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The framework and methods outlined in Construction of Tecision

Support Systems for Agricultural Marketing Boards and Other Public

Agencies in Less Developed Countries:; Part [ provide the basis for

designing a Decision Support System for price policy for rice in the
Philippines. Decision Support Systems differ from traditiomal computer—
based approaches to problem solving in that they are used to help solve
the instructured problems typical of the decision-maker's real world.
Unlike the traditional techniques of operations research and optimiza-
tion methods, Decision Support Systems rely on the decigion-maker's
insights and judgment at all stages of problem solving--from problem
formulation, to choosing the relevant data to work with, to selecting
the approach to be used in generating solutions, and on to evaluating
solutions presented to the decision-maker, The constructed Decision
Support System for Philippines rice price policy serves as in illustra-~
tive application of the general approach.

Partc IT of the manual begins with a description of the envi-
roament in which the National Grains Authoricy operates. Section II
presents a general model for grains in the Philippines. It presents
a framework for an operational and implementable model of price
policy for rice in the Pnilippines which is described in section IIL,
Section IV outlines some preliminary results obtained from the
constructed decision support system. The formal preference analvsis
iz presented in Appendix A and, finally, the computer program for

the decision support system is provided in Appendix B.
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The frarework and methods outlired i Construction of Decision

Sunpore Systems for Agricultural Marketing Beards and Qther Public

Agzencies in Less Developed Countries: Part I provide the basis for

designing a Decision Support System for price policy for rice in the
Philippines., Decision Support Systams differ from traditional computer-
based approaches to problem solving in that they are used to help solve
the instructured problems typical of the decision-maker's real world.
Unlike the traditional techniques of operations research and eptimiza-
tion methods, Decision Support Systems rely on the decision-maker's
insights and judgmeat at all stages of problem solving-—from problem
formulation, to choosing the relevant data to work with, to selacting
the approach to be used in generating solutions, and on to ewvaluating
solutions presented to the decision-maker. The constructed Dacision
Support System for Philippines rice price policy serves as in illustro-
tive application of the general approach.

Part TI of the minual begins with a description of the envi-
roament in which the National Cralns Authoricy opervates. Section II
presants a genaral model for grains in the Philippines. It p;esents
a framework for an operational and implementable model of price
policy for rice in the Philippines which 1s deseribed in section [IL.
Sectinn IV cutlines soue prelialoary resvlos obtalaed frosm the
constructed decision support system. The formal preferance analvsis
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CONSTRUCTION OF DECISION SUPPORT SYSTEMS FOR AGRICULTURAL
MARKETING BOARDS AND OTHER PUBLIC AGENCIES IN
LESS DEVELOPED COUNTRIES: PART I




1. The Problem

Agricultural Marketing Boards (AMB) and other public agencies in
less~developad countries generally and in most cases correctly reject the
analysis provided by economists. The traditional "box of tools" often em-
ployed by development ecconomists is not sufficient to address the important
issues facing these agencies. The typical approach can be described as "solu-
tion rich" where the focus is on perceived problems amenable to neocclassical
economic analysis--which often do not relate to the right questions or
identify the real problems. Ian other words, the typical approach is not
sufficiently "problem rich."

To correcﬁ many of the limitatlions of the traditional box of tools,
twe major issues facing AlMBs must be explicitly recognized. These issues are:

a, Uncertainty.

b. Kuitiple and conflicting objectives.
To be sures, these issues make the planning process difficult and scme would
argue more difficult in agriculture than in other industries.
1.1 Uncertainty

Uncertainty is a principal feature of agricultural commodity sys-
tems. Weather conditions, pests, and diseases cause high fluct;ations quan-
tities produced. As a result of low price elasticities of farm products,
the price variability 1Is also very high. Thus, it is necessary to construct
a stochastic model which accurately represents the problem in the environ-
ment within which AMBs must operate.

1.2 Multiple and Conflicting Objectives

AMBs and governnment agenciles are generally charged with the responsi.
bility of responding to the neads and desires of the different groups and

participants within the commodity systewm. Thess groups are the producaras,
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consumars, the govermment, suppliers of inputs, intermediaries (assemblers and
distributors), and landowners. As a result, these 2genciss havs more than a
single objective or performance measure by which to evaluate their effective-
ness. The most common objectives are Lo increase and stabilize farm incone,
to reacn self-sufficiency in food production, inereass consumer welfare, de-
creage price variability, and improve the balance of payments., Many of thess
objactives naturally conflict with one ancther and, thus, explicit tradewoffs
must be recognized.

1.3 Separation of Uncertainty and Aversion to Risk

In dealing with the above issues, decislon-makers often confuse their
perceivad uncertainty with their degree of risk aversion. In an intuitive
decision-making context, this phenomenon has bsen demoastrated in numerous
settings. This confusion often results in clouded and what would appear to b=
the implementation of "irrational" decision actions. Quantitative decision~
support systems offer the advantage of being able to clearly delineate pzr-
ceived uncertainty from averaion to risk.

This manual is thus concerned with the construction of quantitative
decision-~making systems which will aid wmanagers of public agricéltural agen-
cieg te (1) identify and structure objectives, (2) make value trade-offs,
and (3) balance various risks.

2. Mesthodology
The paradigm for cperationally dealing with decision making under

uncertainty and multiple objectives has been referred to as Multiattribute

Decigion Analysis. This approach consizts of two major componsnts:

a, The decision tres.

o. Tne eobjecrive funciiun.



2.1 D=zcision Trees

A decision tree is a flow diagram which structurss the problem a3 a
chronological arrangement of those cholces that are controlled by the
decision~-maker and those choices that are determinsed by chancs. Decision
choices are described by decision forks and the uncertain events by chance
forks., Assoclabted with each chance fork is a probability distribution which

provides the probability of occurrence of the uncertain event conditicnal on

b

the action taken. The probablility distributions assigned to each chance fork
can be based on historical data; regression analysis; econometric modaling:
or, as it happens in most real cases, on subjective perceptions of the
decision-maker.

At the end points of the dscision tree appear the different "pay-
offs.®” These are the levels of the different attributes for a given set of
actions and chance events,

The results of the above analysis isolate an initial optimal action
and a contingency plan for any given sequence of events along the path., The
set of optimal decisions is determined by maximization (minimization) of an
objective function which reflects the probabilities and the payéffs.

2.2 The Objeetive Functions

The most difficult part of multiattribute decision analysis is to
determine the appropriate objective function, The least restrictive ohiec-
tive function is the expectaticn of the Multiattribute Trility Function.
The construction of such a functionm involves the following steps (& more

detailed description is given in Section 3):



a. List of objectives.

b. Performance measure or attribute for each objecitive.

¢. Univariate utility functions for each attribute.

d. Independence relationship among the attributes.

e. Functional form of the multiattribute utility function.
f. Scaling constants (weights) of ths different attribufes.

g. Expected value of the multiattribute utility for each

3. Steps in Construction of a Decision
Support System for AMB

The following steps are suggested For the constiruction of a compre-
hensive and consistent decision support system.

3.1 The Environment

A gualitative description of the environment in which the AMB oper-
ates must be completed in order to understand the reascning behind the es-
tablishment of the agency in question and its operations. The description

should include:

3.1.1 The Country

Social strueture, culture, education, sconomy, institutional setting,

ethnic groups, stc.

3.1.2 The Agricultural Ssctor

Role in ths economy, level of tachnology, producer characteristiecs,
marketing channels, financial institutions, etc.

3.1.3 The Commodity

Importance in diet, import-export, technology of production, bio-

logical growth characteristics, processing facilitles, characteriatics of the

product, perishability, varieties, spatizl and size distribution of farms and

produstion, substitutable and complemnsntary produchts, zeasonality, sbto.

I TS

A N R 1



3.1.4 The Agency {AMB)
Organization, facilities, budget, powar, effzciiva interesat group
coalitions, peolitical constraints, activities, ete.
3.2 The Model
3.2.1 Qbjectives
It is crucial to clearly identify the major objectives of the AMB.
Most often, objectives are only vaguely identified. The most common ob-
jectives of AMBs are:
a, Increased income of farmers.
b. Increased consuaers welfars.
c. Self-sufficisncy.
d. ?rice stability.
e. Improvement of balance of payments.
f. Decrease operational expenditures.
g. Stable flow of supply.
Othar "objectivas™ like increassd productivity, integration of the commodity
system, improved quallty, ressarch and development, and the like are means to
achieve some of the objectives meanticnad above and thus are only intermediate
goals.

3.2.2 Performance Maasurss

The performance msasure or attribute asscociated with sach relevant
objective should be quantified. The measures should be simple and meaningful
to the users of the Dacision Support System (D33). This is particularly im-
pertant since the users must provide the utility functions for each of the
attributes and the independence relationships and weights for the multiatiri-

bute utility function. This task by its21f is sufficiently compiicated withn
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simple performance measures and thus overly sophisticated or thecretical
measuras should be avoided.

2.2.3 Alternatives

After the objectives are known, the gquestion to be asked is: What
are the means to accomplish these objectives? The most common means
for achieving the objectives mentioned above are:

a. Production and/or marketing quotas.

b. Floor price to the producers.

¢. Ceiling price to the consumers.

d. Input subsidies to farmers.

e. Quallity control.

f. Research.

g. Extension programs.

h. Reserve or buffer stocks.

i. Import or exporﬁ taxes and premiums.

}.- Infrastructure facilities-—~transportation, irrigation, etec.

3.2.4% The Commodity System

-

A qualitative as well as a quantitative analysis of the commodity
system is the core of the model. In the qualitative analysis the relevant
participants of the system must be identified. These are the producers, con-
sumers, intermediaries, input suppliers, financial institutiona, the govern-
ment, ebe. In each category significant subgroups must be distinguished.
Thus, for example, subsistent farmsrs might be distinguished from semisube-
sistent and commerecial farmers. The distinction cculd be based on different
technologies uzed, on spatial grounds, on distance from the urban markets,
etc, The qualitative analysis should also investigate commodity charac-

teristics and links, e.g., zmong the grains in gensral, with rice and corn



separately, or different types of rice with regard to quality, variety, season
of marketing, etc. One should also list all the variables to be incorporated
in the model. These are the decision variables, state variables, endogenous
and exogenous variables, random variables, and parameters.

In the quantitative analysis, the process begins with gpecification
of the functional form relating the variables isolated by the gqualitative
analyses. These relations are the demand and supply functions, state equa-
tions, probabilistic relationships, and the performance msasures.

For the reasons noted above, it is especially important that the
random variables or uncertain quantities be properly characterized. The most
common uncertainties involved in the agricultural systems relate to:

a. Weather condition--drought, floods, typhoons, frost, ste.

b. Pests and diseases.

e. Supply and demand functions.

d. World market prices.

The probability distributions asaigned to these uncertain quantities and the
factors {(explanatory variables) on which these uncertainties are conditioned
should be based on "hard" data; previous research; and, if nescessary, on con-
sistently assessed and quantified perceptions.

3.2.5 Thsg Objective Function

The construction of the objective function relies heavily on the
preference structure of the decision-maker and, therefore, requires a thorough
interviewing process. After the objectives are identified and the appropriate

performance measures quantified, the following stages must be completed.
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3.2.5.1 Univariate Utility Functions

In this stage the rezearcher evalutss the risk perception of the
decision-maker with regard to each of the attributes. 4 five-point utility
function is constructed by using 50-50 lotteries and the general form of the
function (risk neutral, constant risk averse, decreasing risk averse, ete.) 1is
also determined. Using the general form of the utility function and the five-
point utilities, a continuous utility function is approximated.

3.2.5.2 Independence Relationships

Three types of independence relationships are examined:
a. Preferential Independence (PI).

b. Utility Independence (UI).

c. Additive Independence (AI).

Definitions and Examples

Preferential Independsance;

The set of attributes A is PI of the set B if preferences over the
set A do not depend on the amounts in B. PI is not reflexive, namely, A is PI
of B does not imply that B is PI of A.

For a simple example, comsider a manager who always preéers a secre~
tary who types fast but with spelling mistakes to one who types slowly but with
no mistakes, regardless of attractiveness. In this event we would say that
the set "speed and spelling” is PI of attractiveness. If, however, the manager
prefers the one who types fast with mistakes to the slow and accurate one when
both are unattractive but the slow accurate to the fast inaccurate when both
are attractive, it follows that these attributes are not PI. Note that the
"attractiveness” attribute was the same for the two secretaries.

For an AM3 example, if an AMB always prefers an outcome in which the

level of the producers' welfare is high and the level of the consumers' welfare



is low to an outcome in which the consumers' welfare is high and the producers'
welfare is low, regardless of the level of food sufficiency, the set of
attributes—~"producers' welfare and consumers' welfare"—-is PI of food suffi-~
ciency. If, however, the AMB prefers high producers' welfare and low consumers'
welfare when the level of food sufficiency is high and high consumers’ welfare
and low producers' welfare when the level of food sufficiency is low, then the
set of attributes is not PI.

Hence, in summary, when the level of a third attribute does not in-
fluence the preference between cowbinations of two other attributes, these two
attributes are PI of the third; or more formally, the property of PI follows
if

al’olc1 > azbzcl for all all ¢y

where a, and a, are different levels of cne attribute, and,bl and b2 are dif-

ferent levels of a second attribute, and ¢y is a fized level of a third

attribute. The symbol, >, stands for "preferred to." Similarly, PI does not

follow if

>
alblcl aZbZCl’

but

alblCZ < a2b2c2

where sy is another fized level of the third attribute,
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Utility Independence:

The set A is Utility Independent (UI) of the set B if preflerences

over lotteries on (4, b') do not depend on the fixed amount of b'.

For a simple example, suppose two secretaries apply for a job. The
first, when in a good mood (50 percent of the time), types 100 words per
minute but when in a bad mood types only 50 words per minute. The second
is a very stable person who typaes 70 words per minute. If the manager has
the same preference between them regardless of their attractiveness, which
is equal, then typing speed is UI of attractiveness. Thus, if she (the
manager) prefers the stable secretary when both are unattractive and when
both are attractive, we have UI. If, however, she prefers the stable one
only when both are attractive, but the unstable when both are unattractive,

these two attributes are not UI.

Hence, UI follows if
.5 _ 100 wWPM, b'
70 WPM, b' > /{/ for all b’

50 WwPM, b’
where b' stands for some fixed level of attractiveness.

Similarly, UI does not follow if
.5 100 wWPM, artractive

<5
\\\\\

70 WPM, attractive >
50 WPM, attractive

.5 100 WPM, unattractive
70 WPM, unattractive <<::§::j
50 WPM, unattractive

but

o
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¥or an AMB example, consider the manager of an AMB who is faced with

two possible outcomes, each with a 50 percent chance of occurriag: (1) If
natural conditions are Eavorabie, the level of food sufficiency for a cer-
tain commodity would be 100 percent; (2) If the natural conditions are un-
favorable, the level of food sufficiency would be only 70 percent. Suppose,
in addition, a large insurance company offers to purchase all available
quantities of the commodity in question and to provide in return B0 percent
of the level required for food sufflciency. If the management prefers the
offer of the insurance company, regardless of the level of the producers'
welfare, we would say that food sufficiency and producers' welfare are UI,
However, if management prefers the offer only when the level of producers'
welfare is low and the uncertain situation when the level of producers'
welfare 12 high, then we would say that these two attributes are not UIL.

Hence, to formally summarize, thes property of UI follows if
5 . 10067, '

80%, w' > <
70%, w'

where W' stands for any fixed lavel of the producers! welfare, and > reads

"preferred to." Similarly, UI does not follow if
5 - 100%, w

y 1
SOZ, Wl > < s

~ 70,
70 w1

but
5 100%, w

’ 2
80%, w2 < .5 .

