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Like many countries, Kenya is faced with the difficult task of managing a 
high degree of production instability for its staple foodgrain, white maize. 
Government actions and statements reveal at leas' three conflicting goals: 
maximizing self-sufficiency (minimizing imports); minimizing fiscal costs; 
and, minimizing price variability. The present paper examines two analytic 
frameworks, simulation and optimization, for assisting policy makers in 
evaluating the trade-offs amoLg these objectives. The data used in the 
study are specific to Kenya, but the methodological concerns and the effort 
to spell out the operational implications of administering different types 
of policies are relevant to all countries in which high variability in staple 
foodcrop production has prompted government intervention in domestic 
markets. 

BACKGROUND
 

The first goal, self-sufficiency, is less a commitment to the politics of 
independence than it is to a preference for white maize. The world market 
for white maize is thin and, when imports ere required, Kenya is forced to 
import yellow maize. This is viewed as a policy failure by most Kenyans, 
leading to large political costs to the government. The second objective, 
minimizing fiscal costs, is universal but has taken on added significance 
in recent years under pressure from the foreign aid community for greater 
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austerity. Deficits of Kenya's National Cereals and Produce Board (NCPB)
have increased significantly, making the agency an obvious target for budget 
cutting. 

The third goal, pric! stability, focuses primarily on the changes in av
erage real prices from year to year. The government wants farmers to beassured of a reasoLable price and comiumers to be satisfied with the price
and quantity available. Beyond this, however, lies a strong predilection to
control prices directly. Price controls in Kenya date to the Second World
War, are deeply ingrained in the political preferences of the government,
and are most evident in what the government has not been willing to doin several recent years. For example, despite large losses on every ton that 
was imported and sold domestically in 1980/81, the official price remained 
firm. Similarly, when the NCPB ran out of cash buying the bumper crop in1981/82, official prices were not lowered. Moreover, a series of reports like
that of the 1966 Maize Commission of Inquiry have accepted the price sta
bilization objective without commenting on the possible trade-offs between 
it and other objectives. 

Government's Tools: Stocks, Trade, and Price Variability 

Given the above objectives, the government requires a strategy for
answering several questions. With knowledge of the stock on hand, the
world price, and present production as well as expectations about next
year's values for these variables, how should the government intervene in
the domestic market? How many tons of grain should be carried over into 
next year? How much should be imported or exported? And, how much 
should prices be permitted to vary?

A so-called stabilization policy is simply a systematic way of deciding
under what circumstances to use each of these mechanisms. One frequently
discussed policy of this type is a buffer stock price band scheme where do
mestic prices are permitted to fluctuate only between pre-set maximum and
minimum prices. The government guarantee is made good through salesfrom stocks and purchases into stocks. Government imports and exports
may also be permitted, triggered by pre-set leveis of government-owned
stocks. For example, if stocks reach a maximum level when the government
is defending the floor price, all additional grain purchased domestically may
be exported. 

The costs and benefits of a price band scheme can be estimated through
the use of Monte Carlo simulation techniques. Simulation also permits the
analyst to vary both the underlying parameters of the commodity system
and those of the policy itself in order to examine questions of sensitivity
and trade-offs among objectives. However, simulation of a particular set
of administrative rules omits from consideration other policy instruments
that might achieve the desired goals at a lower cost. For example, allow



267 PRICESTABILIZATION 

ing a scheme to be responsive to world prices might significantly affect its 
efficiency and the trade-offs among conflicting government objectives. Un
less specifically explored with appropriate parameter and rule variations, 
simulation will not provide this information. 

An optimization model chooses the best level of policy variables for 
each possible combination of stocks, production, and world price given an 
objective function and will explore the policy alternatives more completely. 
Although optimizing is more difficult, there are several reasons for using this 
method rather than simply simulating additional chosen policies. The op
timizing process screens all possible policies and chooses the best, insuring 
that trade-offs between objectives are measured accurately. When optimiz
ing a multi-dimensional objective function, trade-offs between objectives 
are measured by varying the weights assigned to the various objectives. 
For example, if the emphasis on price stability is increased, optimization 
insures that policies are adjusted so as to insure that the cheapest method 
of increasing price stability is chosen. 

Furthermore, once an optimal policy has been identified, it can be sim
ulated in the same way as price band schemes so as to permit direct compar
ison with policies based on administrative rules. The optimal policies and 
administrative rules can be compared and administrative rules adjusted in 
ways suggested by the optimal policies. It is this latter procedure, using 
simulation methods to evaluate the returns to components of increasingly 
complex policy packages, ccmponents identified by the optimization model, 
that forms the backdrop of the present paper. 

Maize Policy in Kenya 

By law, the government controls maize marketing within the country, 
with the NCPB acting as its agent. Before planting each year, the govern
ment announces the price at which it will buy maize at harvest time.' The 
NCPB is supposed to purchase all of the maize that it is offered at this 
price, and to supply all that millers and agents want to purchase at the 
corresponding selling price. All foreign trade is handled by the Board, but 
trade decisions are made by the Cabinet, not the NCPB. 

The law makes most commercial transactions other than those through 
the board illegal. Farmers may sell maize to families who consume it di
rectly, but may not sell to traders or institutions. These restrictions are 
rarely enforced, and trade within district boundaries is relatively free. Re
strictions on the movement of maize, however, are enforced much more 
rigorously than the restrictions on sales. Moving more than two bags re
quires a permit, as does moving maize across district boundaries. 

1 The government also controls correspondin. prices at each level of the mar

keting chain, including the retail price of a two-kilograzt packet of sifted meal, 
but these prices asually are. not announced until a later date. 
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A substantial amount of illegal movement of maize unquestionablytakes place. The government has not given the Board the fiscal resourcesnecessary to fulfill its mandate, and it has not been able to buy all themaize available in bumper years or to provide all that has been demandedin scarce years. Observers have charged the Board with inefficiency andcorruption for not carrying out its mandate. 2 However, it is unlikely thatany organization could succeed. The Board is supposed to buy whatever isoffered at a price over which it has no control, sell whatever is demanded ata second price over which it has no control, export and import only whengiven approval by the Cabinet, and store all stocks remaining. Even an exceptionally efficient organization would lose money under such constraints.With production instability, shocks must be absorbed by governmentstocks, the foreign trade account, or domestic consumption. All three methods have been used in recent years in Kenya. In 1979/80, domestic stocksfell almost to zero, maize was imported, and the NCPB was still unable toprovide all that was demanded from it (The Standard, 1980). The situation in I ;o,1/85 was similar except that government stocks were over 100thousand tons when the imports began to arrive. Conversely, in 1981/82,stocks increased substantially and exports were approved after a lag, butthe NCPB did riot buy all the maize that was offered to it. Within eachcrop year, the NCPB bought and sold only at the controlled price, but itsfinancial constraints meant local market prices varied significantly from official prices. Simulation of these policies will provide estimates of anticipatedtotal costs to better prepare policy makers for providing the necessary fiscal 
resources. 

Organizationof the Study 

In order to examine both substantive trade-offs between various government objectives and the merits of alternative techniques for investigatingthe problem, 
 the remainder of this paper is divided into four sections. It
first describes the basic simulation model of the maize market and then
evaluates basic price band policies similar to those the Kenyan government
has frequently used. 
 The results demonstrate that these policies are both
expensive and will continue to rely heavily on imports.

