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MULTIATTRIBUTE UTILITY ANALYSIS AND DECISION SUPPORT SYSTEMS:

THE CASE COF FILIPINO RICE POLICY

Recent advances in dealing with conflicting objectives under uncertainty offer
the possibility of actually making some difference in the selection and imple-
mentation of public policy. These advances involve multiattribute utility
analysis and the construction of o;;ex:atmnal decision support systems. Such
decision support systems mtegrate the decision-makers in the model construc-—
tmn process and zts m@leméntatmn. _'Ihroughbat the model mnstruction, the
zesearchax must be mntmuously wncerned mth ‘the m@lement&t:xm of the deci~

Hﬁ has ta be mllmg to sacrifice the use of some so~

phistmated theor:.es and techmques in order to achieve an operational model
which can be implemented. Since the methodology described here depends very
‘heavily on judgments and interviews, it is very important that the decision-
maker not be confused with urinecessary terminology. Where sophisticated tools
are mavmdaﬁle, the researsizer shomlé construct simple examples to enhance an
1n{:n1t1ve appreczatx@n of the apgmach

The above agprgaqb to policy problems must be seriously entertained, es—
pecially since p\iblj;c ageﬁéieg génerally, and in many cases correctly, reject
the conventional analysis provided by economists. The traditional "box of
tools" often employed is not sufficient to address the important issues facing
these agencies. The typical approach can be described as "solution rich”
where the focus is on those perceived problems which are amenable to conven-
tional economic analysis. In other words, the typical approach is not suffi-
ciently "problem rich." The result of the solution rich approach is a "myopic
blend of technical sophistication with an air of unreality that politicians

often {(rightly) reiject" {Timmer).
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Prior to the construction of a comprehensive decision support system for
pﬂbliq agencies congerned with agricultural systems, a detailed qualitative
analysis of the environment in which the agency operates must be conducted,
Specifically, that qualitative analysis includes (1) the country—social
structure, culture, education, economy, institutional setting, ethnic groups,
etc.; (2) the agricultural sector—role in the economy, level of technology,
‘producer characterxstlcs, marketing channels, fxnancxal 1nst1tut15ns, ete.;
(3) the oommodity—importance in diet, xmpart—ex@ort, technclegy @f produc~
tlon, biological growth characterxstlas, prccessxng‘faczllties, characterls«
tics of the product, perishability, varletzes, spatial and size distribution
of farms and production, substitutable and complementary products, season-
ality, ete.; and (4) the public agency—organization, facilities, budget,
power, effective interest group coalitions, political constraints, activities,
etc. |

Given the above qualitative analysis, the model should be constructed so
that its users are able to follow its design and provide feedback at each
stage. Little claims that "the best aporoach is to lead the potential user
through a sequence of models of increasing scope and complexity. . . . Often
a user having a simple model, will start to ask for just the additional con-
sideration found in the advanced models."

To correct many of the limitations of the traditional box of tools and
satisfy Little's desired simplicity, two major issues facing public agencies
must be explicitly recognized. These issues are uncertainty and multiple and
conflicting objectives. Uncertainty is a principal feature of agricultural

comodity systems. Weather conditions and pests and diseases cause high
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fluctuations in the quantities produced., 2As a(rgsult of low price elastici-
ties of farm products, the price variabiltiy is also very high.

Public agencies such as Agricultural Marketing Boards (AMBs) and govern-
ment agencies are generally charged with the responsibility of responding to
the needs and desires of the different groups ‘and participants within the com—
modity system, ' These ‘groups are the producers, conﬁumers, the government,

‘iaries‘f(as‘sembler‘s ana disiz‘fibﬁf:ars}, and land~

su;:ghers of iﬁp{xts, mt-i’;’ji,
’ama»;:s;. 'merafex:e:, these agencles have more than a smgla objectlve or }'_5@1':«*
formue ”””” ure. by Wh}.ch tc} evaluate their effectzv&ness. '.‘E‘he most Mn
objectmes are to increase and staballze farm mcome, to reach self-
sufficiency in food production, to increase consumer welfare, to decrease
price variability, and to improve the balance of payments. Many of these ob-
jectives naturally conflict with one another so that explicit trade-offs must
be remgnlzed

The purpose of this paper, then, is the cengtmctz.m of stochastic and
mu}.tiattribute decision-making systems which will prove useful and operational
for public égencies. These systems are vigwed as a aeéigicﬁ“making~ aid which
will allow managers of public agricultural agencies to identify and structure
objectives, to make value trade-offs, and to balance various risks. The First
part of the paper describes the general model for optimization under uncer-
tainty and miltiple objectives. 'This model is then applied, determining the

optimal price policy for rice in the Philippines.

Model and Methodology
The paradigm for operaticnally dealing with decision making under uncertainty

and multiple objectives has been referred to as multiattribute decision



analysis (Keenay and Raiffa). This approach consists of two major compo-
nents: the decision tree and the objective function. As is well known, deci-
sion trees are flow diagrams which structure problems as a chronological
arrangement of those choices that are controlled by the decision-maker and
those choices that are determined by chance (Raiffa). The probability distri-
butions assigned) to the chance events can be based on historical data; regres-
xsibf;éanalysis; econemetric modeling; or, as it often happens in real cases, on
_subjective perceptions of the decision-maker.

" fhe most difficult component of multiattribute decision analysis is to
determine the aé@rog}riate objective function. The least restrictive objective

function is the expectation of the multiattribute utility function:

{1} Eu (xi, Xor aesr xn).