- 80%, Wz

where Wy and W, are two different levels of producers' welfare.
In summary, when the risk we are willing to take with regard to un-
certainties in one attribute dozs not depsnd on the level of anather abtri-

bute, then the first attribute is U of the second.



Additive Independence:

The szt of attributes A and the set B are Additive Independent (AI)
if preferences over lotteries (a, b) depend only on the marginal probability

distributions of a and b and not on their joint distributions.

¥or a simple example, suppose a manager must select an office; she
has two choices~—room 101 or room 102. There are two secretaries in room
101, one of whom (50 percent chance) will be assigned to her. The first is
a perfect secretary who types fast and with no mistakes, while the other
types slowly with frequent mistakes. The same situation exists im room 102,
but the first secretary there types fast with mistakes, while the other types
slowly with no mistakes.

If the manager is indifferent between the two rooms, the two attri-
butes are AL and the manager is risk neutral., If, however, she prefers one
room to the other, the two attributes are not AL. If she prefers room 101,
she is said to be double-attribute risk prone. If she prefers room 102, she

is said to be double-attribute risk averse.

Formally, the Al property follows if

.5 ~fast, accurate .5 ~ fast, inaccurate

5 v .5

slow, inaccurate slow, accurate

where ~ reads "indifferent to."

To illustrate this property with an AMB example, suppose the man-~
agement of an AMB can choose between two policies. TIf they choose the first,
there 1s a 50 percent chance that the producers' welfare and the consumers'
welfare will be high, and there is a 50 percent chance that both will be low.
If the second policy is selected, there is a 50 percent chance that the pro-

" welfare low and a 50 percent

ducers' welfare would be high but the consumers
chance that the consumers’ welfare would be high and the producers' welfare

low (see figure below).
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P* C,

.5 Pk’ % .5
Policy 1 < - Policy 2<
P, C*

Pyes C,

where P% and C¥* are the high levels of producers? and consumers' welfare, re-
spectively, and Py and Cy are the low levels. If the management is indif-

ferent between the two policies, we would say that the two atitributes are AI,

If, however, the management is risk averse and wants to avoid the two bad out-

comes, it would prefer policy 2, and the two attributes are not AI.

3.2.5.3 The Scaling Constants

The researcher has also to determine the weights of the different
attributes in the objective function. These constants can be determined
only when some independent relationships hold and, thus, the objective func-
tion has a relatively simple form. The two most simple forms of the multi-
attribute utility function are the additive and the multiplicative utility
functions.

The additive form is

u (xl, v ers xn) = ? ki ui(xi),

where
u (xl, ciey xn) = The multiattribute utility function,
x, = The value of the ith attribute,
n = The number of attributes,
ki = The scaling constant of the {th attribute,
and

u, = The univariate utility function of the fth attribute.

R



The additive form is the appropriate form if Additive Tndependence holds
among all attributes. The multiplicative form,

+k - =
1+ %k «u (xl, . xn) g 1+ kki ui(xi)},

where 1 + k = T (1 + kki), is the appropriate form if the properties of

i
Preferential Independence and Utility Independence hold among all attri-
butes, but not Additive Independence. A complete description of applying
these concepts to counstruct a utility function for the National Crains

Authority in the Philippines is given in Part II of this manual.

4, Implementation

Throughout the model construction process, the researcher must he
continuously concerned with the implementation of the decision support sys-
tem, He has to be willing to sacrifice the use of some sophisticated theories
and technigques in order to achieve an operational model which can be imple-
mented. Since the methodology described above depends very heavily on judg-
ments and interviews, it is very important that the deciaion-maker not be
confused with unnecessary terminology. Where sophisticated tools are un-

avoidable, the researcher should construct simple examples to enhance an

intuitive appreciation of the approach.

The model and the compuber program designed to solve the model should
allow for flexibility in the implementation of the decision supporﬁ system.
Not only must sensitivity analysis be admitbtted in addition to the optimiza-
tion, but the model should enable the users to efficiently change the values
of the variables, the probability distributions, and the utility funetion in
response to interactive feedbacks. This quality of the decision support sys-
tem is extremely important since much of the input is based on judgments of

som2 offieiala which may undergoe revision.
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One of the advantages of the multiattribute decision analysis ap~

proach is the requirement that decision-makers be faced with questions on the
trada-off baetween attributes and the probabilities of uncertain events. This
process "forces™ the decision-maker to consistently evaluate the policy prob-
lem, an act which he/she does not typically perform. As the former Adminis-
trator of the Rice and Corn Administration in the Philippines said: "If only
these questions, even without the analysis that follows them, were asked ten
years ago, the current situation would have been much better.®

In coneclusion, multiattribute utility analysis begins a qualitative
analysis of the envirconment in which the agency must operate, followed by a
specification 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. An illustrative ap-

plication of this process is presented in Part II of this manual,



Figure 1

Decislan Suppart Syetem Construgtlon Process
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GLOSSARY OF SYMBOLS

Additive Independence

Agricultural Marketing Board

Bureau of Agricultural Economics, Philippines
Expectation operator

Food sufficiency measure (see xz)
Government expenditures measure (see XS)

High~yielding varieties

Scaling constants (weights) of the multiattribute
utility function

National Grains Authoricy, Philippines

The market clearing (equilibrium) price of rice (?/Kg)

Preferential Independence

The margin of the intermediaries (P/Xg)
The actual price of rice to the consumers (F/Kg)
The actual price of rice to the producers (¥/Xg)

The floor price of rice (P/Kg)

World market price for rice, c.i.f. Manila ($/g)

The actual quantity purchased by the consumers per year
(Kg/capita)

The quantity wmarketed, necessary to achieve the ceiling
price (Kg/capité)

The quantity marketed, necessary te achieve the flcor

price {Kg/capita)
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q = Quantity supplied (Kg/capita)
q. = Quantity exported (Kg/capita)

r = rate of currency exchange (2/$)
RCA = Rice and Corn Administration

R_ = Producers' revenue measure {see xl}

UI = Utility Independence

ui(xi) = Univariate utility function of the fth attribute

u (xl, pe ey xs) = The multiattribute utility function

Vp = Price variability measure (see xa)
Wc = Consumers' welfare measure {(see x3)
X = Rp = Average net income to farmers (P/semester)
X, = FS = Percent self-gufficiency in rice production
X, = Wc = Consumer price eof rice (P/Kg)
X, = Vp = Change I1n the consumer price of rice from previous

period (F/Kg)

x. = & = Government expendltures per capita (¥)
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Y. THE RICE INDUSTRY QF THE PHILIPPINES

1.1 Introduction: The Philipnines

The Philippines is an archipelago of about 7,000 islands. Its
total land area is 300,000 square kilometers (116,000 square wiles) and its
population is about 44 million. Most of the population (about 95%) is con-
centrated in three groups of islands: 1)} The Northern group: Luzoa ~
105,000 K%, Miadoro - 10,000 Ké; 2) The Central group: Samar - 13,000 K%,
Negros - 13,000 K%, Palawan - 12,000 K%, Panay - 11,000 K%; and 3) Mindanao
in the South -~ 95,000 K%.

The growth rate of the population is 3% per year. This 1s among
the highest in the world (compared to India - 2.3%Z, China 1.7% and USA 1%).
This high rate is attributed to the fact that most of the pcpulation belong
to théARoman Catholie Church and also live in the rural aress. The mortality
rate, on the other hand, has decreased dramatiéally in the last few decades.
Life expectancy has increased from about 37 years in 1900 to about 52 in
1960, 59 in 1970 and 61 in 1978,

As mentioned above, most of the population, more than 30% are

affiliated with the Boman Catholic Church. Other religious groups are Muslims,

Aglipayans and Protestants with about 6% each. Religion is mot the only
aspect in which the Spanish influence can be found. The social structure of
the Philippinzs, its economy and its culture were also heavily Influenced by
the Spaniards who ruled the Philippines from the middle of the 1é6th century
to the end of the 19th century. The English language is widely spoken in
the Philippines. It is one of the two official languages (together with the
Tagalog). It is taught in the elementary schools and is the only language

used ~n th: high school and universities, The official publicationg of the
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government are in English as are most of the newspapers and radic and
television broadcasts, American influence can be found also in other as-
pects of Philippine culture and in the political system {before Martial
Law).

Ranking among the poorest countries in the world, the Philippines'
Gross National Product per capita in 1975 was only $370 (compared with
India - $140, Brazil - $920, Mexico ~ $1,090, and USA $6,670). Per capita
daily calorie consumption in 1965 was 1900 calories (compared with India -
1350 and Brazil - 2500). Inequality in income is indeed substantial. The
richer 107 of the population earn 40% of the total national income while
the poorer 20% eara oanly 4%. The average growth rate in real Gross National
Product per capita is about 1% per year. This is attributed to the low level
‘of industrialization, primitive agriculture, low level of infrastructure
(road networks, electricity, telephone, irrigation systems, etc.), and also
to the "easv~-going"” nature of the Filipiros who are not highly motivated by
“"profit-maximization" but rather assign high value to free time.

Agriculture is the most important sector in the national econcay.
It acecounts for about 50% of total employment, about 35% of éhe gross domestie
production and over 63% of export earnings. Together with its r;le to meet
the food requirements of the country the agricultural sector also provides
a market for industrial goods siace 70X of the population is in the rural
areas.

The principal farm products are rice, coconut, sugaf, abaca,
tobacco, corn and pineapple. While rice and corn are grown for domestic
consumption, coconut and its products, sugar and abaca account for most of

the Philippines export income. Mining is the second source of narional
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income, The Philippines is rich in mineral resources like gold, silver,
copper, iron and other metals, The exploitation of these resources is not
very efficient due, again, to low level of techrnology and infrastructure.

The economy of the Philippines is based on free enterprise. The
government limits its involvement only into areas where the public sector
does mot operate in line with the government view of public welfare. Thus,
for example, the government gets involved in the trade of rice, but only up
to a certain percentage of the total trade.

The prospects of the future of the Philippines are controversial.

On one hand there has been progress in the economic and social structure.

The education system is considered to be the best in the Far East. The
middle income class is growing and poverty has decreased in most areas. On
the other hand, the cost of labor is still very low. This resﬁlts in a

slow adoption of capital investment in equipment and modern technologies and
impedes the industrialization of the country. The low cest of human labor
may also perpetuate the current social structure in which extreme richness

and poverty coexist and several maids and private drivers are customary in
almost any family in the middle and high income classes. The future political
structure of the Philippines is also unclear. )

In September 1972, President Marcos declared Martiasl lLaw and, thereby,
assumed vast powers. The Congress has been dissolved, the mass media have bgen
controlled and strikes and demonstrations disallowed. When declaring Martial
Law, President Marcos said it would be temporary and would ex{st until the
New Society of the Philippines was established. With the growing opposition
to Martial Law on one hand and the willingness of the governmeant to move
towards‘higher laevel of democracy, on the other hand, it is hard to predict

what the day may bring forth.

R
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1.2 The Rice Industry

1.2,1 Introduction

Rice is with no doubt the most important food crep of the Philippineas.
It is the staple food for about 807 of the population. More than one-third
of the areable land is devoted te rice, and about one-half of the labor force
is located in the rice areas.

Although rice is such aa important crop for the Philippines the
level of technology and the yields per hectar are relatively very low. See
Table 1 for comparison of yields.

Table 1

Yields of Paddy (rough rice) in Different
Asian Countries - 19735

Country Yield
(Kg./ha.)
Afghanistan 2,148
Bangladesh 1,959
Burma 1,779
China 3,536
India 1,771
Indonesia 2,779
Japan 5,954
Cambodia ’ 1,286
Korea 5,300
Lao 1,340
Malaysia 2,666 .
Nepal 2,082
Pakistan 2,264
PHILIPPINES 1,721
Sri Lanka 2,095
Taiwan 4,323
Thailand 1,771
Vietnam 2,150

Source: A. C. Palacpac, World Rice Statistics, IRRI, April 1977.

As a result of its poor production relative to the fast-growing

population the government has imported vice almost every year. (See Table 2.)
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Table 2

Annual Total Supply, Imports and Exports of Rice,
Philippines 1960-1977

Total Available

Year Supply Imports Exports
(M tons) (M tons) (M tons)

1960 2,292 .010 -
1961 2.369 .109 -
1962 2.455 070 -
1963 2.348 .128 -
1964 2,691 « 347 ~
1965 2.959 .524 -
1566 2.812 327 -
1967 2.715 218 -
1968 2.602 174 054
1969 2.670 - 041
1570 3,191 - 001
1971 3.277 .018 -
1972 3.744 .633 -
1973 2.931 .238 -
1974 3.723 .311 -
1975 3.691 .238 -
1976 3.838 .071 -
1977 3.962 .024 -

Source: Alix, Kunkel and Gonzales, Analyzing Statistics on Palay Productica
Area, Yield, Stock Inventory and the Masagana '99 Program, Baeccn,
Quezon City, 1973.

Importation of rice is not the only activity taken by the government
with regard to the rice industry. 1In a fact, the government gets involved in
the production, processing and marketingz of rice. .

1.2.2 Production

The rice farms in the Philippines are divided into two major groups:
irrigated and non-irrigated. 1In the dirrigated farms the farmers usually grow
more than one crop per year. Sometimes, even three or four. The physical
irrigated rice land accounts for about 40% of the rice area, however, the
harvested irrigated area accounts for about 533% of the total harvested area.
In the recent years there has been an increase in ths irrigated area, although

this crend vas nore significant in the provinces which are closer to Manils;
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Central Luzon, Southern Tagalog and Bicol. The yield per irrigated hectar
is higher than that of a non-irrigated hectar by almost 60%. HNot only the
irrigated farms are indepéndent on natural moisture but also there is a high
correlation between irrvrigation and the use of high-~yielding-varieties (HYV),
fertilizers and modern technologies.

The non-irrigated farms consist of lowland and upland areas. The
upland areas are the least productive and there is a constant declining trend
in their £ota1 area. (See Table 3,) It has been shown that the impact of HYV
was to increase production levels by 15%Z-16%Z while the occurrence of severe
typhoens and drought would pose a negative impact on production by 8% and 147,
respectively. The impact was shown to be only half of the above ou irrigated
areas and 50% more on non-irrigated areas. This indicates that increased
irrigation not only contributes to increased production but provides for a
less variable supply [Alix, Kunkel, and Gonzales, 1978].