The next section develops an optimization modelidentification of the most efficient policies 

which allows the 
to accomplish the multidimensional objectives of the government. Specifically, optimal policies incorporate responsiveness to world prices, domestic production, and existing stocklevels. These policies are simulated, and the results compared with price 

2 The Board's many problems have been documented in several studies, in
cluding Bookers International (1983), Schmidt (1979), Hesselmark ana Lorenz 
(1976). 
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band policies. In the third section, the lessons learned from an examina
tion of the optimal policies are applied to price band rules and substantial 
improvements in government policy prove to be possible with only modest 
alterations of the administrative rules. Comparison of the two approaches 
also makes clear, however, that complete optimization of the maize system 
would require a substantial increment in administrative complexity. The 
final section discusses the trade-offs between cost and complexity for the 
researcher and policy maker interested in food policy analysis. 

SIMULATION OF KENYAN MAIZE POLICY 

The basic simulation model used here is similar to that developed by 
the Interministerial Working Group (1983) and illustrated in Chart 1. P" 
is the government's target price and P,,,, and P,,m, in are the "defense" 
prices. If domestic prices are between P,,,,, and P,,a, th. re is no govern
ment intervention. Equivalently, if production falls between Q, and Q2, no 
government action is required. If, however, actual production in year t is 
Qt, +he government would have to sell Q, - Qt in order to keep the price at 
or below P,,,,,. The lower portion oi the chart shows the relation between 
production and government purchases and sales under such a system. in 
theory, the Board must buy all that is produced above Q2 and must provide 
the entire shortfall when production is below Q1. 

Since Kenya has been both an importer and an exporter in recent 
years, it is reasonable to assume their target price P" is approximately 
the long-run equilibrium price. The net purchase rule is clear, but the 
rules for exporting and importing are more difficult to specify a priori. 
Basically, Kenya has allowed its stock position to determine whether or 
not trade should take place, which means that there are maximum and 
minimum stocks levels, S,,.,.. i,,, serve as triggers for foreign and S which 
trade.3 Their difference, S,, -,.,.., measures permitted stocks variability 
and reflects the degree to which stocks can absorb production instability. 
Thus, given a constant target price and symmetric price bands, the policies 
evaluated in the simulation approach differ in only two parameters: the 
degree of price variability allowed and the stock variability. 

The Underlying Model of the Maize Market and Government Operations 

For purposes of the simulation exercise, the maize market in Kenya 
is treated as a single unified market and regional and seasonal issues are 
taken as secondary to the question of how to stabilize national supply. 

3 Imports will not arrive in Kenya until three or four months after orders are 
placed, and hence Sm,,, should be greater than zero. 
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Chart 1.-A Simple Price Band Stabilization Scheme 
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Production is modeled as a stationary, normally distributed, uncorrelated 
random variable with mean Q,. 

Qt = Qo±u, (1) 
where E(ut) = 0 for all t. 

The key assumptions here are stationarity and the lack of supply response to price. Stationarity is a convenience. Chart 2 displays the production data from 1970-1984. The overall trend amounts to 3.3 percentper year. However, production in 1984/85 was reduced significantly by the severe drought. Ignoring 1984/85, the production trend is 4.4 percent.the present model, cousumption is assumed 
In 

to increase at the same rate, 
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Chart 2.-Kenyan Maize Production, Consumption, 
and NCPB Net Sales Activity, 1970-84 
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Source: Republic of Kenya, Ministry of Agriculture, Development Planning 
Division, Nairobi. 

allowing both trends to be ignored. 

The important assumption is the absence of a production response 
to price. In a recent study, Bookers International (1983) reports prior 
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estimates of supply elaticities ranging from 0.15 to 0.95 and their own "bestguess" of around 0.4. Even with this comparatively high estimate,4 the datain Chart 2 make clear that the supply elasticity explains little of actualproduction variability. If expected price varied as much as 10 percent eachyear, production response would account for only a -1percent change. Tilehistorical coefficient of variation of the detrended series excluding 1984/85is 13.0 percent: including 198-1/85, it is 17.9 percent. Thus, by ignorirgsupply response, the model does no serious injustice to the representation
of production variability. 

For the simulation, the standard deviation of production is assumedto be 10 percent. It is a conservative estimate relative to historic levels ofvariation. But, the historic data also capture the effects of major changes ingovernment policy (Klist, 1985; Book; rs International, 1983). Excludingthe effects of the dtrought and policy-induced variations leaves Unexplained
variation of at least 1(percent."


The consumption data are even 
 iore problematic than those on production, and demand is iodeled in the simplest way possible. Annual maizecorsumption is shown in Chart 2, calculated as production less net NCPBsales (shown in the lower portion of the chart). Net of trends caused byincome and )oplation, demand is assuned to be representable b a non
stochastic, constant elasticity curve: 

In(Dt) = C + f?* lt(Pt), (2) 
where e < 0 is the demand elasticity, assumed in the remainder to be-0.3. As noted, the net consumption trend matches the production trendand both aie ignored. Prices of other goods have also been ignored in thismodel because the focus it,on maize policy which is assumed to leave other 
prices unaffected. 

The market is assuned to clear 

Dt = - Xt -Qt + Mt (St - Stl).
 
Demand is equal to production plus imports minus exports less the change
in government stocks. 
 Net government purchases in any year, NPt, arenet exports (Xt - M) plus the stocks change (St  St_1), so the clearing

relation simplifies to
 

4 Timmer, Falcon, and Pearson (1983, p. 109) suggest a "best guess" supplyelasticity for a basic cereal grain of about 0.2 to 0.3 from comparative experience.5 The model was also run with production variability of 12 percent with nosignificant effect on the comparative results. See Pinckney (1986) for details.6 The comparative results presented here were also not sersitive to this as
sumption (Pinckney, 1986). 
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D, = Q, - NPt. (3) 

Private stockholding is ignored in the model. No data exist from which 
to establish either the size or responsiveness of privately held stocks. Sev
eral studies (for example, Gustafson, 1958; Peck, 1977/78; Wright and 
Williams, 1982) have shown that rationally determined private stocks will 
stabilize a market much as government programs will. More to the point, 
gc-vernment storage operations will largely substitute for private storage 
and, thus, models which exclude private stocks significantly overstate the 
effectiveness of government o)perations relative to a "free" market. How
ever, tie free market is not of concern here since the proposed comparisons 
are aimo:tg government policies. Thus, the model assumes that most (if 
not all) of the substitution of public for private storage has occurred, and 
privately held stocks are insignificant in all the policy simulations. 

The model must also simulate world prices in order to determine the 
costs of imports and receipts from exports. World prices are assumed to be 
log-normally distributed as: 

In(I'Pt) = l (t t I )+ in, it , A7\(0, 11.5) (4) 

The hypothesis that the annual percentage change in U.S. Gulf Port prices 
of No. 2 yellow maize from 1957 to 1984 was3; leg-normal with mean zeio, 
and standard deviation of 14.5 percent could not be rejected at the 9(1 
percent level of significance. 