Tfie eonstruc.timé of such a function involves the following steps: (1) list- of
objectives, (2) performance measure or attribute for each objective, {3} uni-
v&riatgutili‘ty functions for each attribute, (4) independence relationships

among the attributes, (5) functional form of the multiattribute utility func-
t;igi’"x, {6) scaliné; constants {weights) of the different attributes, and (7) ex-

pected value of the multiattribute utility for each alternative policy.

Objectives and Performance Measures

It is crucial to clearly identify the major objectives of the agency in ques-
tion. Most often, objectives are only vaguely identified. The most common
objectives of agricultural public agencies are (1) increased income of farm~
ers, (2) increased consumers' welfare, (3) sgelf-sufficiency, {(4) price sta-

bility, (5} improvement of balance of paymwents, (6} decreased operational



expenditures, and (7) stable flow of supply. Other "objectives™--like in-
creased productivity, integration of the comrodity system, improved quality,
research and development, and the like-are means to achieve some of the ob—
jectives mentioned above and thus are only intermediate goals.

The performance measure or attribute associated with each relevant objec-
tive should be quantified. ‘'the measures should be simple and meaningful to
the users of the decision support system. This is particularly important
s:s.me the users Mt prwiae the utility functwns for eac:h of the a;r.t_f;f ibutes
a?éfﬁhe»inﬁépenﬁégga rgiatiQ%shiﬁs and weights for the ﬁultiaﬁtxibaﬁ%}éﬁility
function. This task by itself is sufficiently cofplicatéd with simple per-
formance measures; thus, overly sophisticated or theoretical measures should
be avoided.

After the objectives are known, the question to be asked is: What are
the means to accomplish these objectives? The most‘comman»a;ternativeS"fam
aghieving the 6b§actives mentioned aﬁove’éxe‘pféductionQaﬁdfcr marketihg
quotas; floor price to the producers; ceiling price to the consumers; input
subsidies to farmers; quality control; research and develogment; extension
programs; reserve or buffer stocks; import or export taxes and pzegiums: and

infrastructure facilities investments (transportation, irrigation, etc.).

The Objective Function

As mentioned above, the construction of the objective function is fregquently
the most difficult part of the analysis. It reliesz heavily on the preference
structure of the decision-maker and, therefore, requires a thorough interview-
ing process. After the objectives are identified and the appropriate perform-

ance measures quantified, the following stages must be completed.
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Univariate Utility Funetions

In this stage the researcher evaluates the risk perception of the decision-
maker with regard to each of the attributes. A five-point utility function is
constructed by using 50-50 lotter tes! and the general form of the function
frisk neutral, constant risk averse, decreasing risk averse, etc.) is also
aetermimé Usmg the general farm of the utzllty function and the fl%—*}?ﬂlﬂt

utxllt:tes, a aontm%&s t:itl},:t.ty furictmn 3,5 ag:gamxmatea

Imfépamienae R@Zamcms?mps

'Phree types of irdeperidence’ relatxmshxps will be examined. The set of attri-
butes A is preferential independent of the set B if preferences over the set A
do rot depend ¢n the amounts in B. Preferential independence is not reflex-
ive., The set A is utility independent of the set B if preferences over
lotterxes on {a, b') do not depen& on the ﬁxeﬁ amount of b', Utll}.ty Ande~
penéance is not reflexive, The set of attmbutes A and the set B are aé&;.tzve

independent if preferences over lotteries (a, b) depend only on the marginal

probability distr}.mtmns of aand b an»:?: nest on their joint’ dlstrs.bntmns

‘It has been shown by Fishburn. and by Keeney that Af additive xrziepand—
ence holds among all attributes, the multiattribute utility function is of the

form

{2} ufx) = I ki uy (x_i}. (additive)
i

1f, however, preferential independence and utility independence hold, but ad-

ditive independence does not, the multiattribute utility function is of the

form
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(3) 1+ku(x) = T[1+ kki ui{xi)], (multiplicative)
i

where k is the scaling constant for utility function u;, and k is the

1!

aggregate scaling constant.

The Scalirg Cownstants

After the 1ndependence r&latlonsths and the functional form of the multx—
attrlbute atlllty function are kricwn, the researcher has to éetarmlne the
scallng ccnstants or welghts Gf the észerent attrlbutes in the funetlonal
form. Thése cnﬁsﬁants aze zepresented by the k and- k 's in equations (2)

and (3). They are determined by equating different combinations of the vari-
ous attributes and then solving the resulting set of n + 1 equations with the
n + 1 unkrnowns {(the ki's, i=1, ..., n, and k).

The model and the computer program designed to solve the model should
allow:for flexibility in the implementation of tte decision support system.
Not only must sensitivity analysis be admitted in addition to the optimization
but the model should enable the users to efficiently change the values of the
variables, thé probability distributions, and the utility functions in re-
‘sponse to interactive feedbacks. This quality of the decision support system
is extremely important since much of the input is based on judgments of some
officials which may undergo revision.

One of the advantages of the multiattribute decision analysis approach is
the requirement that decision-makers be faced with qguestions on the trade-off
between attributes and the probabilities of uncertain events., This process
"forces" the decision-maker to consistently evaluate the policy problem, an

act which he/she does not typically perform.
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In summary, multiattribute utility analysis begins a qualitative analysis
of the environment in which the agency must operate followed by a specifica-
tion of a quantitative model and a heavy dose of interaction with the actual
decision-makers and users of the decision support system. The entire process
is represented by information flows in figure 1.

