy Opticns Objectives Instruments Constraints
Benchmark: Price Meirfain Pricas withn s Open Market 1. Food Security Stocks
Stabilzetion Cum Band sround Terget Operations and 2. Dynamic Market Response
Cost Minimzation Minimire Cost fmports 3. Capocity Constrainis
4. Maximum Procursment
6. Foreign Rassrves
Price Stabiity Minimire Varisnce of Open Market 1. Food Security Stocks
Prices around Tergot Opetations 2. Uynamic Market Response
3. Capacity Constraints
4, Maximum Precuresment
dmport Mininire Variance of imports 1. Food Security Btocks
Prices sround Tesget 2. Dynamic Markat flasponss
3. Cepacity Constreints
4. Maximum Procursmant
5. Foreign Raservas
Cost Minamization Minimire Costs Open Market 1. Food Security Stocks
Opetstions and 2. Dynamic Market Responss
imports 3. Capecity Conatramnts
4. Maximun Procurament
5. Forsign Ressrvas
No Ration Moiriein Pricas within & Open Market 1. Food Ssturity Btocks
Band sround Terge! Opetations and 2. Dynamic Market flesponse
Minimire Cost imports 3. Capacity Constramts
4, Maximum Procurement
8. Foreign Rassrves
6. No Ration Distribution
Transfer Maintsin Pricas within a Dpen Market 1. Food Security Stocks
Band sround Target Opetations sad 2. Dynamic Merket Response
Munimire Cost imports 3. Capacity Constreints
4. Maximumn Procuranent
5. Forsign Reserves
8. No Ration Distribution
7. Incrassed Food Transfers
Trade Maintsin Pricas within & Open Market 1. Food Security Stocks
Band sround Tergot Operstions, imports, 2. Dynamic Market Responss
Minimire Cost ond Exports 3. Capacity Constreints
4. Maxinwm Procursmant
6. Foroign Raserves
6. Maximum Exports
Price Bsnd Meintsén Pricas within @ Open Markst 1. Food Security Stocks
Band sround Target Opor stions 2. Dynamic Markat Response
' 3. Copacity Constraints
4. Maximum Procursment
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Price Stabilization via Open Market Operations

The objective of this policy is to minimize the variance of rice prices around a target price
patk. The instruments available to the government are only open market operations. Capacity
constraints, food security stock requirements, and maximum procurement coostraints are specified.
Imports are kept at the baseline level; therefore, there is no need to impose a foreign rescrves
constraint. The interest of this policy lies in understanding what can be achieved by a purely price
stabilization policy, without attention to the cost implications.

Price Stabilization via Imports

The objective of this policy is to minimize the variance of rice prices around a targel price
path. The difference between this policy and the previous is in the instruments used. The control
variables are now given by imports of foodgrains. It is assumed that no exports take place. Open
market operations are eliminated. The comparison of this policy with the stabilization policy via open
market operations highlights the role of import versus open markel operations.

Cost Minimization Policy

In this case the objective of the policy is to minimize the present value of cost. The basic
policy issue here is to sece how the pubiic food distribution assumed in the baseline can be carried
out at minimum cost, without concem for price stability. The instruments chosen are open market
operations and imports. The constraints are the same as in the previous policy. The comparison of
this policy with the benchmark policy highlights the cost of price stabilization.

No Ration Policy

This policy is a special case of the benchmark policy. The objective is again to minimize cost
while maintaining prices within a band around the target. The instruments and constraints are also
the same as in the case of the benchmark. The particularity of the policy derives from eliminating
ration distribution, which is the bulk of monetary offtakes. The interest of the policy lies in the recent
decision of the government to cancel some ration distribution programs.

Transfer Policy

This policy is a variation of the previous one. Instead of just eliminating monetary offtakes,
now half of that rationed distribution is given in kind to targeted population, in the form of food for
work, and distribution to vulnerable groups. The rationale for considering this policy is that these
direct transfers are often consider=d more effective than ration distribution in reaching the population
in need.

Trade Policy

This policy is a generalization of the benchmark policy. Instead of limiting trade transactions
only to tmports, also exports are allowed. As seen in chapter 5 there is a scope for a limited amount
of exports of rice to take place. The amount is limited by the likely rice excess supply. A constraint
of hall a million metric tons was imposed.

Price 3and Policy
Whereas all previous policy options were trying to optimizing some ;respecified objective

function, the price band policy operates differently. Establishing a price band mechanism implies
sciling a target price, a price band, and a rule of intervention.

|2
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The target price is denoted by 6,, where the time index 7 varies over the period of the policy
exercise. Generally, the target price chosen is a weighted average that takes into account the long-
tesm trend of domestic prices, seasonality, and the long-term trend of world prices (Ahmed 1990).
The price band is defined with reference to the target price and the specification of an upper and a
lower interveniion price that should trigser open market operations. Usually, the upper and lower
trigger prices are symmetrical in relation lo the target price.

Under this rule, open market sales are undertaken by the government until cither prices drop
to the ceiling of the band or public stocks reach the minimum operational level.

Similarly, when prices in the absence of intervention tend to go below the lower price of the
band, open market purchases are undertaken by the government until either the maximum stock
capacity is reached or prices rise to tke lower level of the band.

Finally, when prices are within the band, no open market operations are undertaken unless
stock constraints are binding. Whea this is the case, open market operations are undertakea in order
to satisly the constraints.

The main advantage of a price band rule seems to be that the rule can be simply stated, is
relatively easy to implement, and is readily understandable. Therefore, it has desirable {eatures from
an operational point of view. Nevertheless, the outcome is not optimal, because it does not use all the
available information. A price band rule is a fixed rule, clearly suboptimal with respect to the rule
that can be computed as a solution of an optimization problem (Buiter 1981).

The most limiting factors about price band rule are their vulnerability to speculative attacks
(sce Salant 1983), their unfeasibility to accommodale several constraints, and, when feasible, their
cost.

5. CONCLUSIONS

This chapter has given the approach (o the design of optimal stock policy that is used in the
next chapters. The salient features of the approach consist in an explicit determination of the
objectives, constraints, and instruments coustituting a policy option. Several options relevant to the
gradual reform of the Public Foodgrain Distribution System were presented.

There is a large body of literature empbasizing the virtues of simple decision rules to guide
policy (Kydland and Prescott 1977, Lucas 1976, Friedman 1953). It is argued that optimal rules are
not robust enough to be operated successfully when there arc uncertainties related to model
specification and estimation, speculative behavior, and numerical implementation. Morcover, policy
makers may doubt about complex decision rules that are both difficult to understand and to compute.
The virtue of simplicity may ba-~ a strong weight in the adoption of a policy.

This suggests the need to consider “simple” policies, easy to understand and to implement,
that are good approximation of optimal policics, (Pinckoey 1988, 1989). An cxample of these
approximation policies are feedback rules, expressed in terms of the current state of the system.
This example will be pursued in a later chapter.

7 Denoting these trigger prices by phigh and plow, they are related to the target brice. é,.
as follows:
phigh, = (1 + bndw) « @,. and

plow, = {1 - bndw) « 4,.

|5



CHAPTER 8: A DYNAMIC MODEL OF THE FOODGRAIN SYSTEM
1. INTRODUCTION

The design of foodgrain stock policy requires knowledge about the functioning of the
foodgrain system. Without understanding the way the markets react to public intervention it is very
difficult to propose and evaluate different policy options to improve upon the current situation. This
chapter gives some basic facts about the major forms of public interventions in the foodgrain system
of Bangladesh. After reviewing their performance in the past two decades, a model of the functioning
of the foodgrain system is presented. The model captures the interrelation between the public
foodgrain distribution system and the private market decisions involving consumption, storage, and
marketing; in particular, it captures the multi-commodity nature of the system, based on rice and
wheat, the seasonality of production, and the dynamics of expectations. The specification and
estimation of the model complete the second stage of the general approach to the design of stock
policy introduced in chapter 8.

2. THE EXTENT AND COST OF PUBLIC INTERVENTION IN THE FOODGRAIN SYSTEM.

The Government affects the availability of foodgrains through imports, domestic
procurement, and public distribution. Each of these activities is reflected in the public stocks balance
cquation that follows.

stock! = &'« stock’, + m' + qp' - offtakes, - oms!, 192]

where stock’ denotes public stock of grain i al time r, oy’ dewotes imports of grain i at time 7, qp'is
procurement of grain i at time 1, offtakes is public distribution of grain i at time 7, omg§'denotes open
market operations of grain i at time 7, and &' accounts for losses of grain i in public godowns.

