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Abstract

The objective of this paper is to demonstrate the applicability of the approach of optimal control method by using the example of rice stock policy in Taiwan. First, the optimal control model used in this paper is briefly described. Thereafter, the problems confronted by Taiwan concerning its rice policy are described. It is followed by describing the structure of the rice economy of Taiwan in the form of an econometric model prepared on the basis of the monthly data for 17 years. This econometric model is then used as a part of the suggested overall "optimal control" approach to illustrate the mechanics of the application of this approach to find out the likely outcomes under four policy alternatives / scenarios. The possibilities and limitations of the approach are mentioned in the last part of the paper.

It is found that such a model, though complex, is more useful than the conventional forecasting model, for the simultaneous incorporation of several policy objectives, and examination of various policy prescriptions and their likely impact.
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I、 Introduction

1、 The problem of policy with multiple objectives

Country planners and policy makers are often confronted with a multiplicity of national objectives. These objectives "can be harmonic, independent, or conflicting" ([1], p.221) and can and often vary significantly in their relative importance. These are sought to be achieved through a set of policy interventions. Each policy may have (one, but usually) several elements. In general, a policy measure is intended to influence simultaneously, albeit probably in varying degrees, more than one objective. The impacts of policies are, therefore, intertwined, complex and not easily amenable to prognosis by the use of a single approach. For example, econometric simulation models, particularly large complicated ones, are finding increasing use in the design of public policy ([2], p.354). However, by themselves alone, these models, in spite of their large size, are often inadequate to specify the required magnitude of policy variables to attain the desired (or close to the desired) values of the target variables.

2、 Objective and scope of this paper

We feel that in such cases, the above limitation of econometric models may be obviated by using them as a part of an "optimal control" model. The objective of this paper is to demonstrate the applicability of such an approach by using the example of rice stock policy in Taiwan. First, the optimal control model used in this paper is briefly described. Thereafter, the problems confronted by Taiwan with respect to its rice policy are described. It is followed by describing the structure of the rice economy of Taiwan in the form of an econometric model prepared on the basis of the monthly data for the period 1972-88. This econometric model is then used as a part of the suggested overall "optimal control" approach to illustrate the mechanics of the application of this approach to find out the likely outcomes under four policy alternatives / scenarios. The possibilities and limitations of the approach are mentioned in the last part of the paper.     

II、 An optimal control model

1、 General

An optimal control model attempts at finding a set of values for the policy variables
 (also called control or instrument variables) that will eventually produce, for the chosen target (or state) variables, a path "as close as possible" to some preset values  ([4], p.129). According to Parvin ([5], p.6), "the objective of control methods is to determine the levels of control variables that cause a particular system (or process) to satisfy a given set of boundary constraints and, at the same time, cause a given performance measure to be at a maximum (or minimum)". Although control theory provides a valuable conceptual framework for summarizing the decision-making process, it is better known as a mathematical construct for controlling a scaled-down model of an actual system. A descriptive model of the (economic) system is selected or built, control variables are identified, and a preference or criterion function is selected. ([6], 1982).  Chow ([3], p.154) looks at an optimal control problem as the one which seeks to minimize the expected welfare loss subject to the existing conditions, as expressed in an econometric model.

2、 Description of the model used in this study

The optimal control approach, adopted in this study, was developed by Gregory C. Chow ([3], 1975). It employs a linear econometric model and an objective function, which is the expected value of a quadratic welfare function of the relevant variables ([3], p.152). Different political objectives can be included in the objective function and the varying degrees of their importance are taken into account by introducing a weight. 

The objective is to minimize the expected welfare loss (1) subject to the conditions specified by the econometric model of the rice economy as given in (2):
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where:

Eo(W): expected welfare loss conditional on the initial Yo.

t: duration of time period (in months) for which decision is being made.

The other symbols mentioned in (1) and (2) are matrices:

Yt: current and (possibly) lagged dependent variables as well as current and (possibly) lagged control variables

at: target vector

Kt: penalty weight; symmetric (usually diagonal), positive semi-definite matrix, with 0 elements normally corresponding to lagged (endogenous and control) variables

At: coefficients of lagged endogenous and control variables

Ct: coefficients of control variables

Xt: control variables

Bt: exogenous variables

Ut: random variables

The welfare loss is measured by the deviations of Yt from the target vector at, weighted by the penalty Kt.  