The agency charged with the responsibility for formulating and implement-
éng rice policy in the Philippines is the National Grains Authority (NGA). In

general, the NGA atteméts to promote the integrated growth and 6e§a£qgnent of
the Filipino rice industry. Specifically; ?tesiéential Decree No. 4 states
that:
NGA shall devise a system by which it can insure the adeguacy

of supply and stability of consumer prices at levels within the

reach of the low-income families while maintaining the announced

floor price to assure farmers or producers with a fair return on

theit investment. The rationale behind this is the fact that grain

is a major item in the food basket of Filipino families. Thus, it

has a pervasive effect on Philippine gociety such that the slightest

imbalance in its supply and price is felt nationwide.

Objectives and Performance Measures

Five objectives were chosen to represent the rice welfare of the Philippines
for the NGA. These objectives were: (1) increase rice farmers' profits,

{2) self-sufficiency in rice production, (3) increase consumers' welfare,

{4) stabilize market price of rice, and (5) decrease govermment expenditures.

The selection of these objectives was based on interviews with officials of
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the NGA, Similar objectives are reported in Barker, Apiraksirikul and Barker,

Mangahas, Herdt and Lacsina, and Timmer.

Farmers' Net Income
The performance measure of this attribute is the average net income of a rice
farm in one cycle (wet). The net income was defined as the gross income

(saleS} minus the var’:igble cost (hired labor and inputs):

, ¥ M. [¥,h-H_ - P -h (Cr. + C1.
i =1 3 10 c Hs) p P (Chy+ CLy]
( ) xl e 2 ]
L
j=1

where Xy is average ret income to farmer per cycle (pesos), Mj is number

of farms in category j, j is 1 for irrigated farms and 2 for nonirrigated

farms, ‘Y:; is yield per hectare in farm of type j (kg. per hectare), h is

average farm size (2.5 hectares), H, is farm household consumption per cycle
- (535 kg. palay), Hg is farm household storage in wet cycle (135 kg. palay),

f’p is the price of palay to the farmer (pesos per kg.), éLj is cost of

hired labor in farm type j (pesos per hectare), and ézj is cost of inputs in

farm type § (pesos per hectare).

Self-Sufficiency in Rice Production

The performance measure for this objective is the percentage of the quantity
supplied out of the quantity needsd to meet the average consumption of the

nonrice-farming population (100 kg. per capita per year),

{5) Xy = < 106,



where Xy is the measure for self-sufficiency, 4, is the quantity of rice
supplied per capita (kg.), and 50 is the guantity consumed per semester per

capita (ky.). Note that

z .
z M- (Ya . h = H - H )] . -5
_ [j=1 3 3 c sy

(6) g T .65 '

where all variables are as éefxmdabove and Tn is the total mnricje?ffaming
population. Since about 5/8 of the total yearly production is produced in the -
wet ”"sééson, 100 perdérrt’ é&if—suf.fiéieﬁéy ig defined as the c}uantiéy necessary
to meet the consumption at the wet season plus 1/8 of the yearly consumption
to be consured in the dry season but produced in the wet season. The total
nonr ice~farming population (T,) is based on total population of 44 million

ard .96 million rice farms with average femily size of 6.5.

Consumers’ Welfare

The measure for consumers' welfare is the area under the demand curve
referred to as consumers' surplus., This measure has some difficulties,
namély, the inability of government officials and economists to assign a
utility function over this measure. For this reason, it is important from a
preference assessment standpoint to select a measure which is meaningful to
the decison-makers., Fortunately, in the case of rice in the Phiiiwines, such
a measure is readily available. In particular, for a perfectly inelastic de-
mand, the change in consumer welfare, as implied by the consumers' surplus, is
ecquivalent to the change in price. Hence, since the demand for rice in the

Philipoines is highly inelastic, a good performance measura is
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(7} Xy = B,

where x5 is the measure of constmer welfare and P is the price of rice to

the consumer.

Price Variability
The performance measure for price variability will be the absolute deviation

of{théiébﬁéﬁﬁéﬁéﬁ}gﬁiée frem the price in the previous cycle,

(8) S L . . = P __ |,
g - 4 ’ P ,mt-;lil\

where X, is the price variability measure and Pmt is the price to the

consumer in period t. The common measure for price variability is the stand-
ard deviation of the prices. But, once again, a simple measure has been
chogen which is clear to the users of the model when assigning the utility
fdﬁﬁtién‘n Tn addition, the ptopdééé(perfofméﬁcé measure does not penalize for
large deviations from the expected price. The performance measure should be
used only for measuring the performance and not as a penalty function. The
penalty for large deviation, if necessary, would be reflected in the utility

function.

Goverrnment Expenditures’

The performance measurée for this attribute is the total expenditures per
capita of NGA in executing its policies. These expenditures consist of the
cost of purchasing palay from the farmers plus the cost of importing rice less
the revenues from selling rice to consumers less the revenues from exporting

rice,
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The Alternatives of NGA
The price policy for rice consists of determining the floor price to the pro-
ducers (pesos per kg. of palay), ceiling price to the consumers (pesos per kg.
of rice), and reserve stock policy. Only the different alternatives of floor
and ceiling price will be evaluated. It will be assumed that, if the market
clearing price is above the ceiling price, the government would import the
quantity necessary ﬁe“drive‘the price down to the ceiling price. If the mar-
ket clearing price is below the floor price, the government would export rice
to drivé1the price up to the floor price. The current floor price to the pro-
ducer (Pp) is 1.10 pesos per kg. of palay, and the ceiling price to the con-
sumers (539 is 2.10 pesos per kg. of rice.