There is a significant trend of increasing the use of HYV of rice,
HYV are curreatly planted on 81% of the irrigated areas but only on 647 of
the non~irrigated. (See Tables 4, 5, and 6.) Increase in the yields over the
past two decades were responsible for almost all of the increases in the
production. Furthermore, this production came mostly from incremsed Irrigated
areas and the High-Yielding-Varieties associated with these areas. The in-
crease in irrigated area was offset by a decline in the upland area,

Although rice can be grown all year long there is a clear dis-
tinction between the wet and the dry seasons. The wet season (July-Dacember)
produces about 627 of the total annual rice production. At this season both
irrigated and non-irrigated areas are utilized. The yields per hectare in this
season, however, are lower by more than 10% than those of the dry season due

to lover rediation, lower tempevatures and higher occurrency of typheons and

flools. {See Tabla 7.}
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Table 3

Palay: Production, Harvest Areca and Yield per Hectare, by Crop Type
Crop Year 1960-1977

IRRIGATED LOWLAND NON~-IRRTICATED LOWLAND UPLAND
Harvest Yield Harvest Yield Harvest Yield

Crop Production Area Ton/ Production Area Ton/ Production Area Ton/
Year M Ton '000 has. Hectare M Ton '000 has., Hectare M Ton 000 has. Hectare
1960 1468 1016 1.44 1645 1500 1.10 627 790 .79

1961 1450 560 1.51 1840 1660 1.11 415 578 72

1962 1529 987 1.52 1877 1510 1.24 524 682 AT

1963 1589 1014 1,56 1812 1451 1.25 566 697 82

1964 1520 430 1.64 1824 1530 1.19 494 627 .79

1965 1578 958 1.64 1915 1607 1.19 500 634 .79

LU65 1734 960 1.80 1901 1543 1.23 437 606 .72

1u67 1864 1171 1.60 1858 1480 1.26 372 445 .84

1968 2271 1369 1.74 1894 1514 1.25 397 481 .83

14964 2545 1483 1.72 "1549 1407 1.10 351 443 .79 ]
1970 2701 1346 2.05 2049 1356 1.52 423 - 412 1.03 o
1971 2931 1471 2.00 2038 1277 1.60 374 365 1.02 f
1972 2617 1332 1.96 2170 1548 1.40 313 366 836

1973 2344 1241 1.89 1729 1436 1.20 342 434 .79

1974 2015 1494 2,02 2195 1534 1.43 384 409 .94

1975 3034 1412 2.14 2241 1674 1.34 385 453 .83

1576 3370 1495 2.26 2450 1695 1.44 340 390 .87

1977 3494 1490 2.35 2536 1657 1.53 427 : 501 1.06

SUWURCE:  Bureau of Agricultural Economics, Quezon City.
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Table 4

Palay (Rough Rice): Area Marvested of Irrigated and Rainfed Crops,
by Variety Group, Philippines, Crop Year 1970-1977, ('000 Hectares)

IRRIGATED NON-IRRIGATED LOWLAND UPLAND TOTAL
Ripgh High All
Yielding Other All Yielding Other Varie~
Crop Year Varieties Varileties Varietles Varietles Varileties ties
1970~-1971 985.0 435.5 1470.5 580.4 697.0 1277.4 364.7 3112.¢6
1571-1972 977.1 354.9 . 1332.0 849.7 698.5 1548.2 366.2  3246.4
1972~1973 B872.8 368,1 1241.0 807.0 629.4 1436.4 434.4  3111.8
1973-1674 1194.5 299,2 1493.7 982.1 551.8 1553.9 409.2  3436.8
1974-1975 1108.9 302.8 1411.7 1066.1 608.2 1674.3 452.8  3538.8
19?5m1976 1207.3 287.3 1424.6 1092.4 602.3 1694.7 390.0  3599.3
1976-1977 1285.5 - 204.0 1485.5 1131.2 536.2 1657.4 400.6  3547.5
SOURCE:

Bureau of Agricultural Economics, Quezon City.
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Crop Year
1970-1971

1971-1972
1972-1973
1973-1974
1974-1975
1975-1976

19761977

SOURCE:

£ 8 A S o

Palay (Rough Rice):
by Variety Group, Philippines, Crop Year, 1970-1977 ('000 ton)

Table 5

Production of Irrigated and Rainfed Crops

IRRIGATED NON-IRRIGATED LOWLAND UPLAND TOTAL
High High All
Yielding Other All Yielding Other Varie-
Varieties Varietles Varteties Varieties Varieties ties
15963.4 937.4 2530.8 937.0 1101.3 2038.3 373.8 5342.9
2005.8 611.5 2617.3 1226.3 543.3 2169.6 313.2  5100.1
1702.4 641.2 2343.6 1030.5 698.9 17258.4 341.6  4414.6
2450.0 365.0 . 3015.1 1503.5. 690.9 2194.4 384.6 5594.1
2465.5 268.4 3033.9 1523.6 717.0 2240.6 385.5 5660.0
2796.9 572.9 3269.8 1648.8 800.7 2449.5 340.2  6159.5
3085.0 408.6 3493.5 1870.8 664.7 2535.5 427.1  6456.1

Bureau of Agricultural Fconomics, Quezon City.
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Table 6

Palay (Rough Rice): Yield per Hectare of Irrigated and Rainfed Crops,
by Variety Group, Philippines, Crop Year 1970-1977, (Ton/Hectare)

IRRIGATED NON~TRRTGATED LOWLAND UPLAND  TOTAL
High High Ali
Yielding Other A11 Yielding QOther Varie-
Crop Year Varieties Varieties Varletles Varieties Varletiles ties
1970~1971 2,024 1,932 1.993 1.615 1.580 1.5%6 1;025 1.716
1971-1972 2,055 1.725 1.967 1.443 1.351 o 1.401 .854  1.571
1972-1973 1.949 1.742 1.888 1.276 1.109 1.204 .788  1.417
1973-14974 2.050 1.888 2.020 1.531 1.254 1.412 .942 1.628
1974~1975 2,222 1.879 2.147 1.430 - 1.179 1.328 .854 1,602 ?
1975-1976 2,315 1.993 2,253 1.509 1,329 1.445 .871  1.720
1676-1977 2.400 2.005 2.345 1.655 1.265 ©1.530 1.065 1.820

SQURCE: Bureau of Agricultural Economics, Quezon City.
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Table 7

Production, Area and Yield by ‘Crop Type, by ‘Semester,
Philippines, Crop Yecar 1970-1977

IRRIGATED LOWLAND A NON-TRRIGATED LOWLAND UPLAND
Harvest Yield Harvest Yield Harvest Yield
Crop Production Area Ton/ Production Area Ton/ Production Area Ton/
Year Semesgter M Ton '000 has. Hectare M Ton '000 has. Hectare M Ton Y000 has, Hecrare
1970 I 1667 791 2.11 1589 970 1.62 396 380 1L.04
1L 1094 555 1.97 460 a71? 1.22 27 32 .84
1971 T 1716 840 2.04 1446 876 1.65 355 346 1.02
Ir 1215 530 1.92 542 402 1.48 19 19 1.03
1972 I 1449 745 1.94 1482 1038 1.42 277 329 B4
IL - 1169 587 1.99 688 510 1.35 36 37 97
1973 T 1333 734 1.82 1371 1057 1.30 302 377 .80
IT 1011 | 507 1.99 339 379 .94 50 57 .70
1974 I 1758 804 1.94 1639 1073 1.52 353 369 .96
IT 1257 590 2.13 556 460 1.20 31 40 .78
1975 I 1597 812 1.96 1535 1139 1.34 338 3513 .86
II 1437 600 2.40 705 535 1.32 47 60 .79
1976 ; 1864 B54 2,18 1764 1152 1.53 295 336 .88
I1 1506 640 2.35 686 543 1.26 45 54 . B4
1977 1 1886 873 2,16 1778 1114 1.60 365 333 1.10
I1 1607 616 2.61 758 544 1.40 62 63 .81

SOURCE: Bureau of Agricultural Economics, Quezon Clty.
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1.72.3 Storage and Processing

Because of the seasonal pattern of vice production most of the produce
is stored for about 3-4 months. Farmers store the rough rice (paddy) for self-
consumption and when they expect higher prices in the future. The storage
facilitfies of farmers and alse those of most traders are of low quality and
the spoilage'rate is quite high. The quality of the stored rice depends also
on the practices used in harvesting, threshing and drying. Since most farmars
still use primitive techniques in these activities the quality of the rice and
the net quantity of stored rice are relatively low. It has been estimated
[Asian Productivicy Organiiation, 1970] that losses resulting from pre-storage
practices are about 8% of the crop. Losses in storage are about 3% and in
transportation arcund 1Z. The main cause for losses in storage are rodents
and also woisture and insects.

Cut of the total stock of rice in the Philippines, farm-household
storage accounts for about 60%, private, commercial and government stocks
account for about 25% and non-farm househcld for the rest [Mears, et al.l].

Most of the rice milling facilities in the Philippines are alsc quite

&

primitive. About one-third of the mills are of the kiskisan type. These wills
are inefficient and have a recovery rate of only 45% by volume [Drilon and Gold~
berg, 1969}. Their cash operating cost 1s relatively low, and they are quite

simple to operate. A wmore ~dvanced mill is the cono-type wnich has a higher

rate of racovery and lower pevcentage of broken grains. The most advanced -
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type used in the Philippines {s the rubber-roller wmill., It is the highest
capital intensive but the best rate of recoverv and lowest percentage of
brokens. The average rate of recovery from palay in-the farm to rice in the
market place is estimated at 61% [Alix, Kunkel and GConzales, 1978].

Rice is harvested as paddy with the husk and bram layers. In the
milling procéss the husk is separated from the grain and the outer layers
of the bran are polished. Unlike other cereals the rice grains are not ground
to a fine flour but rather kept as whole grains. The efficiency of milling
is determined by the rate of recovery from paddy to rice and by the percentage
of broken grains.

1.2,.4 Marketing

The importance of rice marketing in the Philippines is increasing
continuously as the yields per hectare are Iincreased and more farmers get out
of substantive farming. Because of the growing urbanization and the higher
yield associaved with the intensified cultivation of the new varieties the
parcentage of production that has bgen market-directed has increased from
around 20% in 1920 to owver 60% in 1969-70 [lears, et al., 19741,

The rice in the Philippines moves in the private and government
channels. In the private channel the farmer z21ls: 1) Zn the local market;
stores, mills, consumers, landlords and suppliers of inputs, and 2) to middlemen;
mills or wholsalers. The millers in the consumers' area and the sholesalers
sell the rice to retailers. In the goverament channel the NCA buys paddy from
the farmers (if marks:t price goes below the minimum price) and either processes
it in its own mills or sells it to the mills. From this stage the tice follows

s

more or less the same route as in the private channel. If the price to thea
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consumers goas above the celling price the NCA releases rice from its own
storage and/or imports rice to drive the price to the ceiling ﬁrica. (For
detailed charts of the marketing channels see [Mears, et al., 1974, pp. 86-87]1.)
Most rice consumers buy the low-quality rice with up to 50% brokens. In Manila
which is the biggest single market of rice, however, the rice market is seg-
mented, with the upper and middle income groups demand the hetter quality of
rice.

It is believed that price and income elasticities of demané for rice
in the Philippines are low. Exact figures are not available berause of low
levels of significance in the researches done in this matter. UNevertheless,
the estimates of price elasticity of demand for rice range between -.1 and
—.4, and the income elasticity of demand between +.1 and +.4. One explanation
to the low elasticities is that consumers substitute high quality rice by low
quality rice when the price increases and the opposite when the price goes
down or the income increases. (For probabilistic approach to the uncertainty
concerning the price elasticity see Section IIL.)

1.3 Government Intervention in the Rice Industry

Because of its major role In the economy rice,has always been a
political commodity in the Philippines. Govermment intervention in the rice
industry began as early as in 1857 with the elimination c¢f the import duties.
In 1936 the government itself entered wmore actively into che trade of rice.

At that year the government established the National Rice and Corn Corporation
(NARIC) with the objectives of assuring the farmers a fair income and the

consuzers a steady supply of rice in a reasonable price [Buencamino, 1937].

BARIC established a wminimum price at which it bought rice from the farmers

o ohmn i
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and also imported rice in yvears where low production drcvé the consumers’ price
above some certain levels. 1In 1962, after vears of corruption and losses,
NARIC was dissolved and the Rice and Corn Administration (RCA) was established.
RCA's responsibilities and objectives were similar to those of NARIC. Despite
their efforts, neither NARIC nor RCA were very successful in achieving their
objectives. The income of farmers remained low, there was a black market of
rice in the big cities and no price stability.

In 1971 President Marcos, in Presidential Decree #4 ordered the
establishment of the National Grains Authority (NGA); which took the responsi-
bilities held by RCA.

Government involvement in the rice industry is not restricted only
to NGA activities which include price policy, procurement, distributicn, post-
harvest facility development, industry regulaticon and some research, Other
agencies, authorities, councils, commissions, bureaus and banks also partici-
pate in the poliey making, subsidizing, promoting and developing the rice
industry. The actitivies of all these bodies are not always well coordinated.
Each body has its own budget and even if all were operating optimally it was
not necessary that the system as a whole would operate optimally.

The government promotes the rice industry by subsidizing the inputs
(fertilizers, working capital, etc.). It develops irrigation systems and
promotes research and extencion services. Land reform, credit diffusion,
imports and crop insurance are among some other activities by which the govern-

ment expects to achieve its social and economic goals for the benefitr of the

farmers and the consumers.

g T A
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1.4 The National Grains Authority

The National Crains Authority (NGA) was established by Presidential
Decree No. 4 immediately afeter Martial Law was declared in September 1972.
NGA replaced the Rice and Corn Administration (RCA) and inherited its tasks
and responsibilities, This Act was part of the new government's desire to
get rid of "undesirables" and to expand the degree of involvement of loeal
gévernment'officials in the rice progran [Mangahas, 1975].

The NGA adopts the policy of the state to promote the integrated
growth and development of the grains industry so that to fulfill its social
responsibilities and be capable of providing adequate and continuous food
supply and contributing its share to the national economy. The basic objec~
tives of NGA are:

1) Increased and efficlent productivity to meet growing demand.
2) Higher income and living standards of farmers.

3) Stabilized grain prices within the reach of low-income families.

4) More foreign exchange earnings for whatever grain product which
may be available for export.

5) Efficient processing and distributlon system of grains.

6) Maximum development and utilization of by-procucts.
Actions taken by NGA to achieve its objectives are:

1) Providing farmers with ready market for their produce at

government supporc price which is based on their cost of

production and a "fair" income.

2) Holding buffer stock for adequate éupply and stability of
grain prices "within the reach of low-income fanmilies.”

lParts of this secticn were derivad from various NGA publications.
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3) Information campaizn, extensica service and credit fnzentives
for the adoptiocn, in the production, processing and distribu~
tion, of new technologies and systems.

4) Import grains in periods when local production is not sufficient
to cover the demand at the desirable price.

5) Export grains when the supply exceeds the demand.

Procurement and distribution of grains and especially rice are the
most iaportaat activities of NCA. Most of the budget and manpower is spent
in this area,

Presidential Decree No, 4 specifically provides thary

NGA shall devise a system by which it can insure the adequacy

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 retura on

their 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 society such that

the slightest imbalance in its supply and price is felt nationwide.
Nevertheless, NCA limits its market intervention to the extent of procuring
and distributing only 107 of the market-Jirected grain preduce. In addition,
NGA builds up a "security buffer stock” which at the onset of the traditional
lean months must be guch a volume equivalent to at least 30 days consumptiom
requirement of the urban populace.

In policy wmaking the mest important decision i= to determine the
floor price to the producers and the ceiling price to the consumer. These
two decisions are not indepeadent. Since NGA wants to keep the margin of the
middlemen fixed more or less, a declsion regarding the price to the producers
implies also the price to the consumers.

The current method by which NCA determines the minimum price to the

producers is by estimating the average cost per kilogram of rice preduced,

plus some "falr" proflt. In order to do that NCA needs information on the

T 0. N P VY 4 A Ve
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average cost of production per hectare and the average yield per hectare.

It should be noted that the decision on the minimum price is not necessarily

consistent with the constraint of market intervention to the extent of maxi~

mum 10%. In a good year, when the yields are high, NGA might procure much

of the produce in order to assure the floor price. This may result in

procurement of more than 10%. On the other hand, since NGA is limited by

its storage capacity it might not be able to procure all the produce necesgsary

to assure the floor price. In these cases NCA usually exports the excess

produce but the total amount procured, for domestic consumption and for

expart may well exceed 10%Z of the quantity sold by the farmers.

In conversations with farmers it was found that the floor price

does not always hold. Because of administrative delays, palay with high

percentage of moisture, and inability to reach NGA buying stations farmers

were forced to sell theilr palay for 100 and even B.95 per kilogram when

the official floor price was B1.10 per kilogram palay. One would expsct that

when farmers get the floor price (#1.10/kg.) the consumers would pay less

than the ceiling price (®2.10/kg.). But, as a matter of fact, which NGA

officials do not deny, the farmers get the floor price and the consumers
do pay the ceiling price.

{(More on these issues can be found in the next

section.)

Another shortcoming in determining the floor price with respect
to the farmers' profit only is the inability to incorporate the implicatiocns

on other objectives of the government like self-sufficiency, price stability,

T T I ST e
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etc. In addition, the uncertainty effects,which are very common in any agri-

cultural system and especially in the Philippines, are not taken into con-

slderation when the price policy is made.