The optimal control values for Xt (the vector of control variables) in (3) are obtained as below:
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Xt are solved backward in time for t= T, T-1, T-2, ... 1 with the backward calculation of Gt and gt. Yt are solved thereafter forward for t=1, 2, ... T. T is the last month in the time series under consideration.

Thus the method involves two major steps: (1) setting up a welfare loss function and (2) estimating the constrain equation, i.e. rice economy model. These steps are demonstrated in 5.1 and 4.2 respectively.

This method is used for the solution of dynamic and stochastic optimization problems. Further, it is capable of specifying not only one but several target variables, which might be conflicting with each other. It is, therefore, more practical from policy makers' standpoint. However, the absolute values of expected welfare loss are not directly used for comparing alternative policies. Due to the nature of the process of setting up penalties (see sec. 5.1.3), the use of the procedure helps in deriving and comparing values and statistics of different variables under different scenarios to determine a "better" policy.

III、 Rice policy in Taiwan - a brief review and statement of the policy problem

Rice is the most important agricultural product and staple food in Taiwan. Taiwanese rice sector is almost autarkic. Rice purchases from farmers, in quota, at supporting prices and sales on the market at prevailing price have been important instruments of the government rice policy. Due to the tendency of overproduction in rice in recent years and the public consent to keep up the income of rice farmers, the emphasis of the rice policy has shifted from price stabilization to increasing the price by means of purchase programs.

The purchase programs, adopted by the government, have resulted in the over-accumulation of rice in storage. Consequently, the government has been confronting two basic problems: 

(1)
The expenditure on purchasing rice has become a great financial burden. The deficit of the Food Stabilization Fund in the fisical year of 1994 was 13.5 billion NT$
 and the cumulative deficit at the end of June 1994 was NT$ 144.0 billion ([7], p.99). 

(2) The government has accumulated huge rice stocks, thus incurring heavy storage costs. The carry-over quantity at the end of 1993 was 814 thousand, which is 44.7% of the total production in that year ([7], p.23 and p.61).

The relationship between the rice price and the government rice purchase program resembles "a vicious circle". As the government tries to raise the farmers' income by purchases, more production is induced and the government has to purchase even more rice. However, the huge accumulation of stocks and the consequent great financial burden limit the government's capacity to purchase and to influence the rice price.

This vicious circle makes it difficult and complicated for the government to put its rice stock operation into practice in an optimal manner. Moreover, although the present rice stock operation has "purchasing" as an important instrument of rice policy, the following questions are relevant in view of the above situations: 

i. Will the present operation system of government stocks contribute to the rice policy objectives, such as increasing the farmers' income, raising the rice price and maintaining the stability of rice price?

ii.  If yes, to which objectives and to what extent?

iii. Can another operation system of government stocks be proposed, which could achieve objectives of rice policy "better" and be less costly to the government at the same time?

The model, described above in section 2 and built in section 4 and 5, answers the questions raised here.

IV、 Econometric model of the rice market  in Taiwan

1、 The structure of rice economy in Taiwan

The rice economy in Taiwan includes the following participants: producers, wholesalers, retailers and consumers of the private sector, and the public sector - the government. Figure 1 illustrates the flow of rice in the private and public sectors and denotes the determination of rice prices at different market levels. 
The retail price (RPR) is determined by the consumption (QC) and the total supply (SRT) in the retail market. SRT comprises the supply from the private sector (SRP) and the government sales (GS). Since SRP is required by the retailers for sale in the retail market, it can be treated as a proxy to the demand in the wholesale market because the retailers purchase from wholesalers. This demand plus the government purchases (GP) make the total demand in the wholesale market. The total demand and the supply in the wholesale market determine the wholesale price (RPW).



Figure 1.  Framework of the rice economy of Taiwan

The quantity of stocks held by private sector (PHt) equals the quantity supplied in the wholesale market (SF) and the other uses (OTHER), such as seed, manufacturing, and waste, subtracted from the summation of the quantity of the private stocks of the end of last period (PHt-1) and the quantity of rice produced in this period (QP) in equation (19).

In the public sector, the government holds rice from (i) the stocks carried over from the last period (GHt-1), (ii) purchases (GPt), (iii) imports (GMt), and (iv) other procurements (GOt). In the meantime, it releases rice from its holdings by (i) sales (GSt), (ii) net exporting (GXt), and (iii) selling rice as feed (GFt). The rest remains in the stocks and is carried over to the next period (GHt). This is represented by equation (20).