One way to gauge the exient of government operations in the foodgrain sector is to consider
the ratio of total offtakes to total availability, the latter being defined as net domestic production
(gross production less 10 percent for wastage and feed) plus imports plus opening stocks, for any
particular year. The dimension of government intervention in foodgrain distribution bas been
substantial, ranging from 8 percent to 2! percent, with an average value of 13 percent for the ratio
of total offtakes to total availability (Table 55).

There arc three sources of public supply: domestic procurement, imports, and government
stocks. The relative importance of each of these factors is illustrated in Table 56. Whereas domestic
procurement bas been unable to supply the public distribution of foodgrains, the role of imports bas
always been crudial, with an average ratio of total imports to offtakes of foodgrains equal to 90
percent over the period from 1972/73 to 1989/90.

From a 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
~xpenditures. Cash savings can be used for financing development planning.

From an efficiency point of view, the food-sccurity 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.

[t
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Table 55-Components of public distribution of foodgrains,
1972/73-1989/90

Net Initial Avail- 0f ftake/
Year® Production Production® Offtake Procurement Stocks Imports ability" Availability
(1,000 metric tons) (percent)
1972/73 10,023 9,021 2.657 0 303 2.871 12,195 21.8
1973/74 11,832 10,649 1,756 72 269 1,719 12.709 13.8
1974/75 11,226 10.103 1,785 129 215 2,401 12,848 13.9
1975/7¢ 12,780 11,502 1.679 503 761 1,488 14,254 11.8
1976/77 11,825 10,643 1.374 320 836 825 12,624 10.9
1977/78 13,120 11.808 1,863 559 422 1,665 14,453 12.9
1978/79 13,140 11,826 1,762 358 601 1,165 13.949 12.6
1979780 13,362 12,026 2.203 354 210 2.809 15,399 14.3
1980/81 14,975 13.478 1,686 1,034 794 1,089 16,394 10.2
1981/82 14,598 13,138 1,840 303 1,208 1,234 15.883 11.6
1982/83 15,312 13.781 1,893 192 615 1,840 16.428 11.5
1983/84 15.719 14,147 1.896 272 61l 2.069 17.099 11.1
1984/85 16,086 14,477 2,426 340 800 2.580 18,197 13.3
1985/86 16,083 14,475 1,419 361 1,008 1,198 17,042 8.3
1986/87 16,498 14,848 1,820 188 976 1,767 17,7719 10.2
1987/88 16,462 14,81¢ 2,016 374 751 2.911 18,852 10.7
1988/89 16,382 14,744 2.685 408 1,498 2,138 18,788 14.3
1989/90 18,656 16,790 1,981 962 905 1,534 20,191 9.8

Source: Based on data from Bangladesh Bureau of Statistics, Statistical Yearbook 1989. (Ohaka: BBS,
1990).

* The fiscal year starts in July.
' Net production is 90 percent of production.
* Availability = initial stock + net production ¢ imports + procurement - offtakes.

15
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Table 56-Sources of public distribution of foodgrains, 1972/73-1989/90

Stocks
Procurement Imports Stocks Change

Year' Procurement Ratio' Imports Ratio Change Ratio Of ftaoke

(1,000 (percent) (1,000 (percent) (1,000 (percent) (1,000

metric tons) metric tons) metric tons) metric tons)

1972/73 0 0 2.8 108 0 1 2.657
1973/74 12 4 1,719 98 -34 3 1,756
1974/7% 129 7 2.401 134 -54 =31 1,785
1975/76 503 30 1,488 89 546 -4 1.679
1976/77 320 23 825 60 75 30 1,374
1977/78 559 30 1,665 89 ~415 -10 1.863
1978/179 358 20 1.165 66 179 22 1,762
1979/80 354 16 2.809 128 -390 -26 2.203
1980/81 1,034 61 1,089 65 583 =25 1,686
1981/82 303 16 1,234 67 415 32 1,840
1982/83 192 10 1,840 97 -593 0 1.893
1983/84 272 14 2,069 109 -4 -10 1.896
1984/85 340 14 Z,580 106 189 -9 2.426
1985/86 361 25 1,198 B4 208 2 1,419
1986/87 188 10 1,767 97 =32 12 1,820
1987/88 374 19 2.911 144 =225 =37 2,016
1988/89 408 15 2,138 80 147 22 2.685
1989/90 962 49 1,534 1 -593 0 1,981

Source: Based on data from 8angladesh Bureau of Statistics, Statistical Yearbook 1989, (Dhaka: BBS,
1990} .

* The fiscal year starts in July.
' The ratios are taken with respect to offtakes.
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For the foodgrain operations, the following definitions bave been used:

Cash Expenditures = Procuremznt Cost + Value of Imports

Cash Revenues = Reveoues from Open Market Sales and Ration
Distribution

Total Cost = Cash Expenditures - Cash Revenues

Cash Outflow = Cash Expenditures - Cash Revenues - Value of
Food Aid

Using the notation previously introduced,

Cash Expenditures(r) = T, wop)+ o) + pp; * qp. 193]
and

Cash Revenues(r) = I, pl+oms, + pri-mol 194)

where wop' are world prices, pp' are procurement prices, pt are ration prices, mof are monetary
offtakes, and p'are market prices.

In the definition of cost adopted here, admipistrative costs are oot included; similarly, other
types of cost, such as those related to storage, losses, and pilferage, are not taken into account.
However, this first attempt at looking at the structure of the food budget is still useful to give a fust
rough idea of the bebavior of some of the budget componcnts (see table 57).

3. COMPONENTS OF THE PUBLIC INTERVENTION IN THE FOODGRAIN SYSTEM

This section describes and analyzes the three main components that aifect the stock balance
equation, camely domestic procurement, public distribution, and imports.

Procurement

The declared objectives of procuring foodgrains domestically are to svpport prices and lo
replenish public godowns. The way the government has implemented such a strategy has been to buy
a certain quantity denoted by qp' at a preannounced price, called procur: : cnt price and denoted by

PR:
Rice procurement has been bigher during the 1970s than during the 1980s (Table 58).

However, procuremenl was abnormally high in 1980/81 and 1989/90 following major production
shortfalls. Thus, procurement in these years may be seen as an excessive reaction of the government,
more for the purpose of replenishing public stocks than to support a floor price. As a percentage
" of production, procurement of rice averaged 3 percent in the 1970s and 2 percent in the 1980s,
whereas wheal averaged S percent in the 1970s and 7 percent in the 1980s. Moreover, in per capita
terms, rice procurement has been declining, whereas wheat procurement bas exhibited an upward
trend. Wheat is procured only in the three to four months following the March-April harvest. Rice
is procured during two scasons, reaching its peak in Decetaber-January, during the aman harvest, and
in June-July, following the boro harvest. In the past few years, because of the growing importance
of the boro season, rice procured during May-July has been greater than the procurement made
during the aman season.

Wheal procurement prices have been closer to market prices than rice procurement prices
(Table 59). Moreover, both rice and wheat procurement prices followed a clear pattern during the
second part of the 1980s, consisting of a smoothening of the deviations from market prices.