NGA deals with all grains produced in and imported into the country.
The most important, however, are rice, corn and wheat .

Besides procurement and distribution, NGA also aids in programs
involving:

1) Corporate farming

2) Pastharvest facilities
3) Industry regulation

4) Research

5) Extension services

(See Chart 1.)

Since its establishment in 1972 NGA has contributed gignifi-

cantly to the grain industry of the Philippines. During that period the

country has reached a stage in which self-sufficiency in food supply is not

anymore an unattainable goal. Due to research, introduction of new technolo-

gles and extension services the yields per hectare have continuously increased.
In a span of six years NGA has diversified from mere marketing to
the vast areas of grains infrastructure, corporate farming, industry regula-

-
tions, research, extension services and even conservation. Wheat and feed-

SO A A

grain, never before handled by its predecessors, are now within the opera-

T

tional scope of NGA.

RGNS

Nevertheless, the role of NGA is not yet over. Farmers' income is

still far below the average. With the fast growing population there is a meed £

for rore and faster introduction of modern technologies in production, stering

and milling, to keep in pace with the growing damand.
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2. MODEL FOR GOVERNMENT INTERVENTION IN THE GRAINS INDUSTRY

2.1 Introduction

In the following two sections, we develop two models. The first is

for the government involvement in the grains industry. This is a comprehen-

sive but general model. The objectives and the options of the governnment

as well as the uncertainties and the dynamic aspects of the system are out-

- . aan S R
A A R AR

lined. There is not, however, a detailed description of the system at

that stage. The second model is a representation of NGA's objectives

and alternatives. This model is a significantly simplified version of

the first model. It is much more detailed, however, and the full specifica-

tion is given.

The appreoach taken in this chapter, and in this work as a

whole, is similar to that mentioned by Little. "The best approach is to

lead the poientizl user through a sequence of models of increasing scope
g 4 P

and compléxity.... Often a user, having a simple model, will start to ask
for just the additional considerations found in the advanced models.”

A similar approach is suggested by Hammond. "It is far better to get a
simple version of a model up and runniang as sbon as possible, use it for
a while, and then expand ir on the base of enhanced understanding. A
certain self-restraint is advisable In such expansions, since the tendency

is to err in the direction of too much machinery and detail.' Timmer in

a Methodological Introduction to the Political Econnmy of Rice in Aszia

[Timmer, 19752] claims that, "while economists were busy meisuring dzmand
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and supply elasticities in a csteris paribus world, the astonishing
variation in natiounal "rules of the game" and the frequency with which
these rules changed ware ignored or went unnoticad. The result was a
myopic blend of technical sophistication with an air of unreality that
politicians often (rightly) rejected.”

Following this approach we were willing to sacrifice a full
representation of all factors taking part inm the grains industry and to
compromise on the accuracy of the data used for making the model more

implementable and understandable to its users.

2.2 Model for Decision Making in the Government Level

2.2.1 Introducticn

In this chapter we do not distinguish between different govern—
ment agencies involved in the grains industry eof the Philippines. We
rather wview the govermmeat as the sole body which has some control over

the industry.

2.2.2 Objectives .
By its grains policy the government wishes to achieve the
following objectives:l

1. Sustained food production programs to meet the demand
of the fast-growing population.

2. Uplifting the productivity and per capita income of
grain farmers,

3. Stabilizaticn of the consumers' price of graias for
the benefit of the low-income group.

1 sy ; : . -
Based on goveroment publications and interviews with government
cfficials,
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4. Product and by-product development both for local con-
sumption and for the export market, thereby gsnerace
employment and earn more foreign exchange.

3. Decrease government expenditures with regard to support-
ing the grains industry.

Similar objectives, although named differently, are proposed
by Mangahas [1975]. These objectives ara: political stability,
consuzers' welfare, farm income, anti-inflation and self-sufficiency.
Timmer outlines eight broad areas of objectives that Asian countries
have pursued with their rice policies [Timmer, 1975]. These are:

1. welfare protection for consumers,

2. income generation for farmers,

3. generation of government revenue,

4. generation of foreign exchange,

5. reduced reliance on uncertain foreign markets for

the basic foodstuff (seli-sufficiency},

6. price stability (both inter- and intra-seasonally),

7. regional development (and equity}, and

8. provision of adequate nutrition.
Most of these objectives are found alse In [Apiraksirikul and Barker,
1977] and [Herdt and Lacsina, 1976]}.

Since some of these objectives conflict with others it is impos-
sible to suggest a policy which would optimize each of the objectives and
by that the system as a whoele. It 1s necessary, therefore, to copétruct
an objective function which will incorporate the performance in each of
the objectives and the propar weights to be associated witnh them.

The following six objectives were chosen to refl-.ct the most
important issues confronted by the governmzat with regard to grains policy:

1. Increasing farmers' incone

2. Increasing consumers' welfare

3. Selfw-sufiiciency in food production
4. Price stability

5. Increase ganeration of foreizn exchange
6. Decrease goveromeni expendirtures

B -
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2.2.3 Alternatives and Options of the Covernpent

A variety of optioas is open for the government for promoting
its objectives, Among these azre those which improve the infrastructure
for the agricultural system as a whele like development of the transpor-
tation and communication natworks, naticnal developmant of irrigation
systems, land reform and more.

More specifically, for the grain industrty the government has
the following alternatives:

1. Price policy — floor price and ceiling price
2. Subsidizing fertilizers
3. Irrigation systems in graln areas
4. Extension services
5. Crop insurance
6. Subsidizing farm ejuipment
7. Farm credit
8. Research promotion
9. Rationing
10. Storage

11. Imperts and exports

Mangahas [1975) lists some rice policies and their effects on

the government objectives., See Table 1.

Objectives

Political Consumer  Farm Anti- Self~
Policy Stability Welfare  Income inflatien sufficiency
Floor price + - + - +
Farm credit + + + - +
Fertilizer subsidy + + + + +
Farm equipment subsidy + + + + +
Extension + + + + +
Imports + + - +* -
Ceiling price - - + - +
Rationing - + + - + -
Land transfer + + + +

Table 1 - Effects of Rice Policies on Covernment
Objectives in the Philippinas
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The policy tools open for the government are not just these eleven

meationed above. In each policy the government has to decide on the

level at which to operate. For most alternatives there is a continuous

range in which to choose the optimal level. In addition, the optimal

policy to be taken by the goverpment is not just the collection of all
"optimal' levels in each alternative but rather the optimal combination

of all levels of operation in the different options.

2.2.4 Uncertainties

Uncertainty is one of the main. features of agricultural

comnodity systems. Weather conditions, pests and diseases cause high

fluctuations in the quantity produced. Uncertainty in the grain industry

of the Philippines is even greater than most other crops and most other

countries.

2.2.4.1 QNature Conditions

Weather conditions, pests and diseases are the basic source

of uncertainty in the production of grains in the Philippines. Typhoons,

floods and droughts are common phenomena in the Philippines. It was

shown [Alix, Kunkel and Gonzales, 1978] that the occurrence of a severe

typhoon and drought causes production to decline by 8% and 14%, respectively.

If both typhoons and droughts occur in the same year a 227 decline in

production can be expected.
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2.2.4.2 Farmers Response to Covermaent Policy

Another random variable on the production side is the amount of
rasponse by farmers to government policies. Although some research was

done in the area of price elasticity of the supply of rice and corn
[Mangahas, Recto and Ruttan, 1966] and [Sison and Hayami, 1977], most

of the results were not statistically significant and examined only a

few areas of farmers response to government policies.

2.2.4.3 pemand

The demand for grains in the Philippines is also a random

variable. Some government officials and economists claim that the

quantity consumed per capita is fixed. Their explanation is that whan

there are changzes in the prices of grains the consumers change the quality

of food grains thay buy rather than the quantity. This is true, they

claim, not only for the aggregate grains but also for each commedity

separately. The evidences from the economic research, however, do pot

support this argument. Different researchers show that the price

elasticity of the demand for food grains in the Philippines is rather

negative. [Nasol, 1971}, [Apiraksirikul, 1972], [Mears, 1973],, {Te, 1578].

Since different results wera obtained by different reseaxchers it has

been necessary to assign a subjective probability distritution over

different demand fuactiocas.

2.2.4.4 The World “arket Price

Decisiocns on expert, import and storage should depend, among

other variables, on the grice of grainms in the world marker, in the
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following season. These prices are not known with certainty. A
probability distribution, has, therefore, te be assigned over this
variable. This distribution will depend on time series analysis as well
as on updated information about weather conditions, pests and diseases

in the grains producing countries.

2.2.4.5 Prices

The prices of grains to the producers and consumers are also
uncertain. We do not have, however, to evaluate a probability distribution
over the prices since it is determined by the intersection of the supply
and the demand curves. Thus, if, for example, there is a probability

(Pl) that the supply curve is $§, and a probability (Pz) that the demand

A
is DB, then there is a probability of Pl % P2 (joint probability) that

the price would be Pab (see Figure 1).

P Quantity Supplied

Figure 1 - Demand, Supply and Price Relatiensnip

A
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2.2.5 Horizon Flin and the Dyonsaniles of the Systen

We distinguish between two cycles of productica per year.

These are the wet scmaster and the dry semaster. (This i true mainly
for rice, but can be assumed for grains in general.) Scme of the
government decisions can be changed each semester. These are the minimum
and maximum price, imports, exports, and storage decisions, and

subsidies to imputs. Other altermatives, howaver, require a longer
period for planning and executing. These are construction of irrigation
systems, research and extension service programs, and crop insuraﬁce and
farm credit policies.

Some of the objectives, on the other hand, have short-run
implications (price stability) while othiers have long-run implications
{focod sufficiency).

The horizon-plan of the model should, therefore, be long
enough to account for those implications which occur some years after
a certain alternative is chosen. In addition the model has to reprssent
the dynamic properties of the system. We shall distinguish between
three types of dynamic influences: stock variables, constraiats and
learning.

Stock variables ave those variables, the level of which at
the end cf paricd £ has an Impact on the decision made at peried ttl,
For example, the quantity of grains in storage at the and of a certzin
year would influence the decisioas to be made with regard to promoting

the production in the following year.
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Some decisions in a certain year may impose some constrainrs

on the decisions in the follewing years. These decisions may result in

some stock variables like storage capacity or stock of irrigation systems.

They may result also in some political constraints. If, for example,

because of political pressure, the government '"feels" that it caannot
increase the price to the consumers by wore than 10% per year, it might
decide to increase the price in a certain year by 8% and in the following
by another 8Z, even If it finds that the best policy could have been not

to increase the price at that certaio year and 1f necessary to increase

the price by 17% in the following year.
The third dynamic property is the effect of learning along

the horizon plan. Since the parameters of most variables are uncertain,

the government can learn from the results at the end of each cycle.

The future implicatioun of this learning can be taken into account at

the time when the decisions are made. (See [Pratt, Raiffa and Schlaifer,

1965} and {Rausser, 1978)] for an explanation on the Preposterior An.lysis

and Active Learning, respectively.)

2,2.6 Summary of the Government Mcdel

When viawing the Philippimes government involvement in the
grains industry we identify the following characteristics:

a. Main objectives

1. increased farm income
increased consumar welfare
gself-sufficiency in food production
price stability

improvenent of balance of payments
decrease in govermment expenditures

-
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% b. Available policies

% L. price policy

% 2. subsidies to inputs: fertilizers, pesticides, credit
g 3. developzmsnt of irrigaticn asystems

g 4., extension services

g 5. 7research

% 6. crop insurance

2 7. import and export

% 8. buffer stock storage

et

& ¢. Uncertainties

% 1. nature conditions

% 2. farmers' response to govarnmant policies

B 3. demand for grains

- 4, world market price for grains

:

- The decision tree in Figure 2 summarizes the above characreristics.
<

%

World

Nature Farwers Demand FPrices
Conditions Response ///////
N +l <,
LIS

N

Figure 2 - Decision Trez for Goverrnment Activitias in
the CGrains Induscry of the Philippines
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< Remarks:
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? 1. The performance measures of the government's objectives

' are measured and evaluated at the end of each cycle.

E 2. Sipnce the productica of grains is, more or less, continuous

along the cycle, the order of the Demand - Decision -
World Prices is not very accurate. Import, export and
storage decisions are mada partially after the world price
for grains is known and before some demand is known.
Certainly the decision regarding imports, exports, and
storage in cycle t are made before the world price and

the demand of cycle t+l are known.

3. In addition to the six alternatives described at the
beginning of the tree we have to consider all the possible
combinations of these policies under some budget or

P . .
z managerial constraints.
% ) 4. All the probability distributions shown in the tree have

only three-point discrete probability functions. These,
may, of course, be extendad to more polints and even a
continuous density function given the functional relarion-

s ships between the random variable and othaer variables, the
performance measures, for example, are koown.

5. B8ince the performance measures are evaluated at the end
of each cycle it is not at all a simple task to construct
an appropriate objective function that would account for
tne different weights of the different objectives and at
different periods.

R

6. Note that there are no explicit requirewmsnt constraints

in the model. One possible requirement could be that at
% least 80X (for example) of the total consumption of. grains
would comez from the domsstic production. The problem wich
such constraints is that we do not allow for any trade-offs
between this requirement and other requivements at the
level of the constraint. Thus, for the example given above,
79% of self produyction would never be acceptable even if
this would drive all other objectives to sume extremzly
desirable levels. 3y using the multi-atoribute utility
function as an objective function we can overcome this
problea by assigaing a very lew preference to ths 807
self production but a high preference to the combinaticn
with the desired levels of the other objectives.
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Mangahas [1975] outlines the follewing constraints on any
policy taken by the govermment: peace and crder, production parameters,
demand parawsters, tha supply of foreign assistance, the marketing
system, foreign supply of fercilizers, gov&rnmanf administrative
capacity, the government budget, the welfare of organized political and
economic groups, and the welfare of the civil service. All these
constraints can be taken care of by the probability distributions assigned
to the random variables like production and demand {(a zero probability
would be assigned to production and demand which are cut of the capacity

or reasonability bounds), and by the functional form and weights of the

utilicy function.

2.2.7 Problems and Difficulties in the Government Model

Practically and theoretically the government model is too
complicated, The following problems and difficulties arise in its

specification and implementation.

2,2.7.1 The Commodity

In the government model we treated all grains as one commodity.

-

Not only that the characteristics of the preoduction, processing, marketing

and consumption are different for rice, cora and wheat, they also differ

]

for different varieties and grades of a

=kl
i

rt

ain grain crrp. In addition

0

there are ianter-relationships between the different crops. These are the
cross~elasticities of the demand and supply and the ceowmpetition on the

consuner's purchasin

1]

power and on the preduction means. The governmant

o T

e
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should npot necessarily take the same policy in dealing with different
cerops. Thus, it may choose to promote the research on rice preduction
but not of corn. This increases significantly the number of the
alternatives to be axamined to a level which is far beyond a reasonable

analysis.

2.2.7.2 Number of Alternatives

"Even if we consider only one crop the number of possible
alternatives is enormous. The alternatives outlined in the government
model are not Yes-No alternatives. For each alternative there is a
continuous range of possible levels to be chosen. Thus the range of all

possible combinations of the different alternatives is infianite.

2.2.7.3 Objective Function

Because of the significant role uncertainty and risk play in
the agricultural industry these factors have to be incorporated in the
objective funcrion. With the different objectives of the government,
the appropriate objective function is the expected value of a multi-~
attribute utility functiocn. Since, in the government model, we evaluate
the performance measure at the end of each cycle along the horizon plan
it is necessary to take into account the time factor. Two problems arise
in this respect. First, the number of objectives is multiplied by the
number of cycles. Thus, if, for example, the horizon plan 1Is three
years (six cycles) and there are six objectives, the total number of

the attributes would b2 36. The second problem, which is related to the

e
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filrst, is that within the frapework of multi-attribute utility analysis

T

-
R

R RS

it is not a simple task to consider the time factor. Digcounting of

future values, a common technique in dealing with a suream of cash flows

can be used only under certain independence relationships (see [Mever,

19761).