2、 Estimated econometric model of Taiwanese rice economy 

The rice economy of Taiwan has been modeled below into five sub-sectors (sub-models) viz. production, retail market, wholesale market, private stocks, and government stocks. The equations are estimated with OLS or 2SLS. 

Since the stabilization of the rice price is the most important objective of the operation of the government stocks, the econometric model describing the rice sector of Taiwan should be able to represent the price variation in the short term and trace the operations of the government stocks promptly. The model is, therefore, formulated on a monthly basis using the data for the period 1972 - 1988.

(1) Production sub-model:
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(2) Sub-model of the retail market:
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                                                adj. R2=0.88, D-W stat.= 1.83
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(3) Sub-model of wholesale market:
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                                                       adj. R2=0.99, D-W stat.= 1.97

(4) Private stocks:

PHt + SFt + OTHERt = PHt-1+ QPt 
(19) 

(5) Government stocks: 

GSt + GHt + GXt + GFt = GHt-1 + GPt + GOt
(20) 

The data in the parenthesis are the t-value. 

**: significantly different from zero at 5% level of significance in the context of two-tail test

*: significantly different from zero at 15% level of significance in the context of two-tail test

t: time trend for month

QP: quantity produced

QC: rice consumption quantity

RPW: deflated wholesale price

RPG: deflated supporting price of the government

RPR: deflated retail price

M: the ratio of production quantity of month i to the respective crop

MDC: MDC= M.DC, where DC is the dummy variable for the disparity of rice production in first and second crops. DC=1 for first crop or for 5th, 6th, 7th and 8th months and DC=0 for other months. 
MT and MT2: MT= M.T; MT2=M.T2. T is time trend for crops, T=1 for the second crop of 1974, T=2 and 3 for the first and second crops
 of 1975 respectively, and so on. Here first crops include May - October and second crops include November and December, and January - April in the following year.  

MDD: MDD=M.DD. DD - dummy variable for Diversification Program since diversification program started in 1984. DD= 1 after 1984, else DD= 0. 

RGNP: real GNP

POP: population

SRT: total retail supply.

SRP: private retail supply.

SF: wholesale supply,

GH: carry-over of government stocks.

GP: government purchases and

GS: government sales

GX: net rice export

GF: rice sold as feed by the government

GO: other operations of government stocks

PH: carry-over of the private stocks 

D: dummy variable for the significant disparity of rice price in seasons and off-seasons. D=1 for the months in off-season; D=0 for other months. 

TM: time trend for months. TM=1 for January of 1970.

OTHER: including rice used as seed and feed, used in manufacturing, and waste. (Rice sold as feed by government not included)

AR(n): n-th autocorrelation

This model comprises 4 behavioral equations in (12) (13) (15), and (18) and 5 identities viz. (14) (16) (17) (19) and (20), and is to be solved for 9 endogenous variables. Equation (12) is estimated with OLS and equation (13), (15) and (18) are estimated with 2SLS.

For the single-equation regression, the explanatory power (R2) of all estimated equations is considerably high and most of the parameter estimates are statistically significant. Theil's inequality coefficients ([8], p490-497; [2], p360-367) are also used to evaluate the whole model for acceptability for historical simulation and the model is found statistically acceptable. (For full details please refer to [9], p97-99)

V、 Application of the above optimal control model for alternative rice policies 

The idea of optimal control is to find a set of optimal solutions of control variables, which minimize the deviation of the target variables from their expected values. The optimal control process is under the operation of the real economy, which is described with the rice market econometric model built in chapter4 section 2. Figure 2 shows the framework of the optimal control process for the case of rice in Taiwan. The setting of the welfare function, 
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Figure 2 Framework of the optimal control process

including the choose of the target variables, and the setting of their target (or expected) values and the penalties for the deviation of the target variables from their target values will described in this section. 

1、 Setting the welfare function

As mentioned in equation (1), the objective is to minimize welfare loss, i.e. to make the values of target variables as close to their desired/specified values as possible. Therefore, a welfare function is set up at first. The three steps in specifying the welfare function are (1) selection of the variables to be included in the welfare function, (2) specification of the target paths of these variables and,  (3) assignment of relative penalties.

A、 Selection of target  variables

The officially declared objectives of rice policy in Taiwan are: (1) to stabilize the rice price, (2) to support rice farmers' income, and (3) to maintain food security ([7], p.99)

According to these objectives and taking into account the government expenditure, the optimal control model is based on following premise: 

(1) The wholesale price of rice should be high for the sake of the farmers' income.