I
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Table 57-Foodgrain nominal and deflated costs, 1976-89

Open

Procurement Import Total Market Ration Total Food Cash

Year Cost’ Cost® Expanditure’ Sales’ Sales' Revenue'  Cost’ ad Outflow
(Tk million)
Hominal Costs
1976 1.039 1,989 3,028 0 2.447 2.447 581 1,531 =950
1977 1,960 3,736 5,696 0 3,348 3,348 2,348 2,692 ~-344
1978 1,206 2.682 3,888 0 3,352 3,352 536 2.565 -2.029
1979 1,406 9,871 11,277 370 4,317 4,687 6,590 3,906 2.684
1980 4,513 3.805 8.318 0 3,936 3,936 4,382 2.467 1,815
1981 1.447 4,832 6,279 348 5.057 5,405 873 4,012 -3,139
1982 1,02) 7,960 8,981 719 5,314 6,034 2.947 4,127 ~-1.180
1983 1,358 3,238 10,597 852 5.342 6.194 4,403 6.452 -2.049
1984 1.812 12,385 14,197 1,117 6,131 7.248 6,949 5.759 1.190
1985 2,219 6.577 8,795 39} 4,012 4,403 4,392 5,949 ~1.558
1986 1.349 7,899 9,248 1,763 5,094 6,857 2.392 6,131 -3,739
1987 2.829 15.032 17,861 1.652 5.920 7,572 10,289 8,557 1,732
1988 3,336 14,452 17,788 2.135 6,357 8.493 9,296 9,738 -442
1989 8.500 10,979 19,479 1,320 7.831 9,150 10,329 6,162 4,166
Deflated Costs

1976 243 464 707 0 571 571 136 357 -222
1977 413 787 1200 0 705 705 495 567 =13
1978 259 577 836 0 12l 721 115 552 -436
1979 244 1715 1960 64 150 815 1145 679 466
1980 100 590 1290 0 610 611 680 383 297
1981 203 679 882 49 710 759 123 563 -44)
1982 132 1032 1164 93 689 182 382 535 -153
1983 181 1234 1415 114 713 827 588 862 =274
1984 228 1561 1789 141 173 913 876 726 150
1985 262 775 1037 46 473 519 518 101 -184
1986 150 817 1027 196 566 762 266 681 -415
1987 306 1626 1932 179 640 819 1113 926 187
1988 342 1482 1825 219 652 871 853 999 -45
1989 789 1019 1808 123 127 850 959 572 387
Sources: Based on unpublished data from Bangladesh Ministry of Food: authors’ calculations.
Note: The deflator usad is the index of manufactured goods.

* procurement cost is obtained by taking procurement prices times procurement quantities.

Import cost is computed at world prices converted in domestic currency.
Expenditure = procurement cost + import cost.

‘ Dpen market sales (OMS) revenues are computed by taking OMS prices times OMS quantities.

* Ration sales are computed by taking ration prices times monetary of ftakes.

' .
Revenue = OMS revenue + ration sales.

+

Cost = expenditures - revenues.
Food aid is computed from total imports, subtracting the commercial imports.
Cash outflow = cost - food aid.



119
Table 58-Yearly procurement of rice and wheat, 1973/74-1989/90

Rice Procure- Rice Wheat Procure- Wheat
ment as Share per ment as Share per
Year' Rice of Production capitea Wheat of Production capita
(1,000 (percent) (grams) (1,000 (percent) (grams)
metric tons) metric tons)
1973/74 72 0.6 957 n.a. n.a. .
1974/75 129 1.2 1,669 n.a. n.a. n.a.
1975/76 503 4.0 6.356 n.a n.a. n.a.
1976/77 317 2.7 3.0898 n.a. 1.2 37
1977/178 548 4.3 6.576 11 3.1 133
1978/79 306 2.4 3,596 52 10.5 604
1979/80 228 1.8 2,600 126 15.3 1,432
1980/81 855 6.2 9,596 179 16.4 1,998
1981/82 290 2.1} 3,201 13 1.3 147
1982/83 168 1.2 1,800 24 2.2 256
1983/84 154 1.1 1,623 118 9.7 1,231
1984/85 130 0.9 1,328 210 14.3 2,143
1985/86 231 1.5 2.322 130 12.5 1.297
1986/87 136 0.9 1.325 52 4.8 506
1987/88 288 1.9 2.147 86 8.2 819
19688/89 364 2.3 3,411 44 5.3 409
1989/90 919 5.1 8,403 43 5.4 391

Source: based on data from Bangladesh Bureau of Statistics, Statistical Yearbook 1989, (Dhaka: BBS.
1990}.

Note- n.a. means not available.

‘ The fiscal year starts in July.
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Table 59-Mean divergence with respect to market prices of rice and
wheat, 1972-89

Fiscal Procurement Ration World Open Market
Years Price Price Price Sales Price’

{percent)
Rice price divergences

1972-89 -14.4 =21.7 10.2 1.9
1970s --18.3 -45.1 17.2 -2.5
1980s -11.3 -13.7 4.7 2.3
1980-84 -11.4 -18.2 17.5 4.4
1985-89 -11.3 =-9.1 -8.2 0.3
Wheat price divergence?
1972-89 -8.3 -16.0 -5.4 3.8
1970s -5.2 -28.7 -9.5 0.3
1980s -9.8 -7.0 -2.4 4]
1980-84 -10.8 -9.7 0.0 4.3
1985-89 -8.8 -4.4 -4.9 4.0

Source: Based on data from Bangladesh Bureau of Statistics, Monthly Statistical Bulletin, various
dates.

Notes: The divergencas are computed with respect to domestic market prices. The 1970s are from
July 1972 to June 1980; the 1980z are from July 1980 to June 1990; 1980-84 is from July 1980
to June 1985: and 1985-89 is from July 1985 to June 1990.

* Data for open market sales mean divergences calculations are available from July 1379 onward for

both rice and wheat.
' For wheat, data for ration price and world price mean divergences calculations are available from

July 1973 onward and for procurement from July 1975 onward.



121

How can government emsurc that an amount qp'is procured at price pp? Procurement
depends on the capacity and willimgness of the farmers and traders to sell (Gulati and Sharma 1990).
Unless some forced arrangement is puf into effect, procurement is constrained by the supply decisions
of traders and farmers.

Procurement Supply
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 {, farmers arc endowed with an amount, q, of
foodgrains. They have to decide how much to sell to the market, p,, at the market price, p, how
much to sell to the government procurement station, qp,, at price pp,, and how much (o store, X, ;.

The objective of farmess is to maximize expected profit, whict is given for a two-period
problem by

ps, * ppap. + BpiaiaXa = c(qp) - (%) {95]

where # is the discount parameter between zero and one, p,.,, is the price at time t+1, expected to

prevail as of time t, ¢, is the cost of bringing crops to the procurement stalion, and c, is the cost of

storing stock.
The constraiots faced by the farmers are that all the above-mentioned quantitics are non-

ncgative and that they do not exceed the initial amount owned by the farmer:
q| 2 B, + X4 + QP. (96]

It i« possible to derive a closed-form solution for this problem if the cost functions c, and
¢, are laken to be convex in their respective arguments. Namely,

c(gp) = o + figp, * 2" « f,qp, and {97)
C?(qul) = &) + glx|¢l + 2| * gr‘:u- lqsl

where {, and g, are both positive.
It is then possible to express the solution for this problem as follows:

x.,, = max [0, =g,/g; *+ (Ap.1, - P)/8)). and (99]
qp, = max [0, -{,/(, + (pp. - p)/M3). [100]

where
ﬂ. = q-"Qu'QP. llOll

In this formulation, procurement supply is positively related to the difference between current
procurement price and markel price. Storage, as scen in chapter 3, depends on the expected
differential between future prices and current prices.

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

e (qpuapeng) = &+ o + fi(@p - vap.) + 27" fi(ap, - 1qp.1)’} (102}

where a and 7 are positive constants.
With this modification the procurement supply is

2
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qp, = |- £, + g« (pp, - P))/; + P [163)

In equation [103] 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:

qp- = f(PPnPuq-vqp'.l)- [104]

For both rice and wheat, procurement prices do not appear with a significant coefficient
(Table 60). This scems a bit surprising given that the rationale for introducing procurement prices
is 1o stinulate procurement and support farmers’ prices as a result.  Here the puzzle of why
procurement prices did not stimulate procurzment supply, as one would expect a priori, bas to be
explained. A possible int:rpreiation for the limited significance of procurement prices is that, since
procurement takes place through a system of licensed dealers, rent-secking behavior may generate
a process whereby the level of procurement prices does ot become critically important. Rather than
through high procurement prices, profits could be made by altering the quality of rice, the moisture
content, and the quantilies actually procured. However, it is clear that when market prices increase,
the incentives 1o sell to the procurement statioa diminish, since the marketplace becomes more
attractive.

Moreover, by announcing procurement prices in advance of harvest time, the government
cannot really know the level of quantity that it can procure. Therefore, it is important (o explore
different and more reliable ways to support prices than establishing procurement prices. One such
way is that of open tender implying that the government is buying from the market at the best offered
price. This idea is at the basis of the use of open market operations, the use of which will be
explored in the next chapter.