2.2,7.4 Applicability for NGA

NCGA is ouly one of saveral agencies who are involved in the

grains industry of the Philippines. Most of the alternatives menticned

AERERIRREES

S,
i

4

in the government model are not under ¥GA's authoricy.

Cnly price peclicy,

import and export, and storage policy are under its control. Since this
work is aimed to assist NCA in making decisions we shall assume that

all other decisicns made by the other government agencies are known to

NCA and are usad as inpucs in the decision making process.

2.2.7.5 Horizon Plan and Dynamics of the Model

The issue of short-run vs, long-run policies is well summarizea
in Timmer's article - The Political Economy of Rice in Asgia: LlLessons
and Implications [Timmer, 1975b]. "Policy makers live forever in any
short run. Even if they percelve the long-run possibilities, the& must
react to short-run realities. But scme short-run policies have morve

favorable long-run implicaticns, and the secret of success is to search

these out."
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3. MODEL TOR PRICE POLICY FOR RICE IN THE PHILIPPINES

3.1 Introduction

In this section we develop a model for decision making on price
policy for rice to be dimplemented and used by the NGA. Because of the diffi-
culties in the government mode]l, described in Section 3.2.7, the model has
been simplified so it would fit NGA's needs, objectives and responsibilities,
and be manageable by NGA's officials. This model deals only with rice rather
than all grains and only with part of NGA's activities rather than all possible
interventions by the govermment. The model developed here is not only directly
useful but can also be regarded as an initial version of a more comprehenaive
representation.

We have chosen to work with rice only. It represents 807 of the
graing consumed in the Philippines. The relationships between the produc-
tion and consumption of rice and other grains, namely, the cross elasticities
of supply and demand were only partially investigated, and most of the find-
ings were statistically insignificant. (See [Mangahas, Recto and Ruttan,
1965], [Sison and Hayami, 1977]). Incorporation of rhese vague relation-
ships would not improve the model significantly and also would unnecessarily
complicate the analysis. For the same reasons, the horizon plan of the model

is one cycle of rice production, namely, one semester. The application and

B R S AR P
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analyvsis of the model were done for the wet cycle in which almest two-thirds
of the rice is produced in hoth irrigated and ponirrigated farms. Some minor
changes in the model will be necessary to adjust it for the dry season.

The problem this model is designed for is: What should be the price
policy for rice which would maximize the "total rice welfare" in the
Philippines.

3.2 Objectives

The "total rice welfare" is quite a fuzzy objective. It consists
of the welfare of all the participants in the rice system, namely, consumers,
producers, the government, Iintermediaries, input suppliers and others. Fol-
lowing are the chjectives, a combination of which was chosen to represent

the "total rice welfare" of the Philippines.

1) Increased income of farmers
2y Self-sufficiency of rice production
3) Increased consumers' welfare
4) Decrease price variabilicy
5) Decrease government expenditures .
These Iive objectives are only a subset of the list appearing in
2.2.2. They were selected by NGA's cfficials as their most important objectives.
The objective of improving the balance of pavyments via price pollcy
for rice was regarded by NCA officials as less important and, therefors, was
excluded from the model. To measure performance and to determine the
optimal policy with regard to how much rice should be stored or exported,
released fronm sterage or imported, it was necegsary to construct a com—

plicated model for reserve stock policy.

R S B,
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Figure 1

Price Policy Alternatives of NGA
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Krishna [1967] argues: "It is true that input price subsidiza-
tion avoids an immediate increase in foed and raw material prices, but
this will not prevent a long-run steep lncrease in their prices if inpug
subsidization does neot succeed in stepping up agricultural output at
the same rate as price guarantees would. Input subsidization may seen
cheaper than product price support in the shert run, but product price
support may prove cheaper in the long ron.

The horizon plan of a model does usually reflesct the period at
which the performance is evalyated, If the horizon plan is longer than
one cycle the model should specify the relationships between the different
cycles, These relationships are the dvunawic characterlstics of the systemn.

In the govermment model, these dynamic characteristics are
quite difficult to be measured, The impact of some stock variables like
the guantity of graias in storage or the total irrigated land can be
quantified and incorporated in the model. The impact of the dynazice
political constraints and the learning effects, however, is not easily

quantified.

LRI




This area is currently under research conducted In the Internarional
Rice Research Institute (IRRI) in the Philippines, [Te, 1978}. The results of
this research, when completed, could be introduced into our framewors with the
additional objectives. Another reason for excluding this objective which was
regarded by NGA officials as less important was to improve our assessment of
the multiatcribute utilicy functiOn; Since the concepts of utility analvs's
are not very familiar to the NGA's officials we felt it was necessarv cto Limit
the number of attributes and by this to decrease the difficulties faced when
determining the independence relationships between the different attributres)
and when presenting the analvsis te the users.

3.3 The Alternatives of NGA

The price policy for rice consists of determining the floor
price to the producers, P; (P/Kg palay); ceiling price to the consumers,
?: (¥/Kg rice); and reserve stock policy. We shall evaluate only the
different alternatives of floor and ceiling price. It will be assumed
that if the market clearing price, Pe, is above the ceiling price, the
government would import the gquantity necessary to drive the price down
to the ceiling price. If the market clearing price is below the floor
price, the government would export rice to drive the price up to the
floor price. The current floor price to the producer (P;) is 1.10 BF/Kg

*
of palay, and the ceiling price to the consumers (Py) is 2.10 B/Kg of

rice.

Three different levels of floor price to the farmers (1.09, 1,17
and 1.20 ¥/Kg palay) and eight different levels of cailing priece 'O the con-

sumers (1.70, 1.9G. 2.10. 2.30, 2.5%, 2,76, 2.90 and 3.10 P/Kg rice) will bhe

¥1

evaluated., In addition, we shall evaluate the "free market"” policy, namelv,

£

no floor ereceiling price. The total nurbsr of alternatives to be svaluvared

{s, therefore, -& + 1 = 25, {See Iigure 1.)




3.4 Uncertainties

3.4.1 Supply

The tcotal quantity supplied by the farmers is the total quantity
produced less household consumption of farmers

— o~

Qg Qp - Qf' (3'1)

Tt is assumed that the quantity consumed by the farmers is fixed
irrespective of the price for rice. This is based on [Toquero, et al,
1975] and [Barker and Hayami, 1976].

The quantity produced is a function of the nature conditions, the
amount of hectares devoted to rice and the amount of inputs {fertilizers,

labor, etc.) per hectare,

Q= F (N, T, 1) (3.2)

!

Qp is the quantity produced

N 1is the nature conditions

e

Lr is the total land deveoted to rice

ot

Ir is the level of inputs deveted to rice

The amonnt of land and inputs devoted to rice depends, among other

variables, on the floor price of palay to the farmers. Before the intro-

duction of the High Yielding Varieties (HYV) the farmer's response to changes

in price were mostly attributed ro changes in the land devoted to rice [Mangahas,
Recto and Ruttan]., In the recent years, however, it was found {3ison and

Hayami] that: (a) "The response of rice area to price declined as cultivation
frontiers were pushed Into marginal area... and {b) the response of rice yield
per hectare to price increased owing to the introduction of new rice technology
and the development of irrigation systems which heavily influenced the applica-

¢

tion of fertilizer and relared inputs in response to changes in the price of

rice relative to the price of those Inputs.”
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Table 1

Subjective Probability Distributlons of Nature Conditions

Person ' Good Moderare Bad
1 .25 .5 .25
2 3 A 3
3 .16 .5 .34
4 .2 .5 .3
5 .25 .5 .25
6 .25 .5 .25
7 .2 .5 .3

The probabilities do not differ very much from interviewee to another.
The average probablilities are P(G) = .23, P(M) = .49, P(B) = .28. Therefore,
for the simplicity of the analysis and the presentation of the model we have

chosen the follewing probability distribution:

Godd nature conditions P = .2
Moderate nature conditions P= 5
Bad nature conditions P=.3

The 107 below and above the normal producticn for Bad and Good years,
respectively, are based on interviews with the staffs of the Departments of
Agricultural Econmomics in IRRI and UPLB. The figures in Table 2, which are
bhased on hard data rather than subjective, also confirm the suggested range of
+ 10%.

Alix, Kunkel and Conzales [1978] have found that the impact of advarse
weather conditions on nonirrigated palay was 507 higher than the average and on

w4

irrigared farms about 50% less that the average. Thus, we shall assume thar in

a good year Irrigated and nonirrigated yields would be 1057 and 115% -f the

folrd '

average, respectively, and in a bad vear 957 and 35% of the average, respectivelv.




~61-

Another measure for the distribution of nature conditions can be
supplied by the historic variation of the average vield per hectara. Since
the changes in the average yleld are due not just to nature conditions but also
to technological change, the average yields will be adjusted by the trend over
the period examined,

Two trend analyses were done over the period 1956-1975, 1In the first,
the average growth rate of yield was calculated for five 15-year periods. The
average of these five rates was taken as the average growth rate of yields over

the 20-year periocd.

where Yt is the average yield in year t. The actual yields (Yt) were then
inflated by the appropriate power of I. Thus,

1 1975-t
Yt = Yt'I
where Yé are the adjusted ylelds.
The adjusted yields were divided by thelr mean to give the measure
of nature conditions (Ni)
1 1,51
N = Y /YL
The second trend analysis was dcne by fitting a regression line. Then
the computed values (?t) were calculated. The measure for nature conditions
(§t) was the ratio between the actual yield (Yt) and the computad yleld.
A a
N =Y /Y _.
t t t
The regression line was found to be

Y = 1054 + 30+ (t~-1956)

See Table 2  f{or the resulrs of the analyses.
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Table 2

Average Palay Yields in the Philippines:
., Trand and Variation, 1956-1975

Year Y, (*3/hec.) _E;M jé .EE ﬁt
1956 1,194 1,832 112 1,054 113
1957 1,209 1,814 110 1,084 111
; 1958 1,016 1,490 91 1,114 91
é 1959 1,107 1,588 97 1,144 97
é 1960 1,131 1,586 97 1,174 96
: 1961 1,158 1,588 97 1,204 96
1962 1,230 1,649 100 1,234 100
1963 1,255 1,645 100 1,264 99
1964 1,245 1,594 97 1,294 96
1965 1,248 1,564 95 1,324 94
1966 1,310 1,605 98 1,354 97
1967 1,322 1,583 96 1,384 95
1968 1,380 1,616 98 1,414 98
1969 1,334 1,527 93 1,444° 92
1970 1,681 1,882 115 1,474 114
1971 1,716 1,878 114 1,504 114
1972 1,571 1,681 102 1,534 102
1973 1,419 1,484 90 1,564 91
1974 1,627 1,664 101 1,594 102
1975 1,599 1,599 97 1,624 98
Average 1,643 109 1,339 9.

Source {(to Y ): Philippine Statistical Yearbock, 1977,

e
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We see that the two measures of nature conditions are very similar
. 1 A
to each other. If we divide the indices (Nc and Nt) into three groups:

].)(Nt 2 104; 2) 1032 N, 2 97; and 3) N < 96, we get the following frequencies:

t—t«
o = 7
F(N_ 2 104) = 4 or P (N 2 104) = .2
F(103z N_3» 97) = 11 or P (1032 N_ 297) = .55
F(N_ K 98) = 5 or P (¥ K 96) = .25

These probabilities are very similar to those calculated based on the
subjective assessments. It sheuld be noted, however, that the frequencies
above are based on an arbitrary choice of the ranges. In addition, the vields
are not influence%?i? the nature conditions and a constant technolozical change.
The policy of the government, the expectations of the farmers, availability of
‘inputs and other factors also contribute to the variations in the yilelds.
Nevertheless, it seems that the subjective probability of distribution of nature

conditions can and should be replaced by a more accurate and objective one,

3.4.1.2 Farmers' Response

We have distinguished between two types of farms: Irrigated and
Nonirrigated. 1In the irrigated farms the farmers usually grow more than one
CTIOp per year, They are less vulnerable to nature conditions and are more
pro%itable. The nonirrigated 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 marketing options. Tables 3, 4, 5, 6, and 7
in Section 1 show the differences between irrigated and nonirrigated farms
with respect to production, vields and the adoption of High Yielding Varieties.

NCA officials and Filipine agricultural econcomists have been asked to
assess the response of farmers whe grow rice in irrigated and nonirrigated farms
to different levels of floor price for palay. Their assessments are summarized

In Table 3.



X of production* 80

Proportions
givea by:

Person #1
Person fi2 .6
Person #3

Person #4

Person #5 L2

Person #6
Average

Standard Deviation

Gl

Table 3a
Distributions of
Floor ©Price of Palay =
95 100 lC5  Ave,
.2 .7 .1 .995
.2 -86
1. 1
.35 .5 .15 .99
.8 .96
1. 1
.97
.05

Farmers Response
1.00 ¥/Kg

Nenirrigated
80 90 95 100

.05 .95

3 .3 4
1.

.2 7

4 6
1.

105

Ave.

L9975

!91

. 997

.03

*% of production is relative to 100% which 1is the planned production of farmers with the
current level of minimum price which is 1.10 P/kg palay.

% of Prodcution BOD

Proportions
given by:

Person #1
Person #2
Person #3
Person #4
Person #5

Person #6

Average

Srandatd Deviation

Table 3b

Distributions of Farmers Response

.55

.05

to Floor Price of Palay =
Irrigated
100 105 110 Ave.

45 1.045

.3 2 1.035
.55 b 1.0675
.5 1.01L5

b 1.06

1.
1.037
.02

1.20 ¥/Xg

Nonirrigated

55 160 105

25 .75
6 .3
.8 .15
1 .55 35
.9 1
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Table 3¢

Distribution of Farmers Response to
Free Market (Neither Floor Nor Celling Price)

Irrigated Nonirrigated )
%z of production 95 100 105 Ave. 50 95 100 105 110 Ave,
Proportions
given by:
Person #1 05 .75 .2 1.0075 1. 1.
Person #2 .5 .3 2 .985 .6 .3 .1 .95
Person #3 | .5 A 1.015 1. 1.
Person #4 .1 .7 .2 1.005 .1 .6 .3 1.Q1
Person #5 | 1. 1,
Average 1.003 .992
Standard Deviation .01 .02

Unlike the probability distributions of the nature conditions, the distribu-
tions of the farmers' response differ significantly from one assessor to another. Some
assessors (#3, #86) belleve that most farmers do not respond o changes in the floor
price of palay. This view is also found in Castillo [1975]). Based on research by Dimaanc
and de Guzman, she proPoses that response teo price may not necessarily mean response
to price support and, therefore, the use of the latter in order to induce productivity
increases may not bring expected results. Other assessors believe that price support
does induce increases in production and one assessor (#4) even believes that some
farmers may decrease their production when th2 floor price is higher. This is’based
on the feeling that there is a group of farmers which are not profit maximizers but
rather assign quite high values to leisure time. These farmers are believed to have

some fixed level of demand for money to cover their basic needs. If they knew that

the price they would receive would be higher, they might not devote as much ressurces

(mainly labor) to their farm as if the floor price was lower. There are evidences
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that the motivation to Increase productivity depends on the farmers' needs.
Castillo [1976] found that the size of the family is a factor influencing the
motivation for increased productivity. As it is often heard: “What is the use

of working so hard when vou have only two children?”