The costs of a stabilizat io program include four components: domestic 
operations, foreign trade, storage, and stock replacement. Costs of domnestic 
operations are 1 * NPt, where NPt is net government purchases, defined 
above to be negative when the government sells maize. Thus, only costs or 
proceeds from the difference between government purchases and sales are 
considered part of the total cost. 

Actual foreign trade costs are difficult to compute in Kenya. Import 
parity prices are usually derived by adding local arid foreign shipping costs 
to the world price, while export parity prices subtract local costs. The situ
ation in Kenya is more complex for two reasons: in any one year, relatively 
small quantities of maize can be exported at a premium, and foreign food 
aid is available. Maize policy should take advantage of both these facts. 

Export premiums are available at least for some exports because white 
maize is a preferred commodity in many neighboring countries in Africa. 
The market is thin, however, and most countries that want to import white 
maize lack foreign exchange. Nevertheless, the World Food Program, for 
example, has purchased Kenyan white maize for distribution to nearby 
areas, mainly Somalia, and passed on the savings in transportation costs 
to Kenya as a substantial price premium. Opportunities for this kind of 
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arrangement are fairly limited; if large amounts of maize were exported, itis unlikely that the premium would be maintained. In the model, Kenyais assumed to receive a $40 per ton premium on the first 80,000 tons ofexports in any one, ear. The premium decreases linearly and disappears
entirely when exports reach 120,000 tons. Formally, 

XRt = 
Xt * (WPt + 40 - XCOST), (5a) 

when Xt < 80,000, 

XRt = Xt * (WPt - XCOST) + (3, 200 + [160 - XtJ/2 * [Xt - 80J), (5b) 

when 80,000 < Xt < 12, 000, and 

Xft = Nt * (1t - XCOST) + 4,000, (5c) 
when Xt _ 120,000. Export costs (XCOST) are constant at $0970 per ton. 7 

On the import side, food aid complicates the picture in two ways. First,Kenya can and has arranged for food aid in crisis years, as, for example, in1979/80 and 1984/85. Although the amounts received as aid in those yearsmay have been larger than usual because of large surpluses in the developed
countries, there is no doubt that for the foreseeable future the United Statesand other donor countries will assist Kenya in times of trouble, but not inyears of miior shortfalls. Even in serious drought years, the first imports
would have to be ordered commercially in order to assure prompt delivery.

Second, relief aid that is distributed freely does not affect demand for
marketed maize and should not be included in the market model's accounting. Finally, although it is difficult to predict responses to a shortfall inproduction, donors are likely to base aid decisions on estimates of the totalsupply (production plus government stocks) rather than production alone
 or production plus planned imports. There is no obvious model to use here,
but donors are assumed 
to make lip 40 percent of the difference between
total supply and 100 thousand 
 tons below normal year production (Q*).

Formally,
 

AIDt = 0 (6a) 

The latest official estimate of the costs to the NCPB of preparing maize forexport is $80 per ton. Purchase and transport costs are expected to decline under
the changes in policy envisaged by this study. Assuming that this decline is 20percent and that the government saves money through the use of some used bags,the figure can be lowered to $70 per ton. This estimate of costs is consistent with 
Schluter (1984, p. 74). 

7 
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when Qt + St-1 > Q" - 100,000, and 

AIDt = 0.4 * (Q" - 100,000 - [Qt + S- 11]) (6b) 

otherwise. Total costs of imports, MCt, are 

MCj = Ai * (WI"P + AICOST) - AIDt * (IVPt + DT), (7) 

where AIDt is the amount of aid, Ai is total imports, DT is the domestic 

component of import costs, and MCOST is import costs, assumed to be $40 
per ton.' These models of food aid and export premiums are admittedly 
arbitrary, but when both food aid and export premiums have significant 
effects on Kenya's maize strategy, it would be wrong to leave them out. 
of the model. The relations formulated above include some reasonable 
sensitivity to these considerations but are certainly not the only way to 
proceed.
 

Costs of government purchases, sales and storage charges are calculated 
as 

(Pt * NPf) + (St * STCOST). (8) 

Storage charges (STCOST) include losses, railage to and from the stores, 
and any costs associated with turning over the stocks to keep them fresh. 
They are assumed to be constant per ton of stock at $25. Interest cost is 

excluded because all costs are discounted to calculate net present values 
(Gardner, 1979). 

Finally, allowance must be made for changes in government stocks from 
the beginning to the end of the simulation petiod. All simulations begin 
with 100 thousand tons in year 0. The different policy rules examined result 

in average ending stocks ten years later varying from 0 to 250 thousand 
tons, with individual cycles varying even more. Unless an allowance is 
made for these changes in stocks levels, policies which end with low levels 
will appear to be more profitable since they include the proceeds of selling 

the stock. There are two alternatives: value the excess or deficit stock at a 

constant price and add thc charge to the total for that policy; or, introduce 
a constraint that forces exports or imports in the final year in order to end 
up with stores of 100 thousand tons. The former is used here. 

8 For the costs of importing, it is assumed throughout this study that the 

difference between the domestic selling and buying price of the NCPB covers 
the Board's cost. Imported maize is sold at the domestic selling price, which is 

the producer price phus the margin. Tho correct import parity price is thus the 
foreign transport cost--estimated to be $35 per ton-plus the difference between 
the domestic marketing mergin and the costs of handling imported maize, about 
$5 per ton. 
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Results of the Price Band/Buffer Stock Simulation 
Price band policies were simulated with four different band widths, P*±$6.6, $9.0, $12.1, and $16.4 per ton,9 and stocks were allowed to vary by 0,100, 200, 300, and ,100 thousand tons for each price band. Each variantsimulated for 300, 10-year cycles and the results are 

was 
presented as averages.Chart 3 summarizes the results graphicafly in terms of the required tradeoffs among the policy objectives of import levels, costs, stocks variability,an(l price variability. The horizontal axis representsvalue of the M the average present- year st ream of net costs. The vertical axis measures averageimports over the (O-year simulation. " Each solid line is a t rade-off curve, where price variability is heldstant at conthe level ,)ecified at the bottom of the curve.points each The five markedon !ine represent, from top to bottom, stock variabilities of0, 100, 200, 300, and 400 thousand tons aLs indicated bynumber; on the identifyingthe ±$6.6 trad(e-oif curve. Thus, each curve displays directlythe trade-off betweern fiscal cost and imports for a specified level of price

variability.
Several c,.imn nt , are suggested by the chart. First, there(iference(s are large 

curves, with 
in cost and imp)rt levels between the different price variabilitycosts decrea~sing ;Ls the variability

be larger. Moving 
of price is permitted tofrom the ±$6.6 curve to the ±$9.0 curve and holdingimports constant reduces the net present value of cost by $5 to $6 million,del;en ding rn
the level of stocks permitted.