Three different levels of floor price to the farmers {1.00, 1.10, and
1.20 pesos per kg. of palay) and eight different levels of ceiling price to
the consumers (1.70, 1.%90, 2.10, 2.30, 2.50, 2.70, 2.90, and 3.10 pesos per
kg. of rice) have been evaluated initially. In addition, the "free market"

policy, namely, no floor or ceiling price, has been evaluated.
Uncertainties

Weather

A subjective probability distribution was assessed for the nature conditions
variable, with three possible outcomes: "bad"-—production is 10 percent below
normal; "moderate™--production is normal; "good"--production is about 10 per-—
cent above normal. Based on the assessments of NGA officials, agricultural

economists, and farmers, the probability distribution used in the analysis was:
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Good nature conditions p=.2
Moderate nature conditions p=.5
Bad nature conditions p=.3.

A more quantitative analysis of rice yields ([Yassour) resulted in a very simi-

lar disgtribution.

Farmers’ Resp@nae

types,aﬁ farms are &15t1ngulshea~here.. 1rr1gateﬁ anﬂ‘nﬁnlrrlgateﬁ In
the 1rr1gated farms, tha—fazm&rs uﬁually grew more than cae-crop per yaar,
They are less vulnerable to nature conditions and are more profitable. The
nonirrigatgd farms, however, are less intensively cultivated. Most of them
are in the areas far from the big marketing centers and are less flexible in
their markgting options.

NGA officials and Fiiipianagribultgxal?économistsf§§ve been asked to
assess the response of farmers who grow rice in irrigated and nonirrigated
farms to different levels of floor price for palay. Their assessments are

summarized in table 1.

Demand

Findings of Mears, Nasol, Apiraksirikul, and Te show that the price elasticity
of demand for rice in the Philippines ranges between -.2 and ~.5. By substi-
tuting the current gquantity consumed per capita per year (100 kg.) and the
current consumer price (2.10 pesos per kg.) in linear and Cobb-Douglas func-
tiong, the respective demand functions were obtained. A subjective proba—

bility distribution was then assigned over the elasticities., This was done
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Tablé 1, Probability Distributions of Farmeérs' Response to
Different Levels of Fleor Price

i Probability - -
o .. Irrigated o Nonirrigated -

Floor Price .25 W5 .28 025 U5 L2

i {perCent 0f production jmmm——wreme—

1.00 peso per kg. a2 97 102 95 98 101
1.10 pesos per kg. 100 100 100 100 100 100
1.206 pesos per kg. 102 104 106 100 101.5 143
Free market 99 100 101 97. 99 101

2100 percent production is what the farmers intend to grow under
the current floor price (1.10 pesos per kg.). This basic figure

differs for irrigated and nonirrigated farms.



16.

with the advice of the researchers of the Department of Agricultural Bconomics
of the University of the Philippines, 1os Bafos, and of the International Rice
Research Insititute. Higher probabilities were assigned to recent findings
and to medial values. The elasticities to be analyzed in the model, their
respective demand functions, and probabilities are shown in table 2.

In order to avcié skyroc'ke*‘ing prices for very. small(’quantities as a re-
sult of aﬂ expcnentzai demaﬁ& functlon an& neg&txve pr1cesrfon very lamge ’
quantltzas as a reSult of a Ilﬁﬁar démand functzan, it has been assamsd that
-the demand functzon 1s llnear b@ the left of the’ cszrent qaantlty cansnmed

(100 kg. per capita per year) and ex;g@nentlal to its rlght,

World Market Price of Rice

The gricé NGA would pay (receive) for imported (exported) rice is also a ran-
dom varjable., Based on their knowledge about the situation qf rice and grains
in the international market, NGA officials provided the. pi:obébi};ity distribu~
tion shown in table 3 for the year 1978.

The prices in table 3 include the cost of the rice itself, sea transpor-
tation and iﬁsuranée, and transportation from the port to the warehouse. The
price that NGA would receive for 1 ton of exported rice {f.o0.b.) is; of
course, lower. NGA officials estimated that, for the same quality of rice,
the export price per ton would be lower than the import price by about

20 percent.

The Domestic Price for Rice
The price of palay to the producers and the price of rice to the consumers are

alse random variables. However, a probability distribution doses not have to



Table 2, Price Elasticities of bemand for Riee, Demanﬁ}ﬁugﬁtﬁépﬁ,»and’Probabilities

‘Price L  ¥.§émand Fuﬁction N '
Elasticity . Exponential - Lineard = Prohabllity
-2 b= (116/q)0 P = 12.60 - (165q .3
-3 p=(125/)°3% p = 9.10 - .07 3
-4 P = (135/q)%°° P = 7.10 - .05g .3
-.5 P = (145/0)2 P= 6.10~ .Dhq 1

%rtie linear demand functions are the linear appraximatiéns of the exponential

functions at the region of the current price and quantity consumed per capita,

T



- Table 3. Subjective Probability Distribution of World
Market Price for Rice

Price of Imported rice ~ Probability

~~{¢.i.f., dollars per ton)--—

250 1
270 .2
300 .4
330 .2
350 1

Source: ﬁepartmenc of Corporate Plamning, Natiomal Grains

Authority, persenal communication.