It should be emphasized that the figures in Tables 32, 3b, and
3¢ are not probability distributions but rather the proportions by which
different groups of farmers would respond to different levels of the floor
price. For each policy we have calculated the Expected Farmers' response (E)
and its standard deviation (SD). The probability distribution for each case

was assumed to be:

% Production Probability
E~SD .25
E .5
E+SD .25

LY

This is, of course, a very arbitrary assumption, but, nevertheless,
it attempts to reflect the uncertainty around the assessments made by the NGA
officials and the other assessors with respect to the farmers' response to
different levels of the floor price.

The summary of the probability distributions of farmers' response

to be used in the analysis are shown in Table %.
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Table &4

Probability Distributions of Farmers Response
to Different Levels of Floor  Price

Irrigated Non-Irrigated
Probability .25 .5 .25 .25 .5 .25
% Production* % Production
Floor Price = 1.00 P/Kg 92 97 102 85 98 101
Floor Price = 1.10 P/Xg 100 100 100 100 100 100
Floor Price = 1.20 P/Kg 102 104 106 100 101.5 103
Free Market 9¢ 100 101 97 99 101

*
100% production is what the farmers intend to grow under the current

floor price {1.10 P/Kg). This basic figure differs for irrigated and

non~irrigated farms.

3.4.2 Demand

Findings of Mears [1973}, Nasol [1971], Apiraksirikul [1972], and
Te [1978] determine that the price elasticity of demand for rice ranges between
-.2 and -.5. These elasticiries were found under the assumption of a demand

function of the form

Uy

[

b
a-(Pm)

where 9 = quantity purchased per capita per year
Pm = price tc the consumer
b = price elasticity of demand)and

a = constant
By substituting the current quantity consumed per capita per year {(1C0 Kg) and

the current consumer price {2,210 P/¥g)} we ohtained the respective demand funec-

tions. A subjective probability discribution was assignad over the elastcicities.

This was done with the advice of the researchers of the Department of Agricul-

tural Economics of the University of the Philippines, Lo- Banscs, aad of the

R R P
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International Rice Research Institute (IRRI). Higher probabilities were assigned

to recent findings and to medial values. The elasticities to be analyzed in the

model, their respective demand functions and probabilitfes are shown in Table VI-53.
Table 5

Price Elasticities of Demand for Rice,
Demand Functions and FProbabilivies

Demand Function

Price Elasticity Exponential Linear* Probabilityv
-2 P=(116/q)"° P=12.60-.105q .3
-3 P=(125/q)>">>  P= 9.10-.07q 3
~.4 P=(135/q)%°  P= 7.10-.05q -3
-.5 P=(145/q)° P= 6.10-.04q 1

*The linear demand functions are the linear approximations of the exponential
functions at the region of the current price and quantity consumed per capitca.

Similar elasticities to these appear above, although not in probabili-
stic context were recently used by Hayami and Herdt [1977].

In order to avoid skyrocket prices for very small quantities, as a
result of an exponential demand function, and negative prices for very large
quantities, as a result of a linear demand function, it has been assumed that
the demand function is linear to the left of the current quantity gonsumad (100
Kg/Capita/year), and exponential to its right.

3.4.3 The World Market Price of Rice

The prices NGA would pay for imported rice and would receive for

exported rice are also randox variables. Since in cur model the decisions with

regard to price policy are made each semester we assume that NGA has soma prior

information on the world marker price. Thus, historical time series of the

world price are not relevant for assessing the probabilierv dist-ibution for

the short run.

P
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Based on their knowledge about the situatlon of rice and grains In

the international marker, NCGA officials provided the following probability dis-

tribution for the vyear 1978, (See Table 6.)
Table 4

Subjective Probability Distribution of World
Market Price for Rice

Price of imported rice,

CIF, $/ton Probability
250 .1
270 2
300 N
330 .2
350 ’ .2

Source: Department of Corporate Planning, NGA.

The prices in Table 6§ include the cost of the rice 1itself, sea

transportation and insurance, and transportation from the port to the warchouse.

The price that NGA would get for one ton of exporred rice (FOB) 1is, 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%.

3.4.4 The Domestic Price for Rice

The price of palay to the producers and the price of rice to the con-
sumers are also random variables. We do not have, however, to assign a proba-
bility distribution over these varilables, since they are determined by the
intersection of the demand curve and the quantity supplied, and by the margin
of the intermediaries.

3.4.4.1 The Margin of the Interrediaries

There are many evidences that the margin between the retail price and
the farm price is, more or less, constant. Castillo {1975, p. 21] says that

"the analysis of marketing margins fndicates that price changes at one level of

[P,
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the marketing system are typically reflected rather rapidly, and with little
changes in the marketing margin at other levels.” Mangahas, Recte and Ruttan
[1965, p. 67] conclude that "the most important finding is that, in most cases,
the farm-retail margin does not rise when farm price does." A similar result
is found in Years, et al., {1974, p. 254].

A regression analysis on the relationship between the deflated retail
price and the deflated farm price gave the following result:

?m = .16 + .99 ?m
WherePnzand Pp are the deflated retail and farm prices, rTespectively. The
calculated slope was significant in .001% and the intercept in only 11%. The
correlation between the deflated margin and the deflated farm price was found
to be v = -.01.

The regression analysis was based on the data in Table 7.



Table 7

Retail and Farm Price of Rice, Philippines 1961-1977

Deflated Deflated
Year CPL Retail Price Retaill Price Farm Price Farm Price*
P/kg P/kg P/kg* P/kg
1961-62 . 806 .43 .53 .38 N
1962-63 .853 .30 .59 A4 .52
1963-64 . 901 .63 70 .52 .58
196465 .975 .67 .69 51 .52
1965-66 1.000 .89 .69 .54 .54
1966-67 1.054 .89 .84 .56 .33
1967-68 1.120 .85 .76 .54 .43
1568~69 1.146 .75 .65 .57 .50
1969-70 1.169 .83 .71 .56 48
1370-71 1.337 .93 .71 .82 .61
1971-72 1.532 1.24 .81 1.02 7
1972-73 1.689 1.20 .71 i.02 .60
1973-74 1.875 1.90 1.01 1.49 .79
1974~75 2.519 1.91 .76 1.51 & .60
1375-76 2.720 1.87 .69 1.54 .57
1876~77 2.871 2.05 .71 1.62 .56

*Farm prices are converted to rice at 6l% rate of recovery.

Source: Alix, Kunkel and Conzales [1973].




Based on the above findings, namely, the retail-farm margin does not
depend on the farm price, Qe shall assume a fixed margin at the level of -
.45 P/Kg., This figure is the 1976-77 margin inflated for 1977-78 by 9% (the
average yearly increase in the CPI). This figure is alsoc consistent with the
findings of Mangahas, Recto and Ruttan {1565, p. 65] which reported an average
margin of 20%-30% of the retail price.

It should be noted that under the current floor  price to the pro-
ducers {1.10 P/Kg palay = 1.80 P/Kg rice) and the ceiling price to the consumers
(2.10 P/Xg rice) the theoretical maximum margin can be only .30 ¥/kg. There are
evidences, however, that the actual floor oprice to the farmer is under the official
floor price. If we use the reported actual price to the producszrs (1.00 P/Kg
palay = 1.64 ¥/kg rice) the actual margin will indeed be 2.10-1.64 = .46 ¥/kg
rice. Therefore, we shall hold the assumption of a fixed retzil-farm margin
of .45 P/Kg.

3.4.4.2 NGA Post-Harvest Activities

3.4.4.2.1 XNotation
In order to facilitate the analysis of the post-harvest
activiries, a summary of the notation used ig presented in Table 7a

(see, also, Figure 2),




Notation

Ge
Pe
Pi
Pm

*
Pm
Pp

*
Pp

Px

-}
ad

Tahle 7a

Summary of Notation

Varisble
Government (NGA)} expenditures
Market clearing price
Intermediaries margin
Actual price of rice to the consumer
Ceiling price of rice to the consumer
Actual price of rice to the producer
Floor price of rice to the producer
World market price for rice, CIF Manila
Actual gquantity purchased by the consumers

Quantity marketed, necessary to meet the ceiling
price to the consumers

Quantity marketed, necessary to meet the floor
price to the producers

Quantity supplied
Quantity exported (imported)

Rate of currency exchange

Measure

P/cap.
P/Kg
¥/Kg
P/Xg
P/Kg
P/Kg
P/Kg
$/Kg

Keg/fcap.

Kg/cap.

Kg/cap.
Kg/cap.
Kg/cap.

P/$



Figure 2

Price—Quantity Relationship (illustration)
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3.4.4.2.2. General NGA Policies

We shall distinguish between two possible policies of KGA:
%
a) The floor price to the producers (Pp) plus the interme-
diaries' margin (Pi) is greater or equal to the ceiling

*
price to the consumers (Pm)
® %
P +Pi>P
P — 'm

b} The floor price plus the intermediaries’ margin is lower

than the ceiling price

k *
P +Pid P
p m

In case {(a) NGA has to intervene regardless of the market behavior.

* *
We shall assume that for those policies which imply ?p + Pi 2 Pw’ NCGA will sub-

. % *
sldize the rice by the amount P_ + P1 - Pm for a kilogram consumed domestically.
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If the quantity supplied is greater (smaller) than necded to meet the ceiling
price, YGA will export (import) the surplus {(deficiency). In this case we
shall have {(see also Figure 3):
*
Pm = Pnm

*
Pp = Pp

i

* % * *_ *
Ge 4, (Pp 4 Pi - Pm) - (qs - qm)(o s r - Px - Pp - Pi)

Where Ge

#

government (NGA) expenditures per capita
*
<
1 if a, $q (CIF)
and § =

*
.8 if 9, g Gy (FOB)

Figure 3

Price~Quantity Relationships for fixed rice prices and subsidies
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As we can see in Figure 3, if the quantity supplied is 412 NGA would pay a

subsidy of BCMH for domestic rice and KDEL for the imported rice. The consumers

will pay for the imported rice the amount XMFC. If the quantity supplied is Agpo

NGA would export dgp ~ q; and other costs and revenues would be similar to those

for qsl'

Remarks:

1) A policy in which the ceiling price to the consumers (P;) is lower
than the floor price to the producers (P;) plus the margiv of the
intermediaries (Pi) actually means fixed prices at both the consumer
and farm levels along with a government subsidy.

2) All the gquantities in the above presentation are per nonrice-farming
capita. TIn order to find the total quantitilies we have to multiply the

rasults by the total mnonrice-farming population.

3) We have assumed that,if NGA exports some of the rice, it would incur the

same processing, transportation, and handling costs at the same level

as those of the private sector. Therefore, NGA would pay for oune kilo-
%

gram of exported rice the price Pp + Pi'

* *
In case (b) where Pp + P, < Pm we distinguish between three possible market

i
scenarios:
* * .
1) Pe <P and P - P, < P, (See Figure 4.)
m e i P
In that case the consumers' side is satisfied but not the producers’.

We assume that, in order to meet the floor price to the producers (P;), NGA

would export the gquantity 4z q;. The prices and expenditures would be:

A oy




*
Pp = Pp

* %*
Pm=Pp+?Pi (€ ?m) .

Ge

]

kY s k4P o~ B+
(q5-g%) (P53, =.8°0P )

Figure 4

Price-Quantity Relationships for Excess Supply
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2) Pe £ P; and Pe - Pi> P;. (See Figure 5.)
In this case, since both sides are satlsfied NGA would not intervene
in the market. The prices and expenditures would be:
Pm = Pe

Pp Pe - P1

14

Ge = 0
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Figure 3

Price~Quantity Relatlonships with Ne Post-Harvaest NGA Intervention

P
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Pe-Pi - X
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* *
3) Pe > Pm and Pe - P1 > Pp. (See Figure 6.)

In this case the producers’ side is satisfied but not the cousumers',

We assume that, in order to meet the ceiling price to the consumzrs (P;),
NGA would import the quantity q; I The actual prices and expenditures

would be:

*
Pm = Pm

* *
Pp = Pm - Pi (O Pp)

Ge = (q; - qs)'( r . Px - P:)

Figure g
Price-Quantity Relationships for Shortage in Supply
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3.4.5 Summary of Uncertainties

Probability distributions were assesed to the following random
variables:
1) Nature conditions -~ (3 possible conditions}
2) 1Irrigated farms response to price policy - (3 possible outcomes)
3) Non-irrigated farms response to price policy - (3 possible outcomes)
4) Demand function for rice - (4 possible functions)
5) World market price of rice ~ (5 possible prices)

All other random variables like the total quantity produced,
supplied, marketed or exported, the price to the producers and consumers,
and all the performance measures (to be discussed below) are assumed to be
deterministic functions of the five uncertain quantities mentioned above and
the policy variables.

At the end of the season, when the level of all uncertain quantities
is known, NGA is assumed to import or export rice, if necessary, to meet the
floor and/or ceiling price as determined by the policy it took before the
season. The uncertainty part of the decision tree is shown In Figure 7. In
spite of the many simplifications, e.g., limiting the alternatives of NGA and
regtricting the probability distributions to only 3-5 points, the resulting
decision tree consists of almost 10,000 different end points. The breakdown

of the total number of end-points iz shown below.
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Floor Celling Irrigated Non-Irrigated World

Price Price Nature Farms Farms Markat
Policy Alternatives Conditlions Response Response Demand Price Total
100? /¥g 8 3 3 3 4 5 4320
1.10#/Kg 8 3 1 1 4 5 480
1.20P/¥g 8 3 3 3 4 5 4320

Free
Market 1 3 3 3 4 3 540
Total 25 75 177 483 1932 9660 9660

Notice that for the 1.10#/Kg we have only one possible response of
irrigated and non-irrigated farms. This is because the current g¢i,4, price
was the base case upon which the probability distributions of farmers' response
to different policies were evsluated.

3.5 Performance Measures

The performance measure oy attribute associated with each relevant
objective should be quantified and measured. Thus, for example, if one of the
objectives was full employment, a possible performance measure would be the
percentage of people emploved. If another objective was to avoid inflation,
the performance measure might be the change in price index.

For some objectives there are many alternative performance masasures
that might be employed. For ezample, the performance measure for a price sta-
bility objective could be the standard devlation of the prices, the absolute
deviation of the prices from their mean, the deviation of the current price from
that of the previcus period and the like. Since some objectives may be quanti-
fied by different performance measures, 1t Is important that the analyst c¢learly
define the appropriate measure for sach attribute., The measures should be reasona-—
bly  simple and clear to thz users of the model since they must provide their
risk perceptlons teward each of the attributes (utility functions), the trade-

offs between the different attribuces (independence rezlationships), and the



importance of each attribute in the overall objective fuanction (weights). The
assessment task on each of these perceptions is sufficiently complicated with
simple performance measures and thus "sophisticated" performance measures
should be aveided wherever possible.

3.5.1 Farmers Net Income

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

income (sales) minus the variable cost (hired labor and inputs).

DT A

T LB
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M h-H -H P - h (CL, + CI,
KY c s) P J J)]

M,
3513

Rp = average net Income to farmer per cycle (F)

M, = number of farms in category j

3

1 for irrigated farms
2 for non-irrigated farms

"
Y, = yield per hectar in farm of type j (Kg/hectare)

: 3

2

2 h = average farm size = 2.5 hectars

% Hc = farm household consumption per cycle = 535Kg palay

H = farm household storage in wet cyele = 135Kg palay

"
P_ = the price of palay to the farmer (V¥/Kg)

: P
4 a”j = cost of hired labor in farm tvps i (P/hectare)
an = cost of inputs 1n farm type } (P/hectare)

Remarks:

1) Average farm size is assumed to be equal for irrigated and non-irrigated

farms.

2) Household consumption is based on average family size of 6.5 and

yearly consumpticn of 100Kg rice per capita which is equal to 164 ¥g
palay.