(2) The retail price of rice should be stable. 

(3) The government occasionally sells rice to stabilize the rice price only without adverse effect on farmer's income.

(4) The total supply of rice in the retail market should be maintained.

(5) The government stocks should be reduced to the level of three-month reserve for Taiwan and maintain at that level. A three-month buffer is considered adequate for security.

(6) Because the purchases are costly, the government tends to decrease the purchased quantity. However, the farmers and the public are against such a reduction. Therefore, the quantity of the government purchases should be maintained at the present level. 

(7) The government is expected not to sell rice as feed or export rice since these operations bring loss to the government. It sells rice as feed and also exports rice only to reduce its huge stocks.

(8) The supporting price of government should remain the same. If the price in increased, it adds to the government expenditure. If the price is decreased, the government incurs the displeasure of the farmers and loses votes.

Accordingly, deflated wholesale price (RPW), total retail supply (SRT), government stocks (GH), deviation of deflated retail price (DRPRt= RPRt - RPRt-1), government sales (GS), government purchases (GP), rice sold by government as feed and export  (GFX= GF + GX); and deflated supporting price (RPG), are selected in the welfare function as the target variables. Moreover, variables of the government stock operations (GS, GP, GFX and RPG), which are the last four target variables mentioned above, are assigned to be the control variables. 

In this exercise, four projections, with different conditions on target variables, are made
. We first illustrate in subsections 5.1.2 and 5.1.3 the methodology of designing the welfare function for one scenario projection (termed here as Projection 1). The other three projections are derived on the basis of the Projection 1.

B、 Specification of target values

The deflated wholesale price (RPW) is suggested to increase to 30 NT$ which it has never reached. The targets of the total retail supply (SRT) are set at the level forecasted by econometric model. The quantity of government stocks (GH) is slated to linearly decrease up to the end of 1994, to the level of the reserve (the quantity of total retail supply) of three months. 

The changes in retail price (DRPR) and the government sales (GS) are expected to be zero. The targets of government purchases (GS) of 1989, 1990 and 1991 are suggested to be the same as the actual quantity of the government purchases in these three years. The targets of 1992 to 1994 are also assumed to be equal to the real quantity of the government purchases in those three years (1989 - 1991) respectively. The targets of GFX (rice sold as feed and export) are suggested to be zero, since the government loses through these activities. The target of deflated supporting price (RPG) is considered at 27 NT$, an approximate average of RPG from 1989 to 1991. 

C、 Assignment of penalties

The penalties are set on the basis of relative importance or costs of the divergence of expected values of target variables differing from their desired values. Therefore, the absolute values of the penalties are not so important. In fact, "by varying (the penalties and targets of) the welfare function we can trace the tradeoff possibilities in terms of the expected squared deviation of different variables from their targets" ([3], p.215). 

The principles of setting the penalties are as follows:

(1) The minimum penalties of the government stock operations are set equivalent to their arbitrary costs. The government purchases rice from farmers at the supporting price (at about 27,000 NT$/ton in 1989-1991). Making allowance for administrative costs and gains from selling or loss from exporting the rice, the cost of the government purchases comes to around only 20,000 NT$/ton. It is the ‘basic costs’. For example, since the real cost of the government to buy and then sell one ton rice is suggested to be 25,000 NT$/ton, the minimum penalty of government sales is equal to 5,000 NT$ (= 25,000 NT$/ton - 20,000 NT$/ton). (For details please see [[9], p.110-114.)

(2) The penalties of most target variables are set time-invariant. However, for political reason, the penalties of two target variables are set different for the in-seasons and off-seasons. The penalties of deflated wholesale price (RPW) are set to be 0 for February, March and April since the levels of it in these three months are not important for the farmers because they have very little rice to sell in the market ([10], p.19; [11], p.107). For the other months the penalties of it are set at a prohibitive level e.g. 100,000. The same principle holds for the setting of the penalties of the government sales. The penalties on the government sales are set at 50,000 for the main harvest months from June to November, 10,000 for May and December, and 5,000 for the lean months of January - April. 

2、 Alternative Scenarios for optimal control model

The other three projections are variants of Projection 1 (a kind of basis projection). Each of these three variants differs from base projection only with regard to one variable. Other things remain the same as in projection 1.