Second, it is less co..;tly to reduce 
 imports by increasing stocks themore price variabilitv is restricted and the lower are stocks.price variability curve is much The ±$6.6 
steeper than curve, the ±$16.4 price variabilityimplying that increasing stock variability "buys"decrease in a relatively largeimports at little additional fiscal cost. Similarly, equal stockssegments of each curve are less steep as price variability declines. Forexample, letting stock variability go from zero to 100 thousandthe ±$6.6 price variability level results in 

tons at 
imports at 

a 16 thousand ton decrease inall incre;ased cost of about $4.5 million net present value. Onthe other hand, increasing stock variability by the same amount when pricevariability is ±$16.4 costs over $8 million net present value and reducesimport requirements less.
Finally, it is important to remember that the trade-offs measured here 

9 The model specification is in peicentages, P'± 4.9, b.8, 9.7, and 13.1 percent, which translate to the standard deviations used in the text discussion of the
results. 

For example, if a particular policy led to average imports of 500 thousandtons per 10-year cycle, the average imports wot,ld be 50 tons per year.measure Thisignores the frequency of actual imports during the 10-year cycle. 

10 
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Chart 3.--Measured Trade-offs Among Government Policy
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are a useful guide to government decision makers only if the simulated 
policies are the only possible policy choices. If other !olicy options are 
available, they likely overstate the costs of specific changes. For example, 
in the present simulation, buffer stock levels and consequently trade deci
sions have not been responsive to world market prices. It is quite likely 
that some flexibility in stock levels in response to world market conditions 
would reduce net stabilization costs. To address these issues requires the 
specification of an optimization model. 

OPTIMIZATION OF KENYAN MAIZE POLICY 

An opt imization model has a number of elements in common with the 
simulation. The basic market structure must be specified in equations like 
those above. Htowever, instead of specifying the rules of a specific pol
icy, optimization approaches specify the explicit objectives of the policies. 
Then, the objective function is maximized (or minimized) subject to the 
operation of the relations specified in the model. In the present case, the 
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government's objectives are to minimize costs, minimize price variabijity,
and minimize imports. Formally, the objective function is 

Minimize GC = Et(COSTt + a[Pt - P*]2 + bMt)/(1 -Lr)t-1, 

where COSTt is th, government's fiscal cost; (Pt - p*) 2 is the square of the
deviation of '.e present year's price from the target price; Mt represents
imports; and (1 + r)t 1 is the discount rate.
 

The components of the function 
were detailed in the specification of
the simulation model. The parameters a and b axe weights that measure
the importance of each of th-2 objectives relative to the other two. The
weights are varied in order to find policies that efficiently produce more of 
one objective and less of the other two. By not putting a weight on COST,
the monetary unit becomes the numeraire of the system. 

Of the several techniques available to solve this optimization problem,
stochastic dynamic programming is most appropriate." However, use of
this technique requires that the stochastic processes in the specification
of the market relations produce only a finite number of possible outcomes. 
Thus, some modifications of the basic market model are required, and these 
are specified below. 

Discrete Characterizationsof the Market Model 

In the simulation, world price was modelled as a random walk. In 
a ten-year cycie, a discrete random walk would to havehave at least 21
possible values, an awkwardly high number for an optimization model to
consider. If there are fewer possible values, either the expected price cannot
always equal the present price, or there can be no possibility of an increase
 
or decrease in price at the extremes of the range. To take a simple example,
 
suppose that prices are constrained to three possible values: $90, $120, and

$150 per ton. If the price is $120 in year one, the expected price in year

two will eqial $120 if the probability of the price moving to $90 equals the
probability of its moving to $150. 
 But if the price is presently $150, there
 
is no 
higher price to which it can climb. Either the probability of the price
dropping to $120 $90or must be zero, or the expected price in the next 
year must be less than $150. The latter option is used here with seven
possible prices, as shown in Table 1. Generally, the differences between 
present and expected prices are rather small except at the extremes, where 

1 At least four techniques have been used to analyze storage problems includ
ing Bigman's (1985) optimizing algorithm, Eaton's (1980) programming method,
stochastic control methods (e.g., Kendrick, 1980), and dynamic programming 
(e.g., Gardner, 1979). 
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they are about $7 per ton. Nevertheless, this stochastic representation of 

world prices does approximate a normal random walk and, for a current 

price of $120, the probabilities correspond to the simulation's specification 
of a 14.5 percent standard deviation. 

Table 1.-Expected Values of World Price 
in the Dynamic Programming Model 

Price in Probability of price ;n year t + 1 bi_ Expected 
year t 60 80 100 120 140 160 180 price 

60 .725 .239 .035 .001 - - - 66.24 

80 .239 .486 .239 .035 .001 -. .. 81.46 
100 .035 .239 .451 .239 .035 .001 - 100.06 

120 .001 .035 .239 .450 .239 .035 .001 120.00 

140 -- .001 .035 .239 .451 .239 .035 139.94 

160 .. . .001 .035 .239 .486 .239 158.54 

18C . .. .. .001 .035 .239 .725 173.76 

The other stochastic variable in the market model is production, mod
eled as a continuously distributed, normal variate with standard deviation 

equal to 10 percent of average production. For the optimization model, 
the distribution is divided into nine discrete outcomes, with probabilities 
assigned to each in accord with the normal distribution. 

COMPARISON OF SIMULATION AND OPTIMIZATION RESULTS 

In order to make the comparison between the simulation and optimiza
tion results meaningful, it is necessary to put the results of the two exercises 
on a common footing. To do this, the optimal policies derived in the opti
mization routine are simulated in the same model that the administrative 
rules used. The result of a specific optimization is a set of annual tables 
listing each possible state of the world and the optimal values of the control 
variables in each statf. Fortunateiy, models such as this one in which the 

system parameters do not vary from year to year usually stabilize after a 
few years, and these Ftabilized values ignore the terminal conditions. The 
table of stabilized values is used to determine the operational policy rules 
for the simulation, with linear interpolation between the discrete entries 
in the table. Simulations of the optimal policies puts the two approaches 
on common ground. There may be a loss in optimality, i.e., the so-called 
optimal polic.es may not*be exactly optimal because of the differences in 
the underlying xr&rket models, but this difference is expected to be very 

http:polic.es
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small. 12 

Chart 4 summarizes the effects of optimal policies in terms of the sameimport-fiscal cost trade-off used above for the price band simulations. Eachpoint on the chart represents the result of one optimization run aunique combination of weights. 
with 

For the specific points plotted, the weightswere chosen so that the resulting variability of price was constant for fivepoints on each curve and covered approximately the same range as occurredin the price band simulations. The selection of weights required to producethese results was carried out by trial and error.
Visual comparison of Chart 4 with Chart 3 shows the extent of improvement of optimal policies over price band policies. For every combinationof average imports and fiscal cost, an

variability. 
optimal policy produces less priceThat is, each of the constant variability curves in Chart 4 liesto the left of the same curve in Chart 3. 

Chart 4 .- Measured Trade-Offs Among Government PolicyObjectives with Optimal Policies, Simulation Results 
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12 See Pinckney (1986) for a discussion of the likely effects of each difference. 
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The question of how optimal policies differ from price bands is best 
understood in terms of relations between the policy control variables
net purchases and trade---and states of the world described by produc
tion, world prices, and initial stocks. Charts 5 arid 6 compare the net 
purchase and stocks policy rules that keep the standard deviation of price 
at ±$12.1 per ton. In both figures, specifying the amount of pernitted 
variation uniquely determines the price band rule. Frorn Chart 1, produc
tion variation is translated through the demand relation to price variation. 
Constraining prices to ±$12.1 translates immediately to purchases (at pro
duction levels large enough to lower prices more than $12.1) and sales (at 
production levels small enough to raise pri:es more than $12). This kinked 
relation between net purchases and deviations in production is shown as 
the square with (ot line in Chart 5. Note that this rule is invariant to both 
world price levels and opening stocks. Whatever the level of these variables, 
if production is -400th,usand tons short, the board must sell approximately 
350 thousand tons. 