3) Since the wet season supplies about 5/8 of the total annual production
it is assumed that the farmers store 1/8 of their vearly cousumption

to be congumed in the dry season,

e ey e R b
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4) Hired labor is used mainly in the planting and harvesting secasons.
We shall assume that the hired labor used for planting rice will
not change as the floor price policy changes. The hired laber
used for harvesting, however, will be assumed to be proportional
to the vield per hectare. Thus, if in a2 normal year (weather wise)
and under the current floor price the cost of hired labor per

+ approximately half for planting, and

1

half for harvesting, the cost of hired labor for floor oprice

irrigated hectar is X

equals 1.20 ¥/Kg and farmer's response of 116Z, and bad nature
condirions would be:

CL = .5 (Xl + X

1 1.06 « .95) = 1.OG3SX1

L
¥or non~irrigared farms with 1.03% response to P; = 1,20 F/Kg and

good nature conditions the cost of hired labor would be:

CL, = .5 (X2 + X

) - 1.03 - 1.15) = 1.092%,

2

The figures in the above calculation were derived from the respective
unicertainty sections. The .5 is based on the fact that in a normal year about
506% of tﬁe hired labor is devoted for planting and the other 504 for the

harvesting.

{5) The cost of inputs is assumed to be proportional to the farmer's

response to the floor price.

3,5.2 Self-Sufficiency in Rice Production

The performance measure for this objective will be the percentage
of the quantity supplied out of the quantity needed to meet the average

consumption of the non-rice-farming population (100 Kg/cap/year.)




9
Fs = Y * 10¢
Where: T
Fs = measure for self-sufficiency

9 = the quantity of rice supplied per capita (Kg)

50 = guantity consumed per semester per capita (Kg)
Remark: E
{ Mj(Yj h - H-H)}.S
g = AT

Since about 5/8 of the total yearly production is produced in the

wet season, 100%Z self-sufficiency 1s defined as the quantity necessary
to meet the consumption at the wet season plus 1/8 of the yearly
consumption to be consumed inm the dry season but produced in the

wet season.

The total nen-rice farming population (Tn) is based on total population

of 44 million and .96 miiiion rice {arms with average family size of 6.5.

3.5.3 Consumers' Welfare

The common measure for consumers' welfare is the area bound by the
demand curve, price line, and price axis (see Figure 8) commonly referred to

as consumers' surplus,

P
W mj D (P) dp
P

where

wg = measure of consumer welfare

P' = reference price to the consumer

lae]
t

the price to the consuner

it

D(P) demand fuanction
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Figure 8

The Consumers' Surplus

?!

D(P)

This measure has some difficulties, namely, the inability of govern-
ment officials and economists to assign a utility function over such a theore-
tical measure. For this reason, it is important from a preference assessmant
standpoint to select a measure which is meaningful to the decisionmakers. For~
tunately, in the case of rice in the Philippines, such a measure is readily
available. In particular, for a perfectly inelastic demand, the change in con-
sumer welfare, as implied by the theorstical measure Wé,is equivalent to the change
in price. Hence, since the demand for rice in the Philippines is highly ine-

lastic, a good performance measure is

measure of consumer welfare

e
H]

s
il

price of rice to the consumer

The assessment over this performance measure will clearlv be much easier than

- T
agure W

the consumer surplus »

B Y g



3.5.4 Price Variasbiliry

The performance measure for price variability will be the absoclute

deviatlon of the consumers' price fromw the price in the previous cvcle.

v = |p_ -P |

Where

Vp = price variability measure

Pm = the price to the consumer in period ¢

The common measure for price variability is the standard deviation of
the prices. But, cnce again, we have chosen a more simple measure which is more
clear to the users of the model when assigning the utility function. In addition,
the proposed performance 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 funcclon. The penalty for large deviation,

i1f necessary, would be reflected in the urility function.

P AR e
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3,5.5 Government Fxpenditures

The performance measure for this attribute iz the total expenditure
(see Section 3.4.2.2) per capita of NGA in executing its policies. These
expenditures consist of:
a) Cost of purchasing palay from the farmers (+)
b) Cost of importing rice (+)
¢} Revenues from selling rice to consumers {(-)

d} Revenues from exporting rice {(-).

3,6 The Objective Function

Because of the uncertainties and risks involved in the rice
industry of the Philippines, and the multiple objectives of NGA, the appropriate
objective function is the expected value of a multi-attribute utility funcrion.

. . , 1
The following steps were taken in identifying the utility function:

Assessing the univariate utility functions: After an appropriate

performance measure is chosen for each objective, it is necessary to evaluate
NGA's risk perception toward different levels of the attributes. Risk percep-—

tion is assessed by determining a2 certainty equivalent for each risky prospect.

A certainty equivalent is the amount exchanged with certainty that makes the
decigionmaker Indifferent beiween this exchange and some particular risky pros-
pect. In order to determine the decisionmaker preference, we first find the
certainty equivalent (CE} for a hypothetical 50-50 lottery for two risky conse-~

quences representing the best and worst possible outcomes. The worst outcome

will be denoted by xG the best by xl 4 The i stands

i’ i

for the ith attribute and the .5 for the midvalue between 0 and 1, to reflect

, and the first CE by x

5 is found by

the 50-50 lottery for two extreme consequences. The point x

lFor theoretical background and applications of the use of mutli-attribute
utility functions, see Keeney and Raiffa (1976).



pesing the question: what would x have to be such that the decisionmaker would

be Indiffevent between x with certainty and the uncertain situation in which
there is a 50 percent chance of the best outcome and a 50 percent chance of the

.5 ;
worst outcome? After one finds x; , one can in turn find the CE for each of the

75

two 50-530 lotteries involving x;S; this yields xizs and xi , which are the CEs

.5 s : .
3 and e and xi, regpectively. At this stage we have five

2, xizS, X:S, xi75, and xi, which are the basis for approximating

0 .

betwsen X, and x,
i i
atility points, x
. s , 1

a continucus utility function.

Determining the independence relationships among the different attri-

butes and the functional form of the multi-attribute utility function: Heras

the preference structure of the decisionmsker is examined. Of particular con-
cern is whether the level of a certain attribute, say %y influences his pref-
erences ameng other attributes, say X, and Xq (preferential independence) and a
determination of whether a level of one attribute, say Xy influences the risk
the decisionmaker is willing to take toward uncertainties in the levels of other
attributes, say Xys Xqs and 29 (utility independence). Finally, multi-attribute
risk neutrality, or additive independence, must be investigated. Definitions

and examples for these independence relationships are given in part I of the
manual.

Assessing the scaling factors (weights) of each of the attributes in

the overall utility function: In this final stage, after the general functional

form of the objective function is known (from the previous two steps), the rela-
tive importance or weight of each attribute in the overall objective functiocn must

be isolated.

o i,

lFsr further elsboration on this assessment procedure, see J. R. Anderson, J. L.
Dillen, and B. Hardaker, "Agricultural Decislon Analysis," Chapter 4, and H.
Raiffa, "Decision Analysis,” Chapter 4. :




-8~

The utility function to be developed below is based on an interview with
Dr. J. D. Drilon, former Undersecretary of Agriculture and Administrator of
the Rice and Corn Administration and currently the Director of the Southeast
Asian Regional Center for Graduate Study and Research in Agriculture (SEARCA)

in Los Banos.

3.6,1 Five-Point Univariate Utility Functions

The univariate utility functions were asgsessed by using the Certainty
Equivalent to 50-530 lotteries. The summary of the five-point utility functions

is reported in Table 8.

Table 8

Five-Point Univariate Urility Functions

Attribute Utility
x0 X.ZS x'5 x.75 xl
i i i i i
x, %) 1,500 1,760 2,000 2,500 3,600
X, (%) 80 85 93 160 120
Xq (P/Kg) 4.00 3.60 3.00 2.50 1.00
%, (¥/Kg) 3.00 2.60 2.00 1.30 0.00
Remarks:
1) ¥ = Rp = average net income to the farmer
X, ® Fs = percentage of self-gufficiency in rice production
Xy = Wc = consumers' price of rice
®, = VP = change in the consumers' price.

2} When the interview with Dr. Drilen took place, decreased government
expendlitures {Ge = XS} were not censidered by NGA officials as a very
important objective. The uvtility function eof this attribute does not

- e
apnear, rhorefors ) In Takic §,



3) The values of xg and xi in Table 8 are not necessarily the worst and

the best posgsible values of x5 they only represent estimates of the
extreme outcomes., Since the decision tree had not been analyzed prior
to the interview, these figures represent the decisionmaker's estimates
of the minimum and maximum values of X - The appropriate adjustments
to these values and the univariate utility functions derived from them

are described in the following section.

3.6.2 Continvous Univariate Utility Functions

The minimum and the maximum levels of the five attributes, those estimated

in the interview and those calculated in the decision tree, are shown in Table 9.

Table 9

Estimated and Actual Minimum and Maximum Levels
of the Five Attributes of the Objective Function

Attribute Minimum Maximum

Estimated Actual Estimated Actual

xl-wFarmers' Income (P) 1,500 1,160 3,600 5,760

x2~~Self~Sufficiency (%) 80 76 120 111

x3-—Consumers' Welfare (P/Xg) 1.00 1.53 4.00 4,13

Xémerice Variability (P/Kg) 0 ¢ 3.00 2.03
X, --Government Expenditures

(P/cap) - -9 — 42




X,, and x, did not coincide with the

Since the feasibility ranges of xl, o 3

estinated ones, it was necessary toadjust the original utility functions. This
adjustment was done in the following steps:
1) Make an assumption on the form of the utility function (constant risk
averse, dacreasing risk averse, etc.).
2) Solve for the parameters of the implied utility function.
3) Computé the utility of the new extreme points.
4) Make a positive linear transformation such that the utility of the best
and the worst outcomes would be 1 and 0, respectively.
5) The transformed utility functions are the ones to be used in the multi-
attribute utility function.
Bazsed on the values from Table 8 and the assumptions made with regard to
the Government Expenditures attribute, the five univariate utility functions

were found to bhe (see Appendix A):

—.OOlZle
1.01 - 4.29e

ul(:cl)

- / -
uz(xz) 1.12 + .54 1n (x2 68)

u3(x3) = ,09 + .66 In (5 - x3)

ua(xa} .72 In (4 - 34)

1

us(xs) -4.81 + 1.28 ln (85 - XS)

where

Ui(xi) = utility function for the ith attribute, 1 = 1, 2, 3, 4, 5

Xy = level of the ¢th attribute, i =1, 2, 3, 4, 5

in = natural lcgarithm.
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3.6.3 The Multiattribute Utility Function

Based on the interview mentioned above, it was found that a multiplicative
utility function is the appropriate form to represent the preference structure

of KGA. The procedure used (see Appendix A ) was to check first for preferen-

tial independence between Xp%y and x where 1 = 2, 3, 4 and §i are all the

1

1 °F X.. In other words, we checked for and found pref-

i

couples not containing x

erential independence between X%, and XX, 3 XXy and X%, and X%, and P

thus, for example, when making preference assessment over pairs of Xy and Xy

these assessments are not influenced by the joint level of x3 and x,.

After preferential independence had been found we checked for and found
utility independence between X3 and XXX, This means that the four attributes
Xpr Xy Xg, and x, are mutually utiliry independent.

The last check with regard to the functional form of the utility function
was for additive Iindependence. It was found that additive independence does not
hold for NGA, or, in ocher-words, NGA is multiattribute risk averse. The explana-

tion for this attitude was that administrators of government and other public agen-

cies would prefer to be successful in one objective and to faill in another rather

than either succeed or fail in both. As the saying goes, "A bird in the hand is
worth two in the bush.,"

& Based on these finding the utility function was determined to be of the form
1+ ku(xl, Xys X3, xa) = [1 - kklul(xl)} « (1 - kkzuz(xz)]

« (1 - kk3u3(x3)] « {1 - kkéuA(XA)] (3.18)

where k and ki’ i=1, 2, 3, 4, are the scaling constants.
After the functicnal form had been determined, the scaling constants (ki)

were found (see Appendix A ) and k was calculated by solving

I +k=(1+ kkl}(l + kkz)(l + kks)(i + kka). (3.19)
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Based on these findings the form of the utlility function was determined

to be

u(xl, Xys Xgs x4) = 1 - [1 - .7u1(x1)} - |1 - ,Suz(xz)}

+ [1 - .6u3(x3)] + [1 ~ .5u4(x4)}. (3.20)

As mentioned above, Xg (government expenditures per capita) was not considered
as an important attribute at the time the interview took place. 1In order to complete
the utility functicn to include Xg it was assumed that the independence relation~

ship found for the four other attributes also holds for x Thus, the final form

5
of the utility function is
' = - Lt . - LTt
1+k u(xl, Xps gy Xy, xs) [1 -% klul(xl)} [1 -~k k2u2(x2)]
. - ! a U PR T )
1~k k3u3(x3)] 1 -k k4“4(x&)}

[l - k'klug(x)] (3.21)

where k' and ki, i=1, 2, 3, 4, 5, are the adjusted scaling constants and U

Uys Ugy Uy, and ug are {(3.11), (3.14), (3.15), (3.18), and (3.17), respectively.
Based on the findings on the four-attribute utility functlion and on an assump-

tion about the wvalue of k% (see Appendix A ) the variables ki and k' were calcu-

lated and the final utility function to be used in the analysis of ths decision

tree is

u(Xys ¥y, ¥qs Xy, x) =1~ [1 - .8u,(x;0] « [1 - .38u,(x,)]
« (1 - .65u3(x3)] « [1 - .52u4(xé)]

= [1 - .33u5(x5)}. (3.22)
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: 4. PRELIMINARY RESULTS

4,1 Introduction and Data

A computer program was written for solving the model (Appendix B). The

program incorporates all the specifications and assumpticons of the model and

the following data:

1. Average family size of a rice-growing farm is 6.5.2

2. Current yearly consumption of rice is 100 Kg/capita.

3. Rate of recovery from palay to rice is .61.°

4, Wet season production is 62.5% of the total year production.c

5. Intermediaries margin is ?.éS/Kg.d

6. Yield of irrigated and nonirrigated farms are 2.25 and 1.5
tons/nectare, respectively (45 and 30 cavans/hectare).c

7. Average farm size, irrigated and nonirrigated is 2.5 hectares,

8. Numbers of irrigated and nounlrrigated farms are 360,000and 600,000,
respectively (900,000 and 1,500,000 hectares).©

9. Costs of labor per irrigated and nonirrigated hectares are
400 P/h and 300 P/h, respectively.®

10. Cost of inputs per irrigated and nomirrigated hectares are
400 ?/h and 250 P/h, respectively.®

11. Current price of rice to consumers is 2.10 P/Kg.c

12. Exchange rate = P7.3 per $1.00.

Sources:

%, Hayami et al., "Anatomy of Peasant Economy: The Economic Accounts of Rural
Households in the Philippines," IRRI, Paper No. 76-25 (revised), July, 1977.

bAviguetero et al., '"Summary of 19 Economic Surveys of Food Consuzption,”
Special Studies Diwvision, Department of Agriculture, March, 1977.

‘1. E. Alix, D. E. Kunkel, and L. A. Conzales, "Analyzing Statistics cn Palay
A

Production Area, Yield, Steck Inventory and the Masageana 99 Program.'
Quezan Citv: Bureauw of Agricultural Economics.

d - ,
Section 3.4.4.1 of the model.

=]
e T R
‘1"15‘&. :E}_.!,’;J:: -

A S

L AR 3y Ao e e ot o



T R L T L L T I I R

Q6

4.2 The Optimal Policy

The expected uvtilities of the different policies, as computed by the

computer program, are given in Table 1.