Projection 2 (Variant 1): 

The penalty of RPW in May - January is changed from 1×105 for projection 1 to 1×108 for projection 2 to reduce the divergence of the resulting RPW from its target value of 30 NT$.

Projection 3 (Variant 2):

It is found that the control variable RPG (the deflated supporting price of government) in projection 1 is much higher than the target of NT$ 27 especially in the months of June, July, October, November and December. The RPG is, therefore, made an exogenous variable for this variant instead of a control variable as in projection 1. The exogenous variable RPG is set the same as for forecasting for the period January 1989 - December 1994.

Projection 4 (Variant 3):

For projection 4 we assume that the government increases the supporting price by 1 NT$ from the first crop of 1993. RPG is regarded as an exogenous variable in this projection. Its values are set at a higher level than those of projection 1 from May 1993 onwards and are as in table 1. 

Table 1 Supporting price used for Projection 4


Unit: NT$/kg


 Jan.
 Feb. 
Mar.
April
 May 
June 
 July  
Aug.  
Sep.  
 Oct.   
 Nov.   
 Dec.

1993
-
-
-
-
27.13 
27.13 
27.15 
27.13
27.13
27.19 
28.50 
28.62

1994
27.77
27.78  
27.77 
27.76   
 26.58  
26.59  
26.60 
26.58 
26.59
26.64 
 27.93 
28.05

Source: set by the authors.

With the modification of the welfare function of projection 1, and based on the same econometric model, we get the optimal control paths and corresponding values of the endogenous variables for projections 2 - 4. The important statistics of all target variables obtained using the usual forecasting procedure and those under the four projections are presented in Appendix 1of Huang-Tzeng (1994, pp.145-160).

3、  Comparison of the results from various approaches

As mentioned in 2.2, the important basic statistics, such as average, standard deviation, minimum, maximum, coefficient of variation and summation, of the target variables (including endogenous and control variables) of four projections and simple forecasting are compared. This is done in two steps. First, the results of the four projections are compared in 5.3.1 to identify the most desirable projection. Then the results of this projection are compared to those of simple forecasting in 5.3.2. Since the RPW of January - April is not important for farmers, the statistics of RPW with and without regard to the data of these three months are calculated.

A、 Comparison of the four projections obtained through optimal control 

Although the expected welfare loss can be used to determine how the economy is likely to behave under the policies ([3], p.163ff) underlying the four projections, this method has not been adopted here to compare them for the following three reasons:

(1) The calculation of the welfare loss is very complicated.

(2) The relative penalties and/or the target values can be changed to find out whether one target variable could be made to behave "better" by accepting tolerable deterioration in the behavior of the other ([3], p.212). This means, the welfare loss will change in the processes of finding a target variable with "better" behavior. Moreover, the welfare loss always increases if we revise the welfare function by assigning more weight to the penalty or by setting a more ambitious target for a target variable in order to get a "better" behavior of this variable. From this aspect, to compare the welfare loss of the four rice policy projections has no meaning. 

(3) The behavior of individual target variables (such as the level or variation of prices, the accumulated quantity of the government stocks, etc.) is often more important for the policy maker than the welfare loss.

Comparing the results of individual target variables of these four projections, it is found that 

(1) The higher RPG (deflated supporting price) of projections 1, 2, and 4, in which RPG is treated as a control, target and exogenous variable, respectively, does not increase the RPW (deflated wholesale price) because the QP (quantity produced) in these three projections is higher than that of projection 1 due to the higher RPG.

(2) Although the government operations, such as government purchases, sales, sales as feed and stocks (GP, GS, GFX, and GH) are usually used to raise the wholesale price of rice, they can not be changed too much because they are not only control variables but also target variables in the projections. The optimal solutions of them are expected to be close to the target values. Their solutions of the four projections are therefore not significantly different.

(3) The total and private supply quantities in the retail market  (SRT, SRP) and the total private supply in the wholesale markets (SF) are not significantly different in these projections. The lower production quantity (QP) in projection 3 results only in the lower PH (private stocks).

(4) RPW (deflated wholesale price) does not increase, although we assign a higher penalty to it in projection 2. This means that it is difficult to raise RPW by the operation of government rice stocks or by increasing the supporting price.

Of the four projections, the third one appears to be most acceptable for the following two reasons. First, in this projection, RPG (deflated supporting price) is regarded as an exogenous variable and is set as the same level as that of the simple forecasting, making the conditions of projection 3 similar to those of simple forecasting. Second, some results of the third projection are similar to those of the other three projections, i.e. the government operations - GS, GP, GFX, GH; and some results of it are the "best" of the four projections, i.e. the lowest QP, the highest RPW and the most stable RPR. 