Unlike the price band schemes, the net purchase rule in an opti inal 
policy is sensitive to opening stocks, world price, and Ihe penalty on iun
ports. Two optimal rules are shown, the diamond line for zero opening 
stocks and the solid box line for a 400 thousand ton initial stock. In both, 
world price is fixed at $100. The optimal rules are smooth curves, very 
close to linear. Purchases or sales occur in virtuallv every year and, with 
large deviations in production, less is purchased or sold to stabilize price. 
The sensitivity of optimal rules to a change in one of the state variables is 
shown in the contrast between the diamnond line ((1 opening stocks) and the 
solid box line (400 thousand tons). As might be expected, with large stocks 
on hand, the optimal policy increases sales in deficit poduction years as 
long as the deficit is less than the 400 thousand ton stock on hand. The 
main point, however, is that optimal purchase rules do depend upon the 
particular conditions in each year whereas price band rules are sensitive 
only to the trigger values of the particular variable. 

Once net purchases are determined, the stockholding agency is left 
with a quantity equal to opening stocks plus net purchases, which will be 
termed "available supply." If the available supply is negative, imports and 
aid are brought in to make tip the deficit exactly. If the available supply is 
positive, it can be either stored or exported. Chart 6 displays price band 
and optimal policy rules to determine how much to store given the available 
supply. The two optimal rules shown are for world prices of $100 arid $140. 

All three curves are similar in shape, with the two optimal curves 
varying in their relative position on the chart and in the level of maximum 
stocks. The optimal maximum stock level varies with world price, much 
smaller for a world price of $140 per ton than for a world price of $100, 
reflecting the increased opportunity costs of stocks with higher world prices. 
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Chart 5 .- Comparative Administrative Rules for Net Purchase 
Activity with Price Band and Optimal Policies 
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The advantage of holding stock in terms of lowering future imports declinesas world prices rise, since, with higher world prices and a constant pricedifferential, the 	ratio of export to import parity is a positive functionworld price. The second difference between the optimal 
of 

curves is that, atthe higher price, 80 thousand tons of exports take place before any supplyis placed in storage. Thus, the marginal value of the sales when exportpremiums are available is higher than the marginal value of the first units 
of storage. 

Both of the optimal curves are 	in contrast to the price band rule,which simply places all supply into storage until the maximum stock is 
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Chart 6.-Comparative Administrative Rules for Closing Stuck
 
Levels with Price Band and Optimal Policies
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reached, and then exports the remainder. The limitations of such admin
istrative rules are clear: they ignore the presence of export premiums on 
small quantities of exports, and the fixed maximum stock level ignores the 
increased opportunity cost of holding stocks when world prices are high. 

rFinally, optimal rules are also sensitive to the choice of weights in the 
objective function, that is, to the relative importance of the different ob
jectives, as illustrated in Chart 7. The curve labeled "Base" is the same 
optimal policy modeled in the previous paragraphs, which has a standard 
deviation of price of $12.1 and average imports of 44.7 thousand tons. The 
other two curves are the optimal purchase functions resulting from chang
ing weights on the individual objectives in the objective function: "Low 
imports" represents an increased weight on minimizing imports and "Low 
price variability" represents an increased weight on minimizing price vari
ability. The "Low imports" policy produces the same standard deviation 
of price as the base policy, but average impor L_ of only 26.7 thousand torns. 
The "Low pric, variability" policy produces virtually the same level of im
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ports as the base policy, but has a standard deviation of price of $6.6. Thedisplayed curves are all for a world price of $100 and opening stocks of 100 
thousand tons. 

All the pol.icies are identical for production from 100 thousand tonsbelow normal to normal. Each makes up the entire difference between
actual and normal production in such years through sales in the domestic
market. Under the low import policy, more is bought in high productionyears, and less is sold in low production years than in the base policy,clearly leading to lower average imports. The low price variability policy,
on the other hand, sells more than the base in low production years andbuys more in high production years. Thus, there is more intervention inalmost all years leading to greater price stability, but the higher stock levelsgained through higher purchases do not reduce imports on average because
larger aniounts of grain are required for sale in deficit production years.

The batsic results of price band and optimal policies and the differences between the structure of optimal and price band policies have nowbeen examined. it remains to discuss in more detail the trade-offs between 
government objectives as implied by the different schemes. 

Tr, de- OfS thB',TCe7 (:o,.'1erii nmmt(Olb'(TmIs:1t7-(-( Band l''s.;Optzmazzitt n 

Marginal trade-otfs between objectives for both optimal and price bandpolicies are presented in Table 2. The amount of permitted price variabilityis the key determinant of cost for all policies. For example, for an optimal
policy, each dollar decrease in price variability between $16.4 and $12.1 costs$2.85 million if imports are held constant( at 41 thousand tons and $3.36million when imports are at 31 thousand tons. The costs increase as pricevariability is reduced. The cost of decreasing imports, while not as largein absolute terms as the cost of decreasing price variability, is relatively
larger, rising from $0.48 million per ton to $1.08 million. Clearly, heavier

weights on price stability and self-sulfficiency constrain how the optimizing

model can adjust anid increase the trade-off between cost and the other two
 
objectives.


With a few exceptions, the price band and optimal policies yield trade
offs between imports and fiscal cost that are similar. The trade-off between
cost and price variability is always understated by the price band policies,with the amount increasing with decreasing price variability. This appears
to suggest that the price band schemes are more efficient at decreasing pricevariability than the optimal policies. This is not the case. Optimal policiesare the most efficient way to maximize the three objectives in any givenweighting of the objectives. Since buffer stocks are more efficient policy
instruments at low levels of price variability than at high levels, as pricevariability decreases, the price band curve gets closer to the optimal curve, 
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Chart 7.-Variation in Optimal Net Purchases Rules with Changes 
in the Importance of Specific Goals in the Objective Function 
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biasing the measurement of the trade-off downward. 
With these results in hand, the next section examines the trade-off 

between the complexity of policies and their cost. Based on the differences 
between tie optimal and price band policies outlined above, changes are 
made in the price band policies to increase their efficiency. The final section 
presents policy recommendations as well as some suggestions for policy 
analysis. 
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'able 2.-Price Band Versus Optimal Policy Trade-Offs 
(Figures in million dollars, net present value) 

Price variability 
$16.4 $12.1 $9.0 $6.6 

Cost per thousand ton decrease in average imports:
(41 to 31) Price bands 0.76 0.88 1.07 1.30 

Optimal policies 0.48 0.71 0.87 1.08 
Cost per dollar decrease in price variability:

(Imports = 41) Price bands 2.67 2.99 3.13 
Optimal policies 2.85 3.51 3.87 

(Imports = 31) Price bands 2.93 3.61 4.07 
Optinal policies 3.36 .105 4.74 

MOVING FROM PRICE BAND TO OPTIMAL: 
THE ('OMPLEXITY/COSTTRADE-OFF 

Despite the significant efliciency gains possible with optimal policy
rules, most stockholding agencies in different parts of the world implement
only price band plans. "in actual formulation of stockpiling strategy ei
ther at the national or international level...these [optinal stockpiling] mod
els have barely been consulted" (Bigman and Yitzhaki, 1983). Cochrane 
(1980) suggests that risk considerations tend to make price band schemes 
more appealing intuitively to producers and consumers than the smooth 
intervention rules called for by optimal analysis. 