13,
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ke assigned over these variables since they are determined by the intersection
of the demand curve and the quantity supplied and by the margin of the
intermediaries,

There is empirical evidence that the margin between the retail price and
the farm price is more or less constant {Castillo; Mangahas, Recto, and
Ruttan; Mears et al.; and Yassour). Based on these findings a fixed margin of

.45 peses per kg. was assumeé

PBrice Policies _ P |
Two possible policies of NGA are distingGishable: (a) the floor price to the
producers plus the intermediaries' margin is greater or equal to the ceiling

price to the consumers,

(N P; + ?i z ?ﬁ;;
and {b) the the floor price plus the’irxt:armediaries‘ margin is lower than the

ceiling price,

ao) B <

In case {a) NGA has to intervene regardless of the market behavior. It
is assumed that, for those policies which imply relation (9), MGA will subsi-
dize the rice by the amount tP; + }?i - P;i‘;) for a kilogram consumed do-
mestically. If the quantity locally supplied is greater {smaller) than needed
to meet the ceiling price, NGA will export (import) the surplus {deficiencyl.

Note that, for any level of Py and a particular demand function, there is a
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corresponding level of 9% or quantity (per capita) marketed necessary to

achieve the celling price. In this case,

el
#

B

P p

kg = qm {P’* + Pi B - (qs qt) (8§ - ¢ -:I’x - PE = Py)y

where?pmmeacmw:maf rice to the farmer (pesos per kg.), Pmis
the és'tual b&:icﬁe of r:iée o the consumer {pesos per‘ kg.}, Xz is government
expenditures per capita, g is the quantity locally supplied per capita (kg.
per capita), P, is the world market price for rice, ¢.i.f. Manila (dollars
per kg.), r is the rate of currency exchange (pesos per dollar), and § is 1 if
qs eﬁ; {c,z £.) anc} .8 1f qs g (f.o.b.). The first component of
the le‘ftﬂham‘i side of the gavermnent exmnamtures equation is the subsuﬂy paid
by the gavermnent, and the second em: is the revenues (costs) from ex-
porting (mportmg) ' A

It is assumed that, if NGA exports some of the rice, it would incur the
same processing, traﬁéportatim, and handling costs at the 33&%@ level as those
of the private sector. Therefore, NGA would pay for 1 kg. of exported rice
the price PE’ + Py,

In case (b), where relation {10) applies, the market equilibrium is al-
lowed to play a crucial role. 1In this setting, three possible market scen—

arios are distinguishable. Scenario 1 is when

y 7 — &
Pe<Pmanc‘!Pe Pi<P
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where P, is the equilibrium price at the consumer level. For this scenario,
the consuners'® side is satisfied but not the producers'. It is assumed that,
in order to meet the floor price to the producers, NGA would export the quan—

tity 9 - q% The prices and expenditures would be:

xs“g(qs-_q;)' {%+Pi~.8-r-P),

where q’é_ is the quantity marketed necessary to meet the floor price for the
realized demand function.

Scenario 2 is when

! - > P
B, < B% and B, - B; > X

In this scenario, since both sides are satisfied, NGA would not intervene in

the market. The prices and expenditures would be:

and

Scenario 3 is when

g - *
Pe > Pm and Pe Pi > Pp'
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‘For this sgenario, the producers' side is satisfied but not the consumers'.
It is assumed that, in order to meet the ceiling price to the consumers, NGA

would import the quantity q; - Q- The actual prices and expenditures

would be:
Fn = ng
]
and

Empirical Estimation of the Objective Function
Based on an interview with the former Administrator of the Rice and Corn
Administration, it was found that the five attributes are pairwise preferen-
tial independent. and that at least one attribute is utility independent of the
It was also found that additive independence did not exist among the at-
tributes. Thus, the mﬁlﬁiplibatiVe utility function
(11} ' l+ku {xi, Xor Kay Xy, xs} = izl {1 + kki uiéxi)]
was the appropriate objective function. Given equation (11), it is necessary
to determine ?he ki's and Hi(xi) for i =1, 2, 3, 4, 5.
Using 56—5@ lotteries éﬂé fitting continuoous utility functions, the uni-

variate utility functions obtained were

{12} ulﬁxl) = 1.0l - 4.2¢ exp(«.ﬁﬂlZle),
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{13) uzixz) = -1,12 + 0.54 In (x2 - 68},
(14) u3{33) = (.09 + 0,656 In (5 - x3},
{15} u4(x4} = 0,72 In{4 ~ x4),

and

1{%&} ‘ ) . ﬁsixs} = ~4.81 +1.28 lnvégﬁ - X5j; -

?hetgstimaggé»séaliﬂg constants tki'si‘were ky % -8, ko = .58;
ky = .65, k, = .52, kg = .33, and k, which solves
5
(17} l1+k= I (1 + kki),
i=l
was calculated to be k = ~1. Thus, the objective function used in the model

was,

Eu fxl, Xor Xgr Xy, xs) =1 ~ [1 = .8ul(xl}} + {1 - .Ssuzfxz}}
(18) + [1 - 65ug(xs)] = [1 - .52u,(x,)]

- [1- -3335(X5}3.
The Optimal Policy?
The expected utilities of the different policies are given in table 4. HNote
that a small difference in the expected multiattribute utility may imply a
very large difference in the performance measures of the individual attri-
butes. The reasons are: (1) at the higher levels of the utility {as those
raported in the analysis above), the utility curve is very flat, and (2) if
four of the five attributes are held constant, all the differences in the mul-

tiattribute utility are concentrated on the remaining attribute,




Table 4. The Expected Utilities of the Various
Policies : .