Offtakes and lmports

OfMakes

The purported objective of a dual market system is to make foodgrains available to those
sections of the population that are most sensitive to food prices and who, even in normal
circumstances, experience maloutrition and bunger. Ucfortunately, in the past, most of the public
supply in Bangladesh bas been geared to the needs of the urban population and government
cmployees, with a strong bias against rural areas, where the food problems are often more severe.
This long-term bias bas been partly corrected in recent years threugh changes in the rationing system
(Chowdhury 1988, World Bank 1990; Goletti and Ahmed 1991, Ahmed 1992).

Wheat offtakes bave been growing both in absolute levels and in per capita terms. Rice has
exhibited an opposite trend, lo the extent that wheat offtakes in the most recent years have been
about three times as much as rice offtakes (Table 61). The seasonal pattern of rice offtakes and
wheat offtakes is quite similar, with a peak before the aman barvest (October-November) and before
the boro season (March-May). In terms of ration prices, the subsidies on both rice and wheat bave
been gradually reduced (Table 59), and wheat ration prices are clcs=r to market prices than rice.

To mode! the demand for mooetary offiakes (net of open market sales), a distinction in the
public distribution system bas to be made between channels aimed at direct transfer of food to the
poor, and those that consist in food subsidies through the ration system. All of these latter channels
bave been lumped together in the category of monetary offtakes, desoted by mof® Sincs individuals
in this group bhave the option of drawing their quota at the ration price, a model of demand for
rationed distribution can be postulated as follows:

mof} = f(plprly.mol,), {105]

20
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Table 60—Ordinary least squares estimation of rice and wheat
procurement supply, 1975/76 to 1990/91

Variable Coefficient t-Statistic
Rire
Constant 0.47 0.3
n -11.23 -3.04
PR 10.56 1.54
q 0.026 5.27
any 0.13 1.25
N 63
R 0.5]
SEE 0.97
Vheat
Constant -0.16 -0.45
P =2.70 -1.89
ppy 4.06 1.67
ay 0.044 5.42
apy, 0.24 2.25
N 63
R 0.45
SEE 0.25

Source: Estimated by the authors based on construction of seasonal data

Definitions of terms:

R = price of grain i at time t;

PP, = procurement price of grain i at time t;

qQ = production of grain i at time t;

qp:, - quantity of grain procured at time t-1: and

SEE - standard error of estimation.
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Table 61—Yearly offtakes of rice and wheat, 1972/73-1989/90

Year® Rice Rice per Capita Wheat Wheat per Capita
(1,000 metric tons) (grams) (1,000 metric tons) {grams)
1972/173 425 5.794 2,232 30,348
1973/74 125 1,660 1,630 21,639
1974/75 182 2.356 1,603 20,768
1975/76 502 6,339 1,177 14,902
1976/77 n7 8,830 656 8,086
1977/78 600 . 7.218 1,263 15,195
1978/79 569 6,683 1,193 13,978
1979/80 695 7.962 1,508 17.290
1980/81 450 . 5,049 1,236 13,867
1981/82 589 - 6,479 1,251 13,752
1982/83 533 5,743 1,360 14,623
1983/84 426 4,478 1,470 15,43}
1984/85 360 3,710 2.066 21,248
1985/86 309 3.106 1.110 11.139
1986/87 339 3.322 1,481 14,515
1987/88 340 3,271 1,676 16,088
1988/89 522 4,890 2.163 20,258
1989/90 655 5,990 1,326 12.149

Source: Based on data from Bangladesh Bureau of Statistics. Statistical Yearbook 1989. (Dhaka: 8BS,
1990).

* The fiscal year starts in July.

2
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Table 62-Ordinary least squares estimate of rice and wheat monetary
of ftakes 1975/76 to 1990/91

Variable Coefficient t-Statistic
Rice
Constant 2.55 3.61
n -0.59 -0.26
pr} -9.01 -2.34
Y, 0.002 0.99
mof), 0.22 1.77
N 63
R 0.36
SEE 0.64
Wheat
Constant -0.50 -0.34
or 37.56 6.84
pri -24.53 -1.91
Y, -0.00! -0.54
mofl, 0.19 2.00
N 63
R’ 0.52
SEE 0.96

Source: Estimated by the authors based on construction of seasonal data.

Definitions of terms:

A

price of grain | at time t

ration price of grain i at time t;

income per capita at time

t:

monetary of ftakes of grain i at time t-1; and

standard error of estimation.
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Table 63-Yearly imports of rice and wheat, 1972/73-1989/90

Rice Wheat

Year' Rice per capita Vheat per capita

(1,000 metric tons) (grams) (1,000 metric tons) (grams)
1972/73 396 5.417 2.475 33,643
1973/74 83 1,115 1,635 21,690
1974/175 270 3,480 2,130 27,542
1675/76 394 4,990 1,094 13,848
1876/177 195 2.402 630 7.743
1977/17 304 3,676 1,361 16,410
1978/79 57 664 1,108 13,045
1979/80 723 8,322 2,086 23,924
1980/81 85 957 1,004 11.302
1981/82 148 1,620 1,085 11.94]
1982/83 316 3,411 1.524 16,416
1983/84 185 1,938 1,884 19,781
1984/85 695 7.159 1,885 19,391
1985/86 35 352 1,163 11,663
1986/87 260 2.539 1,507 14,767
1987/88 583 5,606 2,328 22,359
1988/89 75 705 2,063 19,305
1989/90 300 2.767 1,234 11,335

Source: Based on data from Bangladesh Bureau of Statistics, Statistical Yearbook 1983. (Dhaka: BBS,
1990).

* The fiscal year starts in July.
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where pg'refers to the ration price of grain i at time 7. When the difference between market price
and ration price decreases, monetary offtakes are also expected to decrease.

The analysis of the demand for ration distribution shows that ration prices of rice kave had
a significant impact on ration distribution, whereas for wheat ration prices this is not the casc (see
table 62).

Imports

Traditionally, imports of foodgrains in Bangladesh (see table 63) have been the domain of
public monopoly. The most powerful factor affecting imports bas been food aid, which in turo bas
been responsive (o both public stocks and expected production shortfalls.

A simple model of import demand where imports (m) arc related to world prices (wp),
public stocks (stock), domestic production (q), and lagged imports is estimated.

m) = g(wplstocki,q.m,,), [106]

The analysis shows that imports have not been influenced by world prices (Table 64). This
suggests that non price factor such as food aid are more powerful determinants of imports. The
significative effect of public stocks suggest that impoits are extremely important in replenishing public
godowns, in order to maintain thewn around a certain security level. lo the case of wheat, imports
are also significantly affected by the level of rice production.

4. A MODEL OF THE PUBLIC FOODGRAIN DISTRIBUTION SYSTEM IN BANGLADESH

Foodgrain prices are determined by the interrelationship between private sector decisions
concerning production, consumption, storage, and marketing, and government sector decisions related
to public distribution, procurement of domestic production, imports, and stock management.
Whereas, in describing the behavior of the private sector, prices may be assumed as given, for the
public sector this is not the case, since a large number of options for affecting prices are available
to the government. Therefore, in modeling the interaction betwecn the government and private
sectors, there is an asymmetry of behavior in relation to prices. The design of stock policy should
take into account this kind of asymmetry.

The foodgrain sector in Bangladesh is represented mainly by rice and wheat. Whereas rice
is predominant in production, contributing more than 95 percent of total foodgrains, wheat is
predominant in public distribution, mainly because of the quantities made available by food aid.
Given the substitutability of rice and wheat, the demand for these grains has to be determined
simultaneously. Government operations, in both distribution and procuremeat activities, affect prices
of rice and wheat. Both commodities are storable and, especially for rice, there is a very active
network of intermediaries between farmers and consumers (Crow and Murshid 1989, Chowdbury
1992). As secn in chapter 3, one fundamental aspect of this ne*work is the presence of storage along
with a demand for storage generated by profit motives.