Another reason why optimal policies are rarely implemented is the dif
ficulty in explaining what they are. Policies interpolated from dynamic 
programming analysis are both hard to describe and hard to implement.Experienced decision makers who have seen complex cure-all projects dis
integrate into chaos are likely to agree with Chambers' (1978) dictum that
"simple is optimal" in policy design as well as project selection, and to be 
wary of a policy which even its proponents find difficult to explain. The pro
cess of public policy formu!ation is itself so complex that policies which are 
difficult to explain are unlikely to be accepted. If optimal stockpiling anal
ysis is to have policy meaning, it is likely to be through the clues it provides
for modification of price band policies, or through relatively simple policy
interventions which approximate optimal policy in most circumstances. 

Learningfrom the Optimal Policy 

One approach to the formulation of such policies is to introduce com
ponents of the optimal policy rules into the price band rules one at a time, 
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and to measure the gain in efficiency of each. For example, the first step 
might be to make the maximum stock level depend on the world price. 
Before this can be done, however, it is necessary to measure numerically 
the optimal policy rules that were presented graphically in Charts 5 and 6. 
The price band policies can then be adjusted to respond to changes in the 
state variables to the same extent as the optimal policies. 

For this purpose, consider just the price band and optimal policies 
with P price variahi!ity of $12.1 tha, have figured prominently in earlier 
examiples. Chart 8 presents the trade-off curves of interest and the asterisk 
(,) points on each curve are the particu!.a policies to be compared. The 
optiial * policy ls weights of 17 and 60 for price stability and imports 
respectively, average injports of 44.7 thousand tons, and a fiscal cost of $1.0 
millior], net present value. The price band 4 policy has a stock variability of 
75 thousand tori;, imports of 14.3 thousand tons, and a fiscal cost of $13.1 
million. The $12.0 million average difference in cost is significant, the price 
band policy cost less than the opLinial policy in only 17 of the 300 ten-year 
cycles of the simulat ion. 

Earlier analysis suggested that the relationship between net purchases 
and the state variables world price, opening stock level, and production--
is close to linear. The following regression results confirm the suggestion: 

NIf -1,827+ .531 * IP - 7 5*Q, - .098*St_. 

(.019) (.002) (.004) 

R2N= 1350, =.99, S.E.E.= 16, 

where NI-t is optimal net purchases, WPt is the world price, Qt i pro
dtiction, and SI- 1 is the opening stock level. Standard errors are in paren
theses. The regression includes all states in the model except for extreme 
world prices of $60 and $180, for which the optimal results are not deemed 
accurate since world prices cannot go below or above these figures. Fur
ther, since not all states of the world are equally likely, the observations 
are weighted by a combination of the probability of the production occur
ring, which is known in the model, and by a linear weighting scheme which 
decreases with increasing stocks. 

Another important relationship depicted in earlier charts is that be
tween available supply and closing stocks. That relationship, however, ap
pears to be composed of three linear segments and thus is not amenable to 
linear regression. The regression that can be run is maximum stock level 
on world price. Unfortuiately, there are few degrees of freedom since the 
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Chart 8.-Moving Toward the Optimal: Modifying Price 
Band Rules to Approximate OptimO9 Policy Effectiveness 
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optimizing model considers only seven values for world price, and the two 
extremes are somewhat suspect. With only five observations, the result is 

IXSTt = 652 - 3.3 * WPt, 

where NXST is the maximum stock level. The regression implies that 
when world prices are higher than $198, nothing will be stored. With these
results in hand, the step-by-step analysis of the price band policies can 
begin. 

The first adjustments are the easiest, making the maximum stock level 
sensitive to the world price and exporting small quantities frequently (Pol
icy A). Surprisingly, the results of a price band scheme with a maximum
stock level sensitive to world prices are only slightly better than when the
maximum stock level is constant. Table 3 lists the components of cost for 
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the new result for a price band scheme with 250 thousand tons stock vari
ability, which has the same level of average imports. Chart 8 displays the 
result as the point labelled "A." 

Table 3. -- Effects of Sequential Adjustments of Price Band
 
Policies loward Optimal Policies
 

Average 
closing Export Import 

Import volunme 	 Cost" stock receipts costs 
(1,000 tons) 	 Policy (million $) (1,000 tons) (million $") 

30.0 	 Price band 25.2 126 21.2 31.1
 
A 24.6 149 23.7 32.3
 

41.7 	 Price band 14.6 49 3416 42.8 
13 10.3 60 41.0 43.1 
Optimal 2.6 60 44.3 41.7 

42.8 	 Price band 14.0 44 35.7 43.8 
(C 7.7 56 43.0 42.6 
Optimal 2.0 57 44.7 42.9 

41.3 	 Price band 14.9 50 34.2 42.4 
1) 7.8 57 43.7 40.8 
Optimal 2.8 61 44.1 41.3 

41.5 	 Price band 118 49 3,1.4 42.6 
F 3.6 54 42.7 41.1 
Optimal 2.7 61 44.2 41.5 

'Net present value. 

As expected, export revenues increase substantially by selling when 
world prices are high. Average export prices increase over 20 percent, but 
the increase in stockholding reduces export volumes. Higher stock levels 
lead to higher storage charges, tempered somewhat by reduced costs of 
stock replacement. Import volumes are held constant by design, but the 
average pricc of imports rises since average opening stocks are lower when 
worl,1 prices are high. The net result of these diffrent factors is a gain of 
$0.6 million net present value, only 4 percent of the difference between the 
optimal policy cost and the original price band/buffr stock cost. 

The next step on the exporting side is to take advantage of the export 
premium that prevails when exports are small. The optiuial policies exam
ined in the previous section suggest that a convenient rule of thumb might 
be to export one-half of the first 200 thousand tons of available supply, 
putting the remainder in storage until the maximum stock level is reached. 
This adjustment has a large payoff, as is evident in Table 3 and Chart 8 
(the relevant point is labeled "B" in the chart). 
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Policy B moves much closer to the optimal results, although a signifi
cant difference remains. Comparison with Policy A is obscured somewhat 
by the large difference in import volunes, but one major change is that
additional exports in years of relatively low available supply keep export
volumes from falling relative to the price band policy, as they did under 
Policy A. Despite the gains made on the foreign trade side, however, a large
difference remains between net trade losses under Policy B and the profits
from trade under the optimal policies. 