“GeTTins o Floof price o
price . . 1.00 - 1,20 o

1.70 93569 95244 96190
1.90 .93977 .95566 96470
2.10 94362 .95809 .96678
2.30 .95274 .95851 .96581
2.50 95752 .96222 .96577
2.70 95946 .96351 96666
2.90 .95983 .96375 . 96675

3.10 95940 .96345 .966546

‘No government intervention: ,95569.
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To £ind the difference between the alternative selected in the prelimi-
nary analysis [1.20, 2.10] and the current policy [1.10, 2.10], .84 is substi-
tuted for all u; {xi) r 1 # 3 in (18), and the expected utility on the
left-hand side of (18) is solved for the respective x,, j =1, 2, 3, 4, 5.7

For j =5, % = 39.5 pesos per capita was obtained for the current

mllcy anﬁ Xy = ll 5 pesas per cap}.ta for the selected pﬁlicy. Thus, the

- erment expendlmrés, 15 {39 S - 11. 5) 44 mlllmn = 1,230 mlllmn pesos per
.:smesher*. 'I'he results af s;mlar cmpansons f@r the other attrlbutes are
shown in table 5.

~ From table 4, it is observed that not only is [1.20, 2.10] superior to
the curreént policy but, for any given c¢eiling price, the higher the floor
price, the higher the expected utility. This implies that better performance
may be achzeved by & floqr prme higher than 1.20 pesvs. HGA»ofﬁciais, how-
ever, ;_::mvxc‘!eé ﬁor thlS study mformatmn only on the farmers® resmnse to
changes of .10 peso above and below the current floor price, which was 1.10
pesos As wili be sbcwn in the sensitivity analysis section, even for a
cbnservéﬁive assmuptwn that famners' z—:a‘sgeﬁse to higher floor prices is the

same as for 1.20 pesos, the optimal policy was found to be [1.40, 2.10].

Yo Govegrrment Imtervention

From table 4, it is obwious that government intervention in the form of fixed
prices and subsidies or assured floor and ceiling prices is much preferred to
no intervention. The policy of no govermment intervention is ranked nine-

teenth among the 25 alternatives. Moreover, policies with lower floor prices



Table 5. Comparisonsg Between the Optimal, Constrained Optimal, and‘Cgfxenthﬁiicies

Expected utildity
Value of:%

Xy {pesos)

X, {percent)

x

3 {pesos per kg.)

¥, (pesos per kg.)

ol

% {pesos per caplta)

. 96984

2,642
107.6
1.78

. 64

-1.9

96696

2,470
102.0
2.08
1.08

10.8

T - u Felley. -
[r.40,2.30} . [1.30; 2.90] [1.20, 2.30] gl;gﬁ, 2,907 [1.10, 2.10]
.96678 .96675 .95809
2,460 2,458 2,095
101,7 101.6 89.3
2.10 x‘:, 2.11 2.84
1.10 1.11 2.10
1.5 LT 38.5

“These are values of Xys the attribute being calculated, which result in éh&faﬁove expected utility when

the values of the other attributes are fixed such:that u

j(xj) w 84, %ﬁ%“ﬁ“ﬁfiﬁk 2,583 pesos, %X, =

105.7 percent, Xy = 1.88 p&s@é»pér gy x, = +79 pesos per kg., and\ig,# 2&#@‘§é805 per capita).

o ‘QZ
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and higher ceiling prices (which are steps in the direction of no interven-

tion) were found to be less favorable than others with more involvement.

Optimal Constrained Policles
The policy selected on the basis of the preliminary analysis [1.20, 2.10] im~
4,

Qlies fixed farm and consumer prices and a subsidy program.” Using the .61

rate of recc«very ﬁrom palay to rice, the 1.20. pesas floor prlce for palay

txanslates t{; L ’i?'pesas per kg. of r; “ﬂgj Bdding ta that the intermediaries® N

ce to consumers gf 2.42 pesos per

kg ’I‘hxs '.;figure is higher ;;han.the cei

ihg price of the optimal policy and
thus implies a'.govermzent subsidy of .32 peso per kg. for rice. (For the
[1.40, 2.10] policy, the subisidy would be .64 peso per kg.).

NGA tends to limit xts V involvement z.n the riéégnindustry in an attempt to
maintain the objective of a capitalistic and free-enterprise economy in the
P;kii%;ppiﬁes-. As a result, mmy ;gbe,:miuctant to implement. a policy which
img;lyies fixed prices to the farmer and the aonsmﬁerv and which requires an
-overall subsidy program for rice. If this attitude is to be kept by KGA de-
spite the t;‘g*gul'ts of this analysis, it would imply i.mplementiing a suboptimal
policy. © I;mxtaé involvement in the rice inaustéy':"wfaé"mt considered as one of
the objectives in the analysis; therefore, tradéécxffs between the rate of gov-
errment involvement and the other attributes are tniot available. However, the
cost {shadow p}:ic-é) of that constraint will be calculated; and it may be left
to BGA and the govermment of the Philippings to decide whether the objective
justifies its costss.5

The 20 best policies with floor prices ranging from 1.00 peso to

1.50 pesos, farmers' response to floor prices above 1.20 pesos equal to that
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of 1.20 pesos, and celling prices ranging from 1.70 pesos to 3.10 pesos are
shown in table 6.
Policy 1 was found to be the optimal policy under mo constraints, namely,

{19 max E u (X., Xy Xor %X,, %) = (1.40, 2.10)
Pi;"?i; 1F P27 73T 74T 75 f

wher:& Pp and P ar:e the flmr price and ceiling price, respectweiy.