B、 Comparison of the most desirable optimal control projection with usual forecasting

How does the result of the most desirable optimal control (projection 3) compare with that obtained by simple forecasting using the rice model built in chapter4 section 2? This is done in table 2 by examining whether mean level of target variables and the variance of deflated retail price (RPR) are significantly different from each other at SYMBOL 97 \f "Symbol"=0.05.

The government purchases (GP) are significantly less and the government sales (GS) significantly more in the policy projection of the projection 3 than of the simple forecasting, even though the differences of the mean level of deflated wholesale price (RPW) and the variation of deflated retail price (RPR) between the two projection are not significant. Besides, the government sells rice as feed and exports rice more in projection 3. Because of more sales, less purchases, and less sale as feed and export (GFX), the government holds smaller stocks (GH) under projection 3. (On the other hand, the private sector holds more stocks (PH).)

With respect to the government operations, the government expenditure in the simple forecasting model is greater than that in projection 3. Because in the projection of simple forecasting the government purchases more rice from farmers (at the supporting price), sells less rice in the domestic market (at market price which is lower than supporting price), but sells it more as feed and exports (at prices much lower than market price), and holds more rice in storage, the government expenditure is more than that in projection 3.

The mean levels of other target variables, QP (quantity produced), QC (quantity consumed), SRT, SRP (total and private supply quantities in retail market, respectively) and SF (total supply in wholesale market), of the two projections are not significantly different. The difference of the deflated retail price (RPR) between the two projections is significant. However, for the sake of stability, the government is concerned more with keeping the variance of RPR rather that the absolute level of RPR. 

Table 2 Hypothesisa test of the mean level of the endogenous variables and the variances of RPR of the simple forecasting and projection 3

Variables
Diff. of Means   (Ratio of Var.)
t-value   

(F-value) 
Reject the Hypothesis

GS         
-14728.6        
-2.394         
Yes

GP          
29971.3         
3.762         
Yes

GFX          
8845.99        
2.173         
Yes

GH         
169441           
5.114         
Yes

PH        
-349439          
-2.853        
Yes

RPW         
0.056658       
0.639         
No

RPWb       
0.173333        
1.789          
No

RPR        
-0.28111

    (0.311/0.269)c      
-3.130 

        (1.158)d
Yes

No

QP            
128.29        
-0.159         
 No

SRP         
-2564.81       
-1.129         
 No

SF          
10413           
1.094         
 No

        Source:  calculated by the authors.

a. Ho: Xf - Xp3 = 0; s2f = s2p3. The significance level is 5%; the subscript of f and p3 denote the simple forecasting and projection 3.

b. excluding the data of February, March and April.

c. ratio of variances.

d. F-value.

Moreover, neither the level of wholesale price, nor the variation of retail price, and nor the change in rice production, consumption or supplies in different market levels, are raised in projection 3. 

To summarize, the policy specified by optimal control causes the government expenditure to decrease without raising the level of wholesale price, and the variation in retail price and dose not change the rice production, supply and consumption. Therefore, optimal control model appears to have a distinct edge over the usual forecasting model.

VI、 Conclusion

This paper examines the possibilities of using optimal control models for finding the “most desirable” operation rule for the government rice policy in Taiwan, by making into consideration the multiplicity of the objectives of such a policy. It is found that such a model, though complex, is more useful than the conventional forecasting model, for the simultaneous incorporation of several policy objectives, and examination of various policy prescriptions and their likely impact. The complexity of an optimal control models arises not so much from the process of selection of relevant target variables or from specification of their desired values or ranges of values (the steps which are necessary in any model), but in the assignment of the penalties for deviations from the desired values. Nevertheless, given the significance, for the government policy makers, of taking into account a number of policy objectives (which are sometimes contradictory) and, at the same time, keeping the costs of such policies as low as possible, optimal control models can provide quite useful indicators for the likely impact of various policies. The application, presented in this paper, demonstrates the feasibility and versatility of such an approach, especially in relation to the usual forecasting procedures.   

The major findings from the econometric model of rice economy in Taiwan are as follows: 

(1) Both the wholesale and supporting prices have a positive effect on rice production. However, the increase of the wholesale price induces more production than the increase of the supporting price.