The Model
In equilibrium, demand for foodgrains is equal to marketable supply,

d = ms, [107]

where d' is the demand for grain i at time 7, and msg/ is the marketable supply of grain i at time 7.
Marketable supply is given by production plus the et distribution from the government, since
exports of foodgrains are cither not allowed or are not yet feasible, and imports are monopolized by

~
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Table 64—Estimated equations for imports of rice and wheat, 1975/76-
1990/91 -

Variable Coefficient t-statistic

Rice imports equation

Constant 1.44 1.95
wop, 0.94 0.a
stock:, -0.28 -3.89
stock, ~0.187 ~0.28
a ~0.0009 -0.20
m, 0.23 1.99
N 63

R 0.28

SEE 0.94
Vheat imports egquation

Constant 5.24 2.24
wop, 9.80 0.80
stock:, ~0.45 =2.14
stock!, -0.53 ~2.32
q 0.027 2.09
mn, 0.028 0.19
N 63

R? 0.24

SEE 2.69

Source: Estimated by the authors, based on data from Bangladesh Bureau of Statistics, Monthly
Statistical Bulletin, various dates.

Definitions of terms:

wopl wopr- world prices of rice and wheat in period ¢;
stock:,, stockn = opening public stocks of rice and wheat;
q:- domestic rice production in period t;

m,. m, = lagged imports of rice and wheat;

SEE = standard error of estimation.
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government. The distribution by the goverament counsists of monetized distribution through rationing
and open market sales, and in nocn-monetized distribution such as food-for-work, gratuitous relief,
and vulnerable group feeding. To obtain the net distribution from public stock, procurement has to
be subtracted from total offtakes. Therefore,

ms = g + mol + nmof + oms, - qp,, (108)
where g, is the production of grain i at time 7, mof denotes monetary offtakes of grain i at time 7,
amof denotes nonmonetary offtakes of grain i at time 7, oms' denotes open market sales of grain i
at time 1, and qp' is procurement of grain i at time 7.
Note that this equation allows computation of the demand for foodgrains, which consists of
both demand for consumption and demand for storage. This can also be expressed by saying that
the marketable supply of foodgrains is either consumed or stored; that is,

ms = ¢ + Ax, [109]

where ms is the marketable supply of grain i as of time 7, ¢' denotes consumption of grain i as of
time r, and AX = X,, - X denotes the variation of private stocks of grain i as of time 7.
Unfortunately, time series data on eitber consumption or private stock are oot available on
an aggregate basis. Therefore, both consumplion and private stock changes have to be expressed in
terms of underlying variables such as prices and income.
In particular, consumption of grain i will be expressed as a function of its own price, ph, the
price of the substitute grain, p (where i#j), and income, y,:

d = g(phphy.)- (110]

Private storage will depend on the difference between expected prices for the next period and current
prices, so the change in private storage can be expressed as follows:

A’du = glz(AP:ﬂ,nAPi)- {111}
where A is the difference operator, and pi,,, is the price of grain i expected to prevail at time 7 +1,
hased on the information available at time 7.

The expression for the change in private stocks can be derived from an underlying model of

private storage, similar to that of chapi-r 3. As a result of this analysis, the behavior of the private
sector can be described by the following set of equations:

i

o= f(eln,,), and (12}
and

pl = L(p',.p.yphmsin ), (113]

where the n'}’s are error terms.
The set @' of instrumental variables is

q = (stock’,,,m!y,.losses,) ' (114]
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where stock! is ending period public stocks of grain i at time 7, m! denotes imports of graio i at time
r, and losses! denotes rice losses at time r.

A three-stage least squares estimation of the system is implemented to take into account the
simultaneity of the price of rice and wheat.

The complete specification of the foodgrain dynamic system is given below:

fla, = 8, + astock’, + a,m’ + alosses, + agy, | t115)
P+ = b, + bystock?, + bym> + bJosses, + byy,, {116)
P = & + &Py + oy, + opl + oms + oy, (117)
py=d, + dp7, + dyff,, + dp' + dyms? + dgy, [118)
stock] = &'stock’, + m’' + qp'- mof} - nmof - omg, [119)
stock} = §~stock), + m} + qp~ mof* - nmof* - oms, (120)
ms; = g, + mof, + nmof], + oms! - qp!, and [121)
ms’, = q + mof’, + nmof’, + oms" - qp%. [122)

Equations (115) and (116) forecast the next period price by using opening public stocks, imports,
forecast of rice losses, and income. Equations (117) and (118) relate the current prices of both rice
and wheat to the lagged price, the forecast of future price, the marketable surplus defined in
equations (121) and (122), and income. Not= that income and current price of the alternative
foodgrain come from the demand for consumption, whereas the lagged and expected future prices
come {rom the demand for private stocks. Equations (119) and (120) give the law of motion for
public stocks. '

Estimation of the Model

The system specified above bas been estimated by three-stage least squares using seasonal
observations from 1975/76 to 1990/91. Each year contains 4 seasoos, and 63 seasons have been used
in the estimation. Prices are deflated by the index of manufactured goods and quantities are in per
capita terms. For a description of the data see Appendix 2.

The first two equations reported in Table 65 give the instrumental variable estimation of
future price, pl,,. All the va-iables have the expected sign and most of them are significant, In
particular, opening stocks bave an important negative effect on future prices. Since imports add to
the available supply, their coefficients are expected to be negative; nevertheless, the coefficients are
not statistically significant. Losses in rice production that originate from cyclone, drought, and flood
affect future prices because of an expected shortfall over the upcoming period. For rice, the effect
of losses on prices is significant, whereas the opposite is true for wheat, mainly because the bebavior
of expected wheat prices is heavily influenced by the predominant role of wheat imports in the public
distribution. Income positively affects future prices by increasing current consumption and lowering
the supply available in the future. .

In terms of goodness of fit, the price equations explain a good deal of the total variation of
prices. For rice, the speculative effect of future prices on curreat price is particularly important, as
demonstrated by the coefficient of p!,,. In fact, the coefficient of future price is of the same order

20
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of magnitude as the coefficient of lagged prices, indicating a support for the bypothesis of profit
maximizing demand for storage (sec chapter 3). Both wheat prices and marketable supply have the
expected signs. Wheat prices bave a positive effect on rice price due to the substitutability of rice and
wheat in consumplion.

locome does not bave a significant effect on current prices, mainly because its influence is
captured by future prices pl,,. For wheat, it is noteworthy that the speculative effect is not
significant. This has suggested a reestimation of the model with the constraint of zero coefficient of
future wheat prices. The reduced form of this estimation is the one that is used in the simulations.

The model tracks the price of rice and wheat quite well. For rice and wheat, the root mean
square error for the overall period is 11 and 12 percent, respectively. For more recent samples, the
performance improves. For example, for the period 1985/86-1989/90 it is 4 and 5 percent,
respectively. Within this model, the tracking of stock variables depends on the accuracy of the data
on both procurement and offtakes. The balance equations for stock (given by equations {119] and
[120)) are the basis for the tracking of stock variables. The less than perfect match between predicied
values and actual values is due to unreposted storage losses. By applying a storage decaying factor
of 6 percent it is possible to improve the dynamic simulation of stocks corsiderably.

5. CONCLUSIONS

Foodgrain policy in Bangladesh affects the public stocks through decisions involving imports,
domestic procurement, and public distribution. In turn, these decisions impinge upon the available
supply and prices. This chapter has given the specification and estimation of a dynamic model of the
foodgrain system that tries to link the decision of the government and the private sector. In so far
as the model gives the reaction of the private sector to government policy, it bas to be taken into
acco'nt in the design of policy. Its main advantage lies in a combination of <esirable features, such
as commodily disaggregation, scasonality, and expectations, with enough flexibility *o be used in the
analysis of different policy issues. The madel serves the purpose of a planning tool in the formulation
and evaluation of different policy options to be undertaken in the next chapter.
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Table 65-Estimated equations of the f{'oodgrain system, 1975/76-1990/91

Variable Coefficient t-Yalue
Equation for lead price of rice
Constant 0.2258 11.6554
stock! -0.0081 -4.2425 @
m -0.0026 -0.8285
Tosses, 0.0025 3.0879
Y, 0.0003 8.0605
Valid cases 63
R 0.63
SEE 0.03
Equation for lead price of whaat
Constant 0.1442 11.14]12
stock) -0.0028 -2.6875
L -0.0002 -0.1983
losses, 0.0000 -0.0535
v, 0.0002 6.4952
valid cases 63
R 0.43
SEE 0.02
T -~ e ce epquation
Constant -0.0627 -2.7611
P 0.3209 5.908]
P, 0.5569 6.3696
Py 0.8572 5.3662
ms, ~0.0008 -9.8340
Y, -0.000] -2.5276
Valid cases 63
R 0.84
SEE 0.02
Wheat price equation
Constant 0.0509 2.5425
Per 0.2761 2.7483
Ly 0.2295 2.4873
ms} ~0.001¢ -1.6609
Y, 0.000! 1.8683
Valid cases 53
R? 0.61
SEE 0.02

{continued)
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Table 65—Continued

Source: Estimated by the authors, with seasonal data.

pDetinitions of terms:

stocﬂ

m
losses,

¢

stock of grain i st time t;

imports of grain i at time t;

losses of r ~e during time t;

fncome at t: t:

price of gra: at time t;

instrumental viriable estimation of price of grain i at time t+l:
marketable supply of grain i time t;

refers to season (season 1, July-October: season 2, November-February;
season 3, March-April; season 4, May-June); and

standard error of estimation.