’ Pﬂlmy 11 vzas found to be the Gptunal polmy under the ¢ stz’aint of o
snbsmms. A subsa.dy program is necessary mﬂemr the consumer gmm is
lower than the farm price plus the mtemeé;ames’ margm. Thus,

pTa;* Eu (xl, Xar Xgr Xyy xsj {(1.386, 2.90)
¥
p''m
subject to

P*
(20) KT R
where P, is the intermediaries' margin,
Policy 16 was found to be the optimal policy when the floor price was
restricted to its original range, namely, below or equal to 1.20 pesos per kg.
p’
subiject to

. P o< 1.20.
(21) BA < 1.20

Policy 18 was found to be the best under the two constraints, namely,



Table 6. Expected Utility of the 20 Best

Policies

Floor Ceiling Expécted

price price utiltity

1 1.40 2.10 96984
2 1.50 2.10 .96960
3 1.40 2.30 96923
4 1.50 ;;3a’ 6918
5 1.0 . 2.10 196902
6 1.50 2.50 .96827
7 1.30 2.30 .96824
8 1.40 2.50 . 96818
9 1.40 1.90 96754
10 1.30 2.50 .96705
11 1.30 2.90 .96696
12 1.50 2.70 . 96696
13 1.50 2.90 96695
14 1.30 1.90 96690
15 1.30 2.70 .96687
16 1.20 2.10 .96678
17 1.40 2.70 .96677
18 1.20 2.90 96675
19 1.30 3.10 96667

20 1.20 2.70 . 96666
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max E u (xl, Xor Xqr Xyr xS} = {1.20, 2.90),

P;,%;
subject to
p*
"%i' + P1 = P:ﬁ
{22} -
and
* P* < 1.720.
B 1.20

- A cofparison between these four policies and the cutrrent policy [1.10,
210} is shown in té_!:iie 5. ¥Prom this table, it is observed that the differ-
ence between the three constrained policigs [1.30, 2.90], [1.20, 2.10], and
[1.20, 2.90] is insignificant. However, the differences between these three
policies and the unconstrained policy [1.40, 2.10] and the current policy
[1.,1{3)), 2.101 are very significant, For all oi:ber four attributes fixed at the
“level foz: '%Lrhi;éh iij _"(x:j') = .84, the total govgm_tﬁént expenditures are .
~84 million pesos for [1.40, 2.10], approximately 500 million pesos for the
three constrained policies, and 1,740 million pesos for the current policy.
The addi;:ik{mal cost implied from imposing each of the constraints (shadow
price) is 584 million pesos per semester. *I‘he cost of not changing the cur~

rent policy would be 1,824 million pesos per semester.

Sensitivity Analysis

The optimal policy of flcor price = 1.20 pesos per kg. and ceiling price of
2.10 pesos per kg. is a result of the data used and the assumptions of the
model. In the following sections the sensitivity of the optimal sclution to

changes in some critical assumption and parameters of the model is tested,
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This part of the analysis is more important in a decision-analysis model than
in other models because it heavily relies on subjective evaluation which may

not be shared by all participants in the decision-making process.

The Flopr Priece
In the interviewing process, it was quite difficult to get the evaluation of

um& foli::lals on. how. famers would reSpond o small changas in the flos:)r

’grice. es"af mre ‘than .10, peso per‘ E:g wsa_ i:;not concexvabla. 'I‘?xerew

fore, the ’analyms ' _Eas hmteé tcf:r ).m pesc ef the _c_urrent gnca, rxamély, over

" the. range( 1 ﬂﬁ»l :%Q pesos As: mézﬁ’:'i'meé above, it was fmmcf} that, Qver the
initial range, the higher the flcor price, the better the policy. It was sus-
pected, t-herafére, ﬁhaé floor prices higher than 1.20 pesos per kg. might re—
sult in higher expected utility. Since farmers' response to a higher fi;sor
price was mt available, a conservative assmption was teken in which the
farfi{ers' resp@*xse to floor: prwes above 1.20 pesseas par Kg. malé be the same
as for 1.20 pesos pez: kg. 'The computer program was then run with the floor
price ranging from. 1.00 peso per kg. to 1.80 pe&as per kg. and the -éeffsiiag

floor price of 1.40 pesos per kg. for palay and a ceiling price of 2.10 pesos
per kg. for rice [1.40, 2.10}. The second-best policy was [1.50, 2.10]. The
expected utilities of these two policies were .96984 and .96950, respec-
tively. Tt is certainly possible that, with more favorable farmers' response
to a floor price of 1.50 pesos per kg. than to 1.40 pesos per kg., the optimal
policy would have been [1.50, 2,10},



The Sealing Consteonts

The values of the scaling constants in the model were calculated on the basis
of an interview with the former Administrator of the Rice and Corn Administra—
tion. His subjective preferences and risk perceptions do not necessarily
coincide with those of NGA decision-makers., Thus, the model was run for dif-
ferant valuas @f ‘the scalmg ccnstaﬂts. Smc:e the- sﬁ:&lmg tants are re~

. optxmal pmlwws would re»ﬁ:i;ec;t i:he ‘changes in these csngﬁ*&nts. e
The Scalxﬂg eaﬁstants computed in the 1n1t1al analy31s were kl é,
k2 = 58, k3 = .65, k4 = 52, k5 = ,33. 1In the sensitivity analysis,

we ran the computer program for all 243 possible combinations of k; = .9,
.8, and .7; k;__, = .7, .6, and .5; k3 = .75, .65, and .55; kg = .6, .5,