(2) Rice in Taiwan is an inferior good and also a Giffen's good.

(3) Government rice purchases have a positive effect on the wholesale and retail prices of rice but its sales have a negative effect.

The optimal control model of the operation of government rice stocks is set up using the optimal control method developed by Chow. Taking the following objectives into account: high wholesale price (for farmers), stable retail price, sufficient rice supply in retail market and less government expenditure, we attempt to find an optimal operation rule for the government rice stocks using this model. Four projections for the optimal control model together with simple forecasting are tried as five policy projections. 

Comparing these policy projections made in this study we find some policy implications:

(1) Increasing the government-supporting price does not increase the wholesale price because the production increases due to the higher supporting price. 

(2) It is possible to increase the wholesale price of rice by any operation of government rice stocks. 

(3) Although the government stock operations are the policy instruments to influence the rice price, they can not be changed too much to raise the rice price because they are the target variables in the same time and are expected to be close to the target values. 

(4) Lower porduction does not result in the reduction of supply but in the reduction of private stocks. 
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最適控制法在多政策目標之政府庫存操作上之應用
－以臺灣稻米政策為例
黃璋如， R. C. Agrawal
國立宜蘭技術學院應用經濟系
Central for Advanced Training in Agricultural and Rural Development, 

Humboldt University of Berlin
摘要
政府的稻米庫存操作，包括稻米收購、食米撥售、飼料米出售與稻米出口、以及保證價格等，均是政府用來影響市場供需與價格以達成政策目標之政策（或控制）變數。然而，利用這些政策變數欲同時達成多項政策目標，卻面臨政策目標之間的互相影響及互相矛盾的情形。例如，若提高政府收購數量以提高農民所得，就會增加政府庫存壓力及出售陳米之虧損。因此，本文採用Chow（鄒氏）所發展之最適控制法。該法之主要目的是在求得多個政策變數在研究期間內各期之最適值，這些最適值應使所選擇出來之多個目標變數在該研究期間盡量達到各期所期望之目標值。當目標變數不等於所設定之目標值時，就視其嚴重性給予一個數字懲罰，利用最適控制模式能求得使全期懲罰總值最低的各期所有政策變數之最適值。這個方法彌補了計量經濟不能同時使用多個政策變數以追求多個目標變數之限制。
本文首先介紹所使用之最適控制法；接著研究台灣稻米市場之經濟體系及政府之操作，並據此設立台灣稻米市場之經濟計量模式，該模式亦作為最適控制模式之限制式；最後設立台灣政府稻米庫存操作之最適控制模式。該最適控制模式包括了四個政府庫存操作之政策變數，以及八個目標變數。利用此模式，本文研擬了四組可能之政策組合，並比較各組所產生之目標變數的政策意義。
關鍵詞
稻米，政策，計量經濟模式，政府庫存操作，最適控制法
Note: The arrows indicate the flow of rice;


 ( and = indicate price determination and   


 the equality condition, respectively.


t-1: last period; ( ) and [ ]: pre-determined  


 and endogenous variables, respectively.


The abbreviation of each variable is  


  given in this paper thereafter.





penalties (Kt) for each target variable at each period





1.wholesale price 


2.total retail supply


3.deviation of retail price 


4.govn‘t sales


5.govn‘t purchases  


6.govn‘t stocks


7.rice sold as feed & export


8.supporting price





target values (at) for each target variable at each time   period





 min. E0(W)=


       T


 E0 ((Yt-a t)‘Kt(Yt-a t)


      t=1





1.supporting price


2.govn‘t sales


3.govn‘t purchases


4.rice sold by govn‘t as feed & export








Optimal control model





subject to





Econometric model (Rice economy)








�. Policy variables are those variables that can be controlled or manipulated by government authorities. They are also known as control variables or instruments. In most applications, the policy variables are a subset of the exogenous variables in an econometric model. The model in such an instance does not explain how the values of these variables are determined. If we specify a rule or an equation for a policy variable, it becomes an endogenous variable. (Chow, 1975, p150) [3]


�. New Taiwan Dollar, US$ 1 = NT$ 26.50 in 1994, Agricultural Trade Statistics of  Taiwan, Council of Agriculture, 1994 .


�. Rice can be planted twice in Taiwan. The first crop is planted from January to April and harvested between May and August. The second crop is planted from June to August and harvest from September to December.


�. For full details please refer to Huang-Tzeng, 1994, p.106 - 136.
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