CHAPTER 9: POLICY EVALUATION

1. INTRODUCTION

This chapter presents the results of the evaluation of different policy options. Each option
consists of a set of well specified policy objectives, a sét of constraints including the dynamic model
of the foodgrain system, and a sel of policy instruments needed to achieve those objectives. The
evaluation of different policy options is done based on a series of criteria such as price stability, fiscal
cost, foreign reserves needed to import foodgrains, and the level of public stocks. The comparison
of different outcomes allows the policy makers to gain a better understanding of the trade-offs
involved in the different options. Such an understanding is important to improve upon the current
policies.

For policy evaluation t ¢ mc. ful, a relevant bascline has to be considered. The
baseline refers to the three-yea. period 1988/39-1990/91, a total of 12 scasons (cach year comprises
four scasons), and is characterized by cnough variability including a “bad” year (1988/89), a "good”
year (1989/90) and one "pormal” year (1990/91). The choice of the baseline reflects the movement
of the foodgrain sector toward a sustained growth of production.

The baseline for these simulations is constructed by taking exogencus values and
predetermined variables at their historical values and running the reduced form of the model in order
to get the endogenous variables (prices and stocks). In the policy options presented below, open
market operations and imports are policy instruments that, as such, are choice variables in the
optimization problems considered. Their counterparts in the baseline are open market sales,
procurcment quantitics, and imports actually performed by the government during the pzriod 1988/89
to 1990/91. The totnl cost for the baseline is more than Tk 21 billion, the coefficient of variation of
rice prices is 6.4 percent, and the average foodgrain stock level is nearly 1.1 million tons. The
. . of variables and costs in the baseliac are reported in table 66 and 67.

The insight gained from this type of exercise facilitates comparison of different policy options
with the one that is already in place from the perspective of the government's objectives of ensuing
price stability, cost efficiency, and food security.

An important clement of policy evaluation is the operational feasibility of alternative options.
Th chapter concludes with an indication of how the optimal rules can be approximated at the

implementation stage.

2. EVALUATION OF POLICY OPTIONS

This section gives the results of the solution of the difterent policy options considered in
chapter 8. To facilitate the reading of the chapter, cach options is summarized with a flow-chart
indicatling the objectives, constraints, and instruments that characterize cach policy. When
appropriate, the formal mode! used to conduct the numerical estimation of the policy is also
introduced. The summary statistizs of the various policy options are reported in table 68.
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Table 66-Variables in the baseline, 1988-91

Yo Price’ Stock Open Markst Operations’ __bmports
Season’ Rice Wheat Rice Whest Rice Whast Rica Wheat
(Tk/maund) (k2cgiensizanite)
1988/89
Aus 358 222 6.1t 3.08 0.36 047 0.33 1.35
Aman 37 224 496 8. 04 0.35 0.2t 11.75
Winter 386 223 4 5.42 0.75 0.03 0.18 332
Bora k) 23.2 42 8.28 0.12 0 0 355
1889/90
Aus 378 23.3 6.53 8.88 0.02 0.01 2.36 1.66
Aman 2 21.9 8.83 468 0.04 001 - 04 0.87
Winter A5 21.6 8.65 32 0.09 0.01 on 0.67
Boro KR 226 8 441 0 0.03 0 257
1890/81
Aus KB 227 8.13 8.73 0.24 0.04 0 8.06
Aman N3 218 451 45 0.23 0.06 0.01 2.79
Winter 36.8 221 3.24 5.78 0.16 0.02 0.01 373
Boro 36.7 231 5.52 5.37 0.1 0 0.08 2.18
Mean 356 224 5.72 5.56 021 0.09 0.3% 3.87
Stenderd
devisticn 23 08 1.86 1.7 o 0.15 0.66 32

Sowce:  Estimated by the suthor.

Note: The bassine is obtsined by simulating the foodgrain mods! for the period July 1889 ta Juns 1891.

* The seasons cre dafined as follows: sus, July-October; aman, November-Februsry, winter, March- Apeil; and boro, May-
‘Jlg:ms ore defiated by the indez of menufactured goods.

' Vositive open marke! operations have to be interprated as open marke! sales; negative opsn markst opuraticns have to be
imerpreted as domestic procursment,

%5
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Table 67-Costs in the bateline, 1988-91

Your] Procursment Ration  Open Markst Totel Foreign Cash
Season’ Cost imports Sales Salas Cost’ Exchenge Outflow!
(Tk milion) {US1 mSkon) {Tk million)
1088/89
Aus 1n 1224 2236 805 -346 38 -1089
Aman 554 8347 2402 808 5891 259 1081
Winter 135 2492 857 820 1151 7 -507
Boro 1376 2447 1067 120 2635 76 842
1989/90
Aus 1615 7783 3224 26 8158 24\ 1831
Aman 3724 886 n7 4 1851 k)| 1443
Winter 280 656 1664 108 -836 16 -1267
Boro 2890 1585 1332 23 38 45 2046
1880/91
Aus 1444 3120 4457 201 -184 68 -2286
Aman 14N 1409 4865 7 -2362 33 3313
Winter 483 1871 1541 210 3 55 817
Boro 3851 1239 1361 117 3611 3% 2810
Meon 19104 33188 27823 n47 21401 1001 284
Stendard
deviation 1213 2472 1285 255 2524 77 1780

Source:  Estmated by the suthor.
Note: The baselne is obteined by simulr’ing the foodgrsin model for the peric” July 1889 to June 1891,
* The ssasons are delined as foSows: sus, July-October; eman, November-Fsbruary, winter, March-April; end boro, May-

June.
* Total cost= procursment cost + cost - ration salas - open rsrist seles,
‘' Cash outflow = total cost-forsign ex ..

%0
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Tue Benchmark Policy: Price Stabilization cum Cost Minimization

—

1 Food Securtty Stocks Pnce Stbivzabon :

2 Dyramic Markel Response Open Markel Operalons Benchmark
e —

3 Capacity Constiaints

4 Maximum Procurement Cost Wnimzation Impots

5 Foreign Reserves

The baseline gives the behavior of prices, and stock when the exogenous variables ase kept
at their historical level. The benchmark case gives the outcome that would result if policy were
desigued and implemeanted according to the approach outlined in the previous two chapters. The
objective of the policy is to minimize cost and to guarantee cnough price stability and public
distribution so that the concern for food security is properly addressed within the resource basis
available. Open market operations and imports are the maio instruments available to reach these
objectives. Opeo market operations are bere regarded both as open market sales and as open market
purchases. The main difference with respect to the dual system of the past are that: i) open market
operations are undertaken at market prices and not at fixed prices; i) open markel purchases are
undertaken in the open market, and oot through a system of licensed dealers such as in the old
procurement system. The design of the policy should take into account the behavior of the private
sector, in particular of the effect of consumption and storage decisions upui prices.  Finally, the
policy considers a series of constraints originating from capacity availability of {foodgrain storage
(acilities, from minimum stock requirements decmed consistent with food sc-urity and normal
operations, and {rom foreign reserves availability.