Making the domestic market price sensitive to the world price is one 
way to close the gap. Policy C attempts that task. The domestic market
continues to have a constant difference between floor and ceiling prices, but
both maximum and minimum trigger prices move somewhat with world
prices."' The resulting change in the price triggers is not particularly large;
in Policy C, when world prices are at $120, the lower price trigger is $128,
while the corresponding trigger for world price of $100a is $126.14 Even 
these small changes, however, have significant results, as Table 3 and Chart
8 indicate, with Policy C more than 50 percent cf the way from the price
hand scheme to the optimal policy.

The major difference between 13 and C is in the cost of imports and 
returns from exports. Since less is s)ld domestically when world prices are
high and domestic prodtiction is 1(w, fewer imports needed in theseare 

year,, while relatively nore is imported when world prices are low. 
 A sim
ilar -;t rv can be told for domestic purchases and exports: average import
prices are about 5 percent lower and average export prices about 4 percent
higher under P~olicy C than under Policy B. Despite these gains, the opti
mal 	policy is still $5.7 million cheaper on average. This difference results
from a combination of higher domne-stic profits, lower total storage charges,
and 	a continied lead in foreign trade despite the substantial gains made.
 

The last remaining step to maf'ke the price band scheme more 
like the

optimal policy while still maintaining maximum and minimum 
 prices is 
to allow the triggers to vary with opening stocks. Policy D accomplishes
this 	by multiplying the coefficient from the estimated regression by the 

13 
This is done in the model by taking the world price coefficient from the net 
purchases regression estimated above, multiplying it by the deviation of world

price from $120 
 (the base world price), and adding the result to the production 
volume triggers. 

14 Both Policy C and D must have a s:maller maximum percentage deviation
of price in order to achieve the same standard deviation of price. The standard 
price band scheme requires a percent limit of 9.37 percent to achieve a standard 
deviation of price of $12. 1; the percent limit for C is 8.86 percent, while the limit
of D is 8.74 percent. The percent variability allowed must be adjusted because
of the price flexibility that is added by the sensitivity of the triggers to opening 
stocks and world price. 
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deviation of the stock level from 100 thousand tons, and adding the result 
to the volume triggers computed by Policy C. As with the world price
adjustment, changes in price are not large. An increase in the stock level 
from 100 to 200 thousand tons raises the lower trigger from $128 to $130. 
Nevertheless, the results are significant as shown in Table 3 and Chart 8. 
Policy 1) is almost 60 percent of the way from the original price band policy 
to the optimal policy. Considerably lowe. profits are made domestically, 
but import vclumes drop because of the increase in net domestic purchases
when stocks are less than 100 thousand tons. Since most ye'ars fall in this 
range, average domestic prices rise slightly. 

The next step intrying to approximate the optimal policy is to forego 
the idea of minimum and maximum prices altogether. Thus, Policy E adds 
the smooth relation between net purchases and production estimated in the 
regression. The result is disappointing. Policy E has a cost of $6.9 million, 
average imports of 57.7 thousand tons, and, as shown in Chart 8, is only 
marginally superior to the price band policy.15 Despite the very high R ' of 
the purchases equation, the linearity assumption is ev:dently not capturing 
the true relation. Thus. the net purchases relation was re-estimated in 
three segments, for production at or above normal, for production less 
than normal but with the shortfall greater than opening stocks, and for 
production plus opening stocks less than normal. 

Regression (1): Qt > 2,250 

Nt-)= -1,937 - .612 * I.I't + .822 * Qt - .053 * SI-I 

(.015) (.003) (.003) 

R2N = 750 99.4 S.E.E. = 9.44 

Regression (2): Qt < 2,250 and Qt + St-I > 2,250 

NPt -1,916 + .510* IV + .820* Qt - .074 * St-I 

(.019) (.007) (.005) 

15 The standard deviation of price that results from simulating the net pur
chases equation estimated above is $12.0. In order to lower the price variability 
to $12.1, an equation was estimated for an optimal policy with a lower price vari
ability, and the coefficients interpolated to yield the net purchases equation used 
for Policy E. The interpolated equation is NPt -1, 885 + .49 * WPt + .80 * 
Qt - .091 * St- I. 

http:policy.15
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N = 280 R2 = .990 3.E.E. = 7.25 

Regression (3): Qt -+St- 1 < 2, 250 

NPt = -1,926 + .320 * WP, + .855 * Qt - .088 * St

(.034) (.008) (.012) 

N = 320 R 2 = .989 S.E.E. = 1292 

All coefficients are significantly different in the three equations except for 
the coefficients of production in the first and second equations.

The results of simulating a policy (F) with net purchases defined by this 
piecewise linear function are also shown in Table 3 and Chart 8. Only small 
differences remain compared to the optimal policy. The largest is in export
revenues, and it is most likely the result of always exporting 100 thousand 
of the first 200 thousand tons of available supply. The optimal policy makes 
timing of even the first 100 thousand tons of exports dependent upon the
world price. At any rate, the modeled policy is quite efficient. The standard 
deviation of cost is approximately $21 million, which would make Policy F
indistinguishable from the optimal policy in practice.

In sum, it is possible to make up about 60 percent of the difference 
between the price band and optimal policies while retaining the maximum 
and minimum triggers of a price band scheme. Most of the remaining differ
ence can be nade up by making net purchases a piecewise linear function
of production, world price, and opezing stocks. The implication of this 
analyis for policy and policy analysts are examined in the final section. 

CONCLUSIONS 

In the preceding analysis, the trade-offs between different government
objectives have been measured, and the optimal policies have been com
pared and contrasted with the price band policies. The results suggest that 
relatively simple policies can be designed which are virtually as efficient as 
the optimal policies. This section examines the implications of these results 
for policy and for policy analysis. 

Implicationsfor Policy 

The key concept for Kenyan decision makers that comes out of this 
study is the reduction in costs associated with greater administrative flex
ibility. For the lowest levels of price variability measured here, each dollar 
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increase in the permitted standard deviation of price saves $3.9 million to 
$4.7 million in net present value. This implies that a policy which has a 
standard deviation of price of $7, 5 percent of the target price, would cost 
at least $3.5 and probably closer to $6 million less in annual average cost 
than a policy which held prices constant, a sum that is between one-tenth 
and one-fifth of the Ministry of Agriculture's annual development budget. 6 

Under present policies, unsustainable budget costs have produced de 
facto price flexibility. The resources f,r holding prices constant in the face 
of production instability simply do -'. exist. An important policy step 
would be to acknowledge the price variability that already exists in the 
parallel market and to build some official price variability into the system. 
In addition, an explicit decision could be made by senior officials about 
the trade-off between cost and price stability rather than forcing parastatal 
officials to make policy because their resources do not match their mandate. 

Both Policy D and Policy F described in the previous section appear 
to be large improvements over the present policy and the type of price 
band schemes previously proposed. While Policy F is considerably cheaper 
than Policy D, Policy D is closer to present policy and would require fewer 
changes in the way that the pricing syLtem works. Questions about the 
implementation of these two policies are addressed in the following section. 

Considerationsfor Implementation 

The export rules for policies D and F are identical: one-half of the first 
200 thousand tons of available supply is exported, and the maximum stock 
level varies inversely with world prices. Such rules are easy to administer, 
and the results clearly dominate stock level trigger rules. Further, since the 
policy can be administered so that the same anmount of maize is imported as 
under any particular price band policy, this aspect of the policy modification 
can be made invisible on average to consumers and producers. 