H

5 45, .35,7and ,25ﬂ Of the 243 combinations examined, 75

and 7#; and k
msulted in [1.50, 2.10] as the best policy; 47 in [1.40, 2.101; 26 in
[1.30, 2.10]; and 21 in [1.20, 2.70]1; the remaining 74 combinations resulted
in seven other policies. /

The optimal policy was sensitive mainly to the values of k, and Kg.
Table 7 summarizes the rggﬁ;tts of the sensitivity analysis on the scaling con~
stants, From table 7 it »is observed that the higher the kl {scaling con-
stant for farmers' income), the higher the floor price. There is no change,
however, in the ceiling pricé. It is also observed that the higher the ke
scaling constant for goverrment expenditures), the higher the ceiling price
and the lower the floor price. Obviously, these results were expected. Where

two or three policies were found optimal for the same combinations of kl and

kS [see results for combinations (.8, .35}, (.9, .35y, (.7, .45}, (.8, .45),



Table 7, Optimal Policies for Different Levels of

kl and kﬁ

.7

.8

9

| 1.40, 2.10
1 ent 1

1.50, 2.10

1.40, 2.30

(6)

(6)

1.20, 2.70

(18)

o

1.20, 2.10

1.30, 2.90

(15)
1.30, 2.10
e
1.40, 2.30
)

1.50, 2.30
(9)
1.50, 3.10
*iégn_
1.50, 2.50
(6)

?;n parefitheses, the frequencies out of 27 possible.

x
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and (.9, .45)], the optimal policy was determined by the other three scaling
cotistants., Thus, for example, for kl = .8 and ks = .35, the [1.40, 2.10]
policy was found to be optimal for higher values of k 4 {scaling constant for
price variability) and higher valugs of k3 {scaling constant for consumers'
welfare}.

Sengitivity analysis was also conducted for some other imp::;:t’ant vari-
'ables,. As expected, it w&g found that hlgher expect:ed utllz.tms resaulted for
lower mﬁswr@tmn, decreased populatlm, hlghp‘f ylelds, m;:e rice farms in
general, and mora xrmgatea fa::ms in f.;rartmular Genex:ally speakmg, the

f}.o::»r prlce of the optimal polmy deczeased as the tchal productlon increased.

Conclusions and Implementation _

From table 6 it was observed that the optimal policy consists of a floor price
of 1.40 pesos per kg. and a ceiling price of 2.10 pesos per kg. As mentioned
above, this policy implies fixed farm and rétail prices.and a subsidy of

.64 pesos per kg. Buch a policy requires major changes in NGA operations and
administration. In addition, this gzolicy:eont'radicts free—-enterprise pur—
suits., It is suggested, therefore, that as a first stagn NGA take the policy
in which the flcc;r price is 1.30 pesos per kg. and the cellmg price is

2.70 pesos per kg. This policy does not imply fixed pr‘ices and subsidies
{1.30/.61 + .45 < 2,70}, and its expected utility is only slightly lower than
that of {1.30, 2.90) which was shown to be optimal under the no-subsidy
conistraint., A ceiling price of 2.70 pesos per kg. may result in a sharp in-
crease of the consumer price. The probability of such an increase, however,
is lower under the suggested policy than under the current policy. This is

because of the expected higher production in response to the higher floor
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price, 1In the rare case of a nationwide disaster, NGA may launch a temporary.
emargency program of subsidies. In addition ' the government can compensate
consumers for the increase in the price of rice by tax, welfare, and other
programs.

In order to avoid what Raiffa cails the error of the fourth kind, namely,
solving the ‘right problem too 1a’t:~e,{ lt is suggested that other major improve-
aments i such ‘a8 mcorporatlng @ther m&nodltles mta the m@éei or constructing
'a 'éynamw mL be postpaned tmtll aftar the f1rst stage of {:he implementas

twn has takéa place. T’ms is mxstent with t‘ﬁe mtegratwe and operational

ap@mach aavanced in this papr-vr
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Footnotes

*Giannini Foundation Paper No. .

lE'or a very good description of the 50-50 lotteries procedure, sce

Anderson, Dillon, and Hardaker (pp. 70~75).

2‘1!he~:fallming data were used in analyzing the model: average family
,s;za of mc:e»growmg farm is 6.5 (Hayami gt al.}; current yearly consumption
of rxce 15 10& kg per aapxta (Aviglietero) s -rate of recovery fran galay to

:rxt:e 15 .61 wetnseasan groductmn 1s 62.5 pezcent of the total yearly pméua« b

j'twn, yleld c}ﬁ mmgateé and mmz:mgated farm.'s is 2.25 and 1 5 tons péz: hec—
tare, respectively (45 and 30 cavans per hectare); the number of irrigated and
nonirrigated farms is 360,000 and 600,000, respectively, with an average farm
size of 2.5 hectares; current price to co;lswn:ers is 2.10 pesos per kg. {Alix,
Kunkel, and Gonzales); cost of labor per irrigated and nonirrigated hectare is
40399505. per hectare and 300 pesos per hectare, respectively; cost of inp&té
is 400 pesos per hectare and 250 pesos per hectare, respectively (NGA files);

and exchange rate is 7.3 pesos per dollar.

3‘1*?1& value, .84, for v, (x:), i # j, was chosen so that
0< zij{xj) <1 for all j.

4his is certainly true for the [1.40, 2.10] policy which was found to
be the optimal policy over a broader range of the floor price.

SFcr completensss of presentation, the analysis below dlso compares

policies examined in the sensitivity analysis section which appears later in

the paper.
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