Formally, the beachmark p-licy consists of choosing a path lor imports, open market sales,
and open market purchases of both rice and wheat to minimize the cost of food operations as [ollows:
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BENCHMARK POLICY
T
min Y Y Ajwop!m! + plomp! + c(stock) - ploms) - prmof]],
=t ey,
subject to equations:
et = f(000,), and (123]
P, = fiLub..yphisinl ), (124)
where
ois' = q' + offtakes' - (oms' - omp)), 1125}
stock! = §'stock! | + m! - offtakes! - (oms! - omp)), [126)
stock! 2 GL.. 1127]
stockl < G, (128]
L, woplem! < F, {129]
omp, < 7°4q, (130
Ipi-61 < co4-0,and [131]
p.m > 0, (132)
wherei=rwand r = t,...T.

These choices are subject to the constraints given by the dynamic system of the [oodgrain
private sector (equations [124)-(126)); minimum stock requirements to guarantee the flow of stock
operalions (dead stocks) and food security (equation |127]); capacity constraints of maximum stocks
(cquation |128]); foreign exchange constraints (cquation [129]); constraints on maximum domestic
procurement (rquation {130]); constraints on price variability (equation [131]); and non-negativity
constraints (equation [132]).

The parameters used in the model are: GL., = 8, corresponding to 842,000 metric tons; Gz,
= 12, corresponding to 1,263,000 metric tons; G',, = 2.0, corresponding to 210,000 metric tons; G,
= 3.5, corresponding 1o 316,000 metric tons; 7 = 05;6 = 0.94; and Fr = 10, corresponding to
US$956 million.
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With a total cost equal to only 57 percent of the baseline (that is, Tk 12.2 billion), it is
possible to achieve stabilization within a 4 percent band around the target price.  The resulling
deflated rice price variability is given by a coefficient of variation of 3.1 percent versus a 6.4 percent
in the baseline. Tbe fexibility of this policy derives from the use of imports and open marke(
operalions (o lake advanlage of hoth the domestic and the interpational grain markets. This implies
a more effective import policy and more active open market operations. The average foodgrain stock
is 920,000 toos.

Some interesting patterns emerge from a comparison of the beochmark with the baseline.
As already mentioned, the role of open market operatioans (both including open markel sales and
domestic procurement) is highlighted. Rice purchases are extensively used during the post-harvest
periods and rice sales are used to control price bikes in the winter scason. The effect of very high
levels of purchases in the open market is responsible for the considerable cost of procurement.
However, most of this cost is offset by frequent open market sales, the purpose of which is both to
lower total costs and to reduce price volatility. Import costs are slightly lower than in the baseline,
mainly because there are no rice import, even though wheal imports are slightly higher.

Price Stabilization via Open Market Operations

Policy
@ Option

1 Food Securty Stocks
2 Dynamic Markel Response e Price Stabilizabon =% | Open Market Operations
3 Capactty Constraints

4 Maximum Procurement

Itis useful to compare the beachmark policy with other policies obtained either reducing the
oumber of instruments or the number of objectives. This section coasiders the policy option of
stabilizing prices only through the use of open market operations. The specific objective is lo minimize
the variance of prices around the target price. Imports are kept at the baseline level. Stabilization
is perfect and is achieved al approximaltely 82 perccot of the cost of the bascline, that is, about Tk
17.6 billioo. The result is due to an intensive use of open market sales and dome=stic procurement.
The rice price variability is reduced to a coefficient of variation of 2.7 percent. Note that in this case
both imports and monetary offtakes are kcpt at their historical levels. If imports were eliminated it
would not be possible (o sustain the level of offtales specified o the simulation. This is because
domestic procurement of wheat is insufficient to meet the demand of wheat through both mooetized
and nonmonectized channels of the public food distribution system.  The comparison 1o the
benchmark case shows a higher cost and a higher average stock level (1156 thousand metric tons
versus 920 thousand metric tons).

4o
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Price Stabilization via lmports

1 Food Secunty Stocks
2 Dynamic Markel Response — Prce Stabilization el Imports
3 Capactly Constraints

4 Maximum Procuremenl

Import

Whereas in the price stabilization policy considered above open market operations were used
as a policy instrument, in this section only imports are used to stabilize prices. Open market sales
are kept at their historical levels. The effect of imports is felt through future prices. Since imports
affect the expectations of future prices negatively, they also lower current prices. The price variability
is now given by a coelficient of variation of 4.82 percent. Compared with the case where open
market operations were the only policy instrument, the total cost associated with the import policy
is now higher (Tk 20.6 billion versus Tk 17.6 billion). The total cost of the policy is just 7 percent
lower than in the baseline. The main reason for this relatively high cost is that stocks are not used
elficiently. In other words, an import policy divorced Jrom a stock policy is not effective. This suggests
that in order to look for a real improvement in both cost and stabilization, both trade and stock
policy bave to be used, as in the benchmark case. The average foodgrain stock level for this policy
15 909,000 tons.

Cost Minimization Policy

olicy
SN

1 Food Secunty Slocks COS[

2 Dynamic Market Responsa Open Marke!l Operations e ,

3 Capactty Consiraints — Cost Unimyaton —P mlmlzat' 0
4 Maximum Procurement and Imports

S Foreign Reserves

In this case the only objective of the policy is to minimize total cost to carry out public
distribution. Both open market operations and imports are used (o achicve this objective. The
outcome is a policy path that results in a total nominal cost of Tk 12 7 billion. The present value of
the deflated cost is equal to 4.62 versus 5.15 in the case of the benchmark (sec table 70). Uader this
scenario, the government allows the prices to move up to a relatively high level saving quite a bil of

41
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resources in domestic procurement. The rice price variability is about 4.9 percent. The average
foodgrain stock level in this case is 645,000 tons. The effect of cost minimization is to reduce the
amount of public stock almost to their minimum level. The cost difference between the benchmark
ard the cost minimization policy can be regarded as a measure of the cost of price stabilization, since
the two policies differ only in this respect. In real terms, the price stabilization costs 7.2 percent of
the bascline cost. In nominal terms this difference is blurred by the fact that both benchmark and
cost minimizatiot. policy give almost the same amount. However, the major conclusion is that price
stabilization does nol appear (oo expensive.

No Ration Policy

1 Food Security Stocks
2 Dynamic Marke! Response Price Subizabon Open Market Operations ,
3 Capacity Constraints — ) NO Rahon
4 Mavmum Procurement
5 Foreign Reserves

6 No Ration Distibution

Cost Ummaabon imporis

The purpose of this policy option is to consider what is the effect of abolishing that part of
monetary offtakes known in Bangladesh as ration distribution. The idea behind this policy is that
ration distribution has been considered very deficient in reaching the poor. lts elimination wou!d then
save resources o the public sector, without compromising the food security of the population. The
outcome of the pelicy is a total cost of Tk 8.1 billion, ecual to 30 percent of the baseline. Price
stability is implicit in the implementation of the policy, and rice stock are reduced to about 940
thousand metric tons

Transfer Policy

: ohcy
Objectived Qption

1 Food Secunly Stocks
Dynamic Markel Response Pnce Stabibzabon Open Markel Operations
Capacity Constraints S Y

2
k]
4 Maximum Procurement Cost Mmmizabon Imports
5 Foreign Reserves
6
7

No Ralion Diginbution
Increased Food Translers

(o
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The interest of this policy lies in understanding the effect of a redirection of the public
distribution system, from a subsidy orientation toward a direct transfer orientation. The idea behind
this scheme is that targeting of the needy population is much more effective in the so called non
monetary channels such as food for work and vulnerable group feeding The interesting outcome of
this excrcise is that with a cost 10 percent above the baseline level, the non monetary distribution
could he increase by 34 percent, equal to half the level of current monetary distribution (see table
69). This transfer could be done without compromising price stability, and without depleting public

stocks

Trade Policy

1 Food Secunty Stocks

2 Dynamic Markel Response
3 Capactly Constraints

4 Maytmym Procyrement

—

Price Stbil2abon

Cost Urimizabon

Open Market Operatio

Imports and Exports

S

§ Foreign Reserves

The trade policy differs from the benchmark in so far as it allows both import and export
of foodgrains besides doing open market operations. Since a new policy instrument (exports) is
allowed, the policy gives much better outcome, with a total cost of only Tk 2.9 billion. Noteworthy
is the incentives to export rice in the intemational markets, where the quantity of export is limited to
half a million tons in any season. Massive amounts of wheat are imported, giving more credibility

to the swap of rice exports for wheat imports mentioned in chapter 5.