The changes required on the price side are more complex. At present, 
official producer prices are announced before planting time, and official con
sumer prices are anno-nced for tho next twelve months about one month 
before the first maize is harvested. Policy D could be implemented with 
relatively minor modifications of the present policy because the degree to 
which domestic prices respond to world prices and opening stock level is not 
large. An indicative floor price could be announced at planting time, based 

16 The rtio between the net present value of a ten-year cost stream discounted 
at 7 percent and the averag- annual outlay that would produce that net present 
value is approximately 7.5:1. Since the cost per unit decrease in price variability 
would continue to increase as price variability decreased, the numbers given in 
the text for average annual cost are slightly higher than the numbers given for 
net present value. 
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on predictions of end-year stocks and the world price. At the same time,
the public could be informed that the floor price might be adjusted, but 
by no more than a fixed amount, the precise axrount dependent upon dif
ferences between predicted and actuaJ values of stocks and world prices. A
similar procedure could be followed for the ceiling price. Given the present
rerults, the ma:ximum adjustments would need to be no more than about 
5 percent of the announced price. Just prior to harvest, the government
could announce the exact price at which it would buy throughout the sea
son. After harvest, farmers would have the option of selling to the Board 
at the floor price or selling to a trader. Millers would have the option of
buying from the Board at the ceiling price or buying directly from farmers 
or traders. 

For the farmer the most significant change resulting from Policy D 
would be the possibility of adjustments in official pr~.ces after the crop had 
been planted. Nevertheless, a price risk of 5 percent is much less than
what many farmers face currently when they may wait months to receive 
payment or may rot be able to sell to the Board at all. For consumers,
there would be lower prices at harvest time arid higher prices before harvest 

i 7
iii most years. 

A policy like F would not fit as easily into the present structures. Policy
F can be thought of as a modification of Policy D in which the width of 
the price band is smaller, but the target price within the band moves with 
production. Consequently, estimates of production would also be needed 
and these, in conjunction with forecasts of world prices arid stock levels,
would determine the announced domestic prices. 18 

There are two ways to auminister this policy, depending on whether 
the government wants to target price or net purchases. If prices are to be 
targeted, the policy could work as D, except that the possible adjustments
to the price announced at planting time would have to be larger, and the 
last estimate of production made prior to harvest would be used to calculate
the price. A scheme like this might be attractive for countries in which there
is only one harvest of the staple foodgrain. It would be more difficult to 
implement in a country like Kenya with a diverse cropping calendar. 

Targeting net purchases might be designed through a series of tender
offers. Suppose it is August, harvest is beginning, and total annual pro

17 The price rise would result, not from changes in official prices, but from 
storage costs incurred by the private sector. Such price rises would only occur in 
years during which the price is between the NCPB floor and ceiling during some
months. There would be no seasonal price rise during a poor crop year in which 
the NCPB's ceiling price was effective at harvest time and remained effective 
throughout the year. 

18 See Jones (1987) for a discussion of the feasibility of better maize production 
estimates for Kenya. 
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duction is predicted to be about 200 thousand tons above trend. Given the 
present stock level and world price, the strategy calls for a price of $125 per 
ton and net purchases of 100 thousand tons for the year. The Board could 
advertise an offer to buy, say, a total of 10 thousand tons in September (in 
appropriately sized lots) and ask for bids. The bidding proct:s would also 
give the Board additional feedback on prices and production. Depending 
on this feedback, additional tender offers would be made in the months 
ahead. Such a procedure seems workable, but the mechanism would be 
considerably more complicated and management more intensive than set
ting floor and ceiling prices. The cost savings in moving from Policy D to 
F are about. $4 million net present value, or almost $600,000 in average 
annual cost. Whether or not the benefits of these cost savings outweigh the 
increased complexity of implementation and administration is a political 
judgment. 

Implications for Policy Anralyszs 

The optimization process has been useful in screening many policy al
ternatives, accurately measuring trade-offs between objectives, showing the 
degree of sub-optimality of the alternative policies, and suggesting improve
mc.nts in the administrative rules. The major methodological question ad
dressed is whether the benefits of optimization outweigh the considerable 
costs of the optimization process. The answer is undoubtedly yes. The 
major objective of the study was to measure trade-offs. As shown, the sim
ulated price band policies do not measure accurately the trade-off between 
cost and price stability. For that rea,;on alone, the optimization process is 
necessary and worthwhile. The gains from optimization were not limited to 
the measurement of trade-offs, however. The optimization results provided 
a net purchases function and its best representation as a piecewise linear 
curve. The degree of sub-optimality of the price band policies was seen 
to be large, and therefore these policies were modified based on insights 
provided by the optimal policy. 

The optimal policies themselves challenge some of the common as
sumptions about maize policy in Kenya. For example, most economists, 
including the authors of this study, thought that the carry-out stock levels 
of 650 thousand tons in 1982 and 1983 were too high and the government 
should have exported in those years. But, if the minimum stock required 
as a cushion for the arrangement of imports is about 300 thousand tons, 
then the real carry-out (total stock minus the import cushion) was only 
350 thousand tons. There are weights on the objective function that would 
yield optimal carry-outs close to this amount given 1981/82 world price 
and production levels, particularly if production variability is 12 percent 
instead of the 10 percent assumed throughout. 

At the same time, .this analysis was not subject to the day-to-day 
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pressures of a government economist whose report is due "yesterday" ifit is to affect the decision-making process. Optimization approaches may
be impossible in such circumstances. Nevertheless, if the structure of themarket is fairly similar to that described here, it would be possible to accepta policy similar to F as a proxy for an optimal policy and simulate that
policy with a large number of parameter variations in order to approximate
a non-inferior set. Trade-offs could be measured by this curve, and other 
policies compared to it for sub-optimality.
 

Of course, there are circumstances when tile basic 
structure of thepolicy has already been decided and thus optimization is not necessary. Forexample, if a country has decided ahead of time that a price band policywill be implemented that is not sensitive to world prices or opening stocks,the trade-offis measured by a simulation will be the relevant numbers forthe government. If the pre-selected policy is reasonably simple, it will notbe difficult to find the best policy of that type without optimization. Morecomplex policies which include many parameters will be less amenable tofinding the best choice through simulation, but such policies will be more 
difficult to optimize also.
 

Optimization is useful in spite of the fact that the specific po!icies 
arenot themselves implemented. This point has been made elsewhere: "Formaland simplified opt irnization can provide a number of useful starting points
for a process of policy design and dialogue. In no sense does it guarantee anoptimal or even adequate policy" (Clark, Jones, and Holling, 1979, p. 32).
Utility functions of decision makers are always more complex than thosethat become the objective functions of optimization models. In addition,
the process of reforming public policy always involves a set of compromises
between officials with different utility functions. No optimization model
 can possibly deal completely with such complex situations. Nevertheless,

optimization is an aid to policy design--as a screening method across policy
alternatives, as reference
a point for other policies, and as a measuring

device for the ever necessary tiaA.t-uffs.
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