Price Band Policy

1 Food Secunty Stocks

2 Dynamic Market Response
3 Capaaty Constrainls

& Maximum Procurement

|on ~

Price Stabilizabon

Open Markel Operalions

Price Band

/
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The apparent simplicity of price band rules is quite deceiving. These rules are usually very
difficult to implement because they are either not feasible, or they give rise to speculative attacks with
a resulting public stock, or they give rise to an exaggeraled accumulation of stock with associated high
cosls.

In the simulation of a rigid price band policy, for example, it was found that the scheme was
ot feasible to support the baseline level of public distribution. For the level of baseline public
distribution to be implemented within a pricc band scheme, further imports are necessary. By
intervening in the market without the discretion coming from new information, the buffer stock
managcr creates the opposite result of excessive low expectations. The outcome is an accumulation
of public stacks together with a very low average price. Public stock are now about 1.363 million
metric tons. The price variability is not contained within the band, mainly because the policy does
oot allow to get rid of high public stocks. Therefore, the attempt (o stabilize prices above the foor
of the band is frusfrated by the rule of operations of the policy. Clearly, this outcome could be
avoided if the govetnment were allowing stocks to accumulate indefinitely, but this is not possible
given that public storage facilities have a limited capacity (2 million tons is the level used in the
simulations). The cost of the program is also bigher than in the bascline, reaching a level of Tk 26 1
billion.

Some of these undesirable outcomes may be avoided by planning a more adequate price
band width and a different target price. However, the previous observations caution against an
enthusiastic suppont of fixed rules of operations that do not allow Jor a necessary degree of fleability in
reacting to new information in an efficient way. The substance tha emerges from this analysis is thal
price bands are a very complex policy to plan. One wain criticiem of price bands that should be kept
ip mind is that, unless the band itself is changed periodically, the buffer stock either tends to deplete
to a very low level or to accumulate, at times, to an unmanageably high level. In the simulation
prescoted here, for example, the capacity constraints are binding. since the maximum stock leve] of
almost 2 million tons is reached.

3. APPROXIMATION FOLICY

Tbe analysis of alternative policy options should be complemented with a mention to the
possihility of implementation. A policy such as the benchmark policy is very exacting computationally,
and it requires frequent forecast of exogenous variables.

In this section the beachmark policy is approximated with a simpler rule. The objective is
lo construct » policy that can be easily related to current information, and is “close" to the optimal
patb.

The optimal policy is a function of all information available. The relation between the policy
and the information is generally very complex. What is needed is to specify a simpler relation
between the policy and a subset of all available information. The idea is to express the optimal policy
as some computable function of currently available information, such as production, stocks, world
prices, elc.

The method followed to obtain this approximation is to use slochastic simulation. A series
of random shocks to production generates different paths of exogenous variables from which by
regression analysis the coefficient of the function relating the policy to current information could be
obtained.

If x"is the optimal solution of a policy problem such as the one described in equations (123)-
(132), thz problem becomes to find a path x*that approximates x. In particular, one would like to
bave a feedback policy, expressed as a function of the state variables, that behaves “similarly” to the
oplimal 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 subser |, of the set of state vaniables 2,
The variables in ¢, should be considered particularly useful to convey information upon which an
open markel 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

2
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feedback rule, the possibility that some incquality constraints may be binding has to be taken into
account. Therefore, a fruncated version of a linear rule is more likely to satisfy those constrainis.

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

Zay = A0z, + B, -x,
and the inequality constraints,
l, <2z < u.

v .

Then the approximating policy rule is given by

L.g, ifl, <A -z +B, L, <u,, f133)
X=  Bl-(L.,,-A -2) ifl,,2A,+2 + B, L, and [134]
Bl-(u.-A +2) fu, <A -2 ' B, L, {135)

where B* is the generalized inverse of B.

The matrix L is obtained by performing a stochastic simulation of exogenous variables in
and computing the optimal policy numerically. Then the coefficients of a regression of this numerical
solution over the varialle in {, give the vector L. Equations (133) to (135) define a truncated Linear
rule to take into account the inequality constraints,

The methodology as applied to approximate the benchmark has given good results. The
optimal policy instruments given by open market operations and imports have been approximated by
a function of rice production, wheat production, rice opening stacks, wheat opening stocks, and lagged

value of the instrument under examination. If the policy instrument is denoted by instgi then

instg' = f'(qghstock’, stock* instr',). {130)

Therefore, only production, opening stocks, and lagged values of policy are in the feedback
expression.

It is remarkable that the approximate policy tracks the optimal solution quite well (Figures
2210 26). In terms of outcome, the total cost of Tk 16.3 billion represents a saving of § billion Taka,
or 24 pereent with respect to the baseline. The averaze foodgrain stock level is 1014,000 tons.

4. CONCLUSIONS

This chapter concluded the third stage of the design of stock policy started in chapter 7. By
presenting the structure of various policy options, it was shown that flexible use of opeo market
operations and imports may substantially reduce costs without compromising, price stability and food
security, The results of the various policies are summaried in table 70. The formalization of the
various stages may prove useful to guide policy in the implementation of its programs, making the
process of policy design more transparent, '
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Table 69-Extent of transfer from monetary to non-monetary distribution

Total offtakes Monetary Non-monetary Number of people Transfer = 0.5 monetary Transler as a Total non Number of peopie who
ofttanc: oftrakes who could be distribution percantage of monatary could be snuitied to non
Your enutled 1o non non-monetary distribution ~ monstary offlakas after
monatary offtakes distribution the transfer
belors the transfer
{000 MT) (millions) (percany) {("000 MT) {milions)
1888/8¢ 2685 1413 1272 706 56 1878
1889/80 1881 781 1180 385 33 1585
1890/81 2256 682 1574 31 22 1815
Avarage 2307 862 1345 8.054 484 37 1828 10.834

Ho
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Table 70-Average Stock, total cost, and rice price variability under

various policies

Avetngs Tota! Totsl Nominsl  Real Cast'  Rice Price

Foodgrein Stock Cost Varisbility

{1000 Metric tons) (Take milions) (potcam)
Busekne’ 1187 21401 3.88 8.48
Banchmark' 820 12248 5.15 3.06
Prics Stabdzation vis open marke! operations' 1156 17638 5.36 2.86
Prica Stabdizetion via imports’ 809 20636 6.59 482
Cast Minimazation' 645 1277 462 49
No Ration' 840 8161 3.85 3.3
Tronsfert 828 23736 8.59 334
Trade' 924 2823 235 3.65
Approximation to the Benchmark’ 1014 18329 5.51 419
Rigid Price Band 1364 26380 B.44 8.45

Notes: ' The basekne is obtsmed by simulsting ths foodgrain model for the pariod July 1989 1o June 1891.

* The Banchmark Policy refars to price stabilzation cum cos mingmization. It uses opan market oparations and imports 1o
minimize the total cost of food operstions.

* The Price Stabilzstion vis opan markat operations uses open market opatstions to minimize the veciance of rice prices
sround the terget.

‘ The Price Stabitzstion vis Imports Policy uses imports to minimize the variance of rice pricas sround the targ ot

* Tha Cost Minanization Policy uses open marka! operations and nports to minimzo the totsl cost of food operations with
concern for price stabilzation around the target.

" The No Ration Policy refers to price stablization cum cast miramization, when ration distribution is elminated 1 uses ope
market operations and imports to minanize the total cost of food operstions

* The Transfer Policy refers to price stabilization cun cost minimaation, when one half of ration distribution is skminated o
the other half is transfered directly 83 normonetary offtakes.

* The Trade Policy refers to price stabdzation cum cos minanization |t uses open market operations and both imports and
®xports to minimas the totsl cost of food operstions

' The Approximation Policy is an spproximation 1o the benchinark pobcy computed by stochestic simulation of production
shocks.

| The Rigid Price Band is a fxad ruls that trims 1o keap prices within # Lond, intervening through open markat operations on
when pricas are ot the cefing of the floor of the band.

* Raal Cost is the prasant valus of totul cost computed with deflated pricas and per cepita quantitias.

y
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