Table 1

The Expected Utilities of the Varicus Policies

Ceiling Flocr price

price 1.00 I 1.10 1,20
1.70 . 93569 .85244 .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 . 96660
2,90 .95983 .96375 L96675
3.10 L95940 % .96345 .96646
Ne government intervention: ,95569,

These expected utilities can be used not only for ranking the poli-
cies but also to compare their performance in terms of the five atcributes,
Such comparisons between the alternative (floor price of PL1.20/Kg palay and
ceiling price of P2.10/Kg rice) selected on the basis of the prelininary
analysis and the current policy (¥1.10 and ¥2.10, respectively) shown in
Table 2. The difference in the expected utility of the two alternatives
zmay be translated to values of the individual performance measures. Thus,

for example, the levels of x,, x,, x,, aad X, are held fized, and the

i
IR s 4
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Comparison Between the Preliminary Selected and the Current Pollcies

TABLE 2

Selected polilcy Current policy
1.20, 2.10 1.10, 2.310 Difference
percent

Expected utility . 96678 . 95809

Value of ;2

b
X, (9 2,460 2,095 17.4
X, (percent)C 101.7 89.3 13.9
d A
X, (? per kilogram) 2,10 2.84 26.1
X, (F per kilogram)® 1.10 2.10 47.6
£
XS (¥ per capita) 11.5 39.5 70.9

aComputed for all other attributes satisfy uj (Xj) = .84, j ¢ 1.

bFarmars' income,
CSelfvsufficiency.

d

Consumer price.

eChange in consumer price,

Government expenditures,

-—[‘6.-..
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values of x5~~which yvield the respective expected utility——are computed.
Note that the expected utilicy of the selected and curvent policies were
found to be .96678 and ,95809, respectively.

Note that a small difference in the expected multiattribute utility may
imply a very large difference in the performance measures of the individuyal
attributes. The reasons are: (1) at the higher levels of the utility (as
those reported in the analysis above), the utility curve is very flat and
{2} if we hold four of the five attributes constant, all the differences in
the multiattribute utility are concentrated on the remaining attribute,
Since the univariate utilicy function at the higher levels of the utility
is also flat, it results iﬁ a large difference in the performance measire.

As Table 2 suggests, the differences between the two policies are striking
when measured with ipdividual attributes. This is due to the slepes of the
univariate utility functions over the specified range and the different

values of the scaling constants (kls) in the multiattribute utility functioa.
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Appendix A--Preference Analysis

A.1l Introduction

In this appendix we first describe the interview with Dr. J. D. Drilom which
led to the construction of the utility function of the first four attributes. In
the gecond part of the appendix, we describe the adjustments of the parameters of
the utility function to include the fifth variable and to account for the differ-
ence in the range between the estimated and actual minimum and maximum values of
the five attributes.

The five attributes in the utility function are:

Z

Y Net income of farmers (P per farmer)

it

X, = Rice sufficiency (percent)

Consumers' welfare (¥ per Kg of rice)

et
i

P4
ft

Price variability (¥ per Kg change from previous cycle)

X

. Government expenditures (P per capita)

f

A.2 The Continucus Univariate Utility
Functions of x,, %x,, x,, and x,
i ' - g

A.2.1 Utility Function for Farmers' Income (x,)

The utility function with regard to the farmers' income was assumed to
be constant risk averse, i.e., of the form

-C. X
L 151
u1(x1) = a; ble .

TS % 0 8 TS

R -
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The reason for that assumption was mainly praetical. The difference betwesn
the estimated and the calculated wvalues of the minimm income per farmer was very
significant (1,500 versus 1,160 P per farmer). Risk aversion was demonstrated as
reported in Table 8. If we assumed decreasing risk aversion, the extrapolation
of the utility function would have resulted in a very inaccurate value due to the
sharp slope of the logarithmic utility function (the appropriate one for decreas—
ing risk aversion) at the lower values of the attribute. A constant risk averse
function fitted quite well the five points and prevented the bias for the new
minimum level of the farmers' income.

Using the two extreme points (xo and xl) and the .5 utile we get:

~2,000 ¢

-1,500 ¢, -3,600 ¢
-e 1. 1/2 (-e l—e 1)

and seclving for ¢y we get ¢y = .00125.

In order to find the values of a; and bl in (3.5) we sclve

e-.OOlZS'l,SOO

._.bl

ay = {,

and

- p.e-00125°3,600 _
171

which results in bl = 7,03 and a; = 1.08.

The utility function (before transformation) is, therefore,

~,00125x1
ul(xl} = 1,08 - 7.03e (A. 1)

Substituting for x,, we get:

1

i

ul(l,léﬁ) = ~,57

b

ul(l,?OO) .24
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fi

u, (2,500) 77

It

u1(5,?60) 1.07

From ul(l,?OO) and ul(2.500) we see that (A.l) fits well the five original
points {(note that 1,700 and 2,500 were the .25 and .75 utiles, respectively).

By solving

A+ B *1.07=1

and

A+B -+ (=.57) = 0,

we get A = .35 and B = .61, The transformed utility function A + B ul(xl) is,

therefore,

-.00125K1

A.2.2  Urility Functions for Self-Suffieciency, Consumers' Welfare, and

Price Variability (xz, X s x:l

The utility functions of these attributes were assumed to be decreasingly risk

=

averse. This reflects the general assumption that the better the situation the
less risk averse is the decision-maker.

The general form of this utility function is
u(x) = a+c *» In{x - b)

for increasing utility functions and
u{x) = a + ¢ « In{b - x)

for decreasing utility functions.
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Following a similar procedure described in A.2.1 we get the folleowing

utility functions:
uz(xz) = ~1.12 + .54 - 1n(x2 - 68)
for self-sufficiency,

u3(x3) = .09 + .66 * 1n(5 - x3)

for consumers' welfare, and

ud(xé) = ,72 « In(4 - xé)
for price variability.

A.3 1Independence Relatiocnships

A.3.1 Preferential Independence (PI)

a) X.X, PI of X.X

172 374
Q. What would you prefer, S1 or 52?
(%, = P1,800 x)
X, = 100% X,
L7 xy = P3/Kg "2 7 x,
i X, = Pl/Xg X,

[}

It

¥3,600
90%
?3/Kg

Pi/xkg

(A.3)

(A.4)

(a.5)

[
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A, S2 > Sl.

Q. What would vou prefer, 83 or 54?

»

X, = P1,800
x, = 100%
Sy F 4
x3 = P2/xg
| X, = PO/Kg
A 54 ? 83.

113

x = ¥3,600
Xy = 30%
Xy = ¥2/Kg

X, = P0/Kg

Q. How did the levels of Xq and X, affect your preference?

A. As long as x4 and x, are the same in the two situations compared

1 would prefer (¥3,600, 90%Z) to (¥1,800, 100%).

X1X2 FI of x3x4

X X PI of X, %
Q. What would you prefer, S5 or 86?
X = P1,800
X, = P2/Kg
%57 X, = 907
\ %, = P1l/¥g
A. 36 ? SS.

Q. What would vyou prefer, 57 or 88?

¥1,800

"
[aad
it

¥2/Kg

110%

~
it

PO/Kg

[
i~
[}

11t

m

¥3,600

#H
(i}

= ?3/Kg

M
f

%, = 90%

¥1/Xg

= $3,600

]
§

e
i

?3/Kg

110%

ad
il

PO/Xg

>
t
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A. 38 > S?.

Q. How did the levels of Xy and X, affect your preference?
A, As long as %, and x, are the same in the two situations compared

I would prefer (¥3,600, ¥3/Kg) to (¥1,800, P2/Kg).

Conclusion: ®1%4 Pl of XoXy

) XK, PI of Ro%y

Q. What would you prefer, S9 or 310?

[ %, = ¥3,600 x; = P1,800
X, = P1/Rg x, = PO/Kg
59 ] X, = 90% SlO " x, = 0%
L Xy = ?3/Kg \ Xy = ?3/kg
A, Sg b4 Slo‘
. What would you prefer, S11 or 512?
([ x, = ¥3,600 [, = #1,800
X, = P1/Xg X, = PO/Kg
7 x, = 110 f12 7 x, = 1102
{ Xy = P2/Xg { X, = #2/Kg
A Sll > 512.

0. How did the levels of X shd X4 affect your preference?
A. As long as X, and xy are the same In the twp situations corpared
I would prefer {($3,600, ¥1/Kg) to (P1,800, PO/Kg).

Conclusion: x . x, PI of XEX

14 3°
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£.3.2 Urility Independeace (UL}

a) X UL of Ei

Q. What should x] be so that you would be indifferent between L

1 1

and 813?

$1,800, 90%, P3/Kg, P1/Kg

= = !
L, = 814 = %y, 907, ¥3/Rg, P1/Kg
. 3,600, 90%, ¥3/Kg, Pl/Kg
A, xi = P2,400.
Q. What should xz be so that you would be indiffereant between L,
?
and 814.
#1,800, 110%, P2/Kg, PO/Kg
L, = Si4 = x']:, 110%, P2/Rg, FO/Kg
.5
?3,600, 110%, ¥2/Kg, PO/Kg
A, x; = §2,400.
Q. How would different levels of (xz, X35 xﬁ) affect the level of Xy
you decide on?
A. As long as the levels of (xz, Xys xé) are the same Iin the two branches
of the lottery and the situation it is compared to, the level of %y
will be the same and determined by the levels of %, on the branches
of the lotrtery only.
Conclusions:

D Xl UI of KX g%,

2) Kis Fgs Fas and

4 8% wutually utility Indepeadeat (MUIL).

A T K %R



~106~

A.3.3 Additive Indepeundence (AI)

a) Xy Al of Xy

Q. What would you prefer, L3 or Lé?

P1,800, 100%, P2.5/Kg, Pl/Kg 1,800, 90%, ¥2.5/%g, ¥1/kg

$3,600, 90Z, ¥2.5/Rg, P1/Kg $3,600, 100%Z, P2.5/Kg, P1l/Kg

A L3 by Lg'

Conclusions:

1) x, is not additive independent of X,.

2) The utility function is of the form

4

%)= II[1+ kkiui(xi)} (A.6)

1 + kufx,x,, x.,
172 3 4 1=1

A.3.4 Scaling Constants

Q. What should xi be such that

(x], 80%, P4/kg, P3/Kg) ~ (P1,500, 120%, P4/Kg, P3/Kg)?

(The symbol " means "is indifferent to.")
A. xi = $2,500.

Conclusion: klul(Z,SOO) = k2

Q. What should xI be such that

(<), 80%, P4/Kg, PI/kg) v ($1,500, 807, F1/Kg, ¥3/kg)?

A. xz = 3,000.

Conclugion: klu1(3,030) = k3.
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Q. What should xi" be such that

(xj'', 80%, P4/Kg, ¥3/Kg) v (P1,500, 80Z, P4/Kg, PO/Kg)?

A X" = 2,500.
Conclusion: kiul(Z,SOO) = k3.
Q. What should be Pl such that

3,600, 120%Z, PL/Kg, PO/Kg

~ $3,600, 80%, ¥4,Kg, P3/Kg

(a.7)

From the five-point utility function of Xy (Table 8), we know that
ul(2,500) = ,75. By substiruting X, = 3,000 intc the continuous utility function
of X (4.2) we get ul(3,000) = .81, Thus, we get kl = 7, k2 = .5, k3 = .6, and

k4 = .5; and by solving

14k = (1+Kky)(L+ kky) (L + ki) (1 + kk,) (A.8)

we gat k = -1, Thus the utllity function for the first four attributes is

u(xl, Xys %3, xé) =1~ [(1L - .7u1{x1)] « [1 - .5u2(x2)] - [ - -6U3(K3)]

LI - L5, Gx)] (4.9)

R s R 20208 Cen 02
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A.% The Complete Ucility Function

Since a new variable (xs) was introduced and also the minimum and maxiwmum
possible values of some variables were different from the estimated omes, it was

necessary to adjust the parametevs of the utility function and its form to incor-

porate Xg.

A.4.1 Assumptions

a) The independence relationships found for the first four attributes
hold also for Xg-

b) Since x. was not considered initially as an Important attribute it

3
was assumed that the answer to the (unasked) questions, what should

xi"' be such that

(x_*;_”" 807, P4/Kg, ¥3/Xg, xg) " (Pl,SOO, 80%, P4/Kg, P3/Xg, Xg)»

is xi"' = $2,000. This figure is lower than those given for
similar questions with regard to Koy Xq, and e (2,500, 3,000,
and 2,500, respectively), and thus reflects the relative impor-
tance of the fifth attribute. A smaller value would imply
that the value of Pl spent by the government (paid by the tax-
payer) is much lower than Pl earned by farmers or saved by the
consumers; and, as a result, the optimal policy would imply an
unrezlistic trade-off between the government expenditures and

the other attributes,

B A S ——



A.4.2 The Continuous Htility Function for

Government Expenditures CgSL
As mentioned above, the utility function for government expenditures was

not evaluated In the interveaiw with Dr. Drilon. On the basis of discussion with
other NGA offfcials, the utility function of this attribute was specified as
decreasing risk averse. The degree of risk aversion was found, however, to be
lower than that for the other attributes. This is simply because government ex-—
penditures were not comsidered to be a crucial measure of performance by ¥GA
officials. It was assumed, therefore, the NGA is less risk averse with regard
to this attribute and also that the ceiling constant of this attribute in the
multi-attribute utility function <k5) is lower than those for other attributes.

The five~point utility function was estimated by using the midpoints between
the average of the .25, .5, and .75 utiles of Xys Xpy Xg and X and a linear
vtility function. This was done by the following steps:

1) The five-point utility functions of X1 X5 Xg, and x, were transformed

such that the utiles are on a percentage scale.
2) The average value of each column was computed.

3) The values of the linear utility function were recordad.
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4) The nidpoint between the averagze of Xys Ry, ¥, and Xy and the linear

function was determined.

5) The widpoint percentages were transformad to the original valuszs of Koo

Table A.1 summarizes steps (1)-(5).

Table A.1

Evaluation of the Five-Point Utility Function for CGovernment Expenditures

XG X‘25 x'5 x'75 xl
Step i i i , i i

Value [ Z tValue | 7% Value % Valua Z Value %

SR S Rty

(1) =, 1,500 [0 {1,700 | 9.5 2,000 |23.8! 2,500 | 47.6 | 3,600 |100
%, 80 |0 85 [12.5 93 |12.5] 100!s0.0! 120 {100
%, 4,010] 3.6 |13.3! 3.0133.3] 2.50s50.0! 1.0 100
%, 3.0 (o] 2.6 |13.3) 2.0(33.3] 1.3(s6.7! 6.0 {100

(2) E(2) 0 12.5 30,7 51.1 100

(3) Linear 0 25.0 50.0 75.0 100
u. F.

(4) Midpoint 0 18.6 40.4 63.0 100

(5) % 42.0° 32.5 21.4 9.8 -9.,0%

a L, .
The minimum and maxinmum values of Xg from the decision tree.

ey

Thus, using 21.4 as the xés and the logarithmic utility function, the resulting

utilitv Function Ffor government expenditures was found to be

() = =4.81 + 1.28 In (85 - x.) {4.10)

U Mg

e AT e v o,
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A.4.3 Computiasg the Scaling Constants

Based on the answers to the questions in A.3 and the continuous utility

functions {A.2), (A.3), (A.4), (A.5), and (A.10), we derived the following

set of equations:

(L+k'k] » .82)(1 + k'k) » .22) = (1 +k'k] * .35)(1 + k'kj) (A.11)
(L+k'ky » .92)(1 + k'k} » .09) = (1 +k'k] * .35)(1 + k'k)) (A.12)
(1 + k’ki - .82y = (1 + k'ki + .353(1 + k'ki) (A. 1D
(1 +k'k] » .65) = (L+k'k] + .35)(1 + k'k)) (A.14)

Lt ti 0 1yt t1 7 ty ¥

TCLH kMRy 0 L96) (L + kTR (L + kKD (L + KR A+ K'KY)

+ .31+ k'k] ¢ .35) (14 k'k) ¢ .22)(1 + k'R) ¢ .09) =

(1 +k'k] = .96)(1 + k'ky = .22)( 1+ k'k] * .09) (A. 13)
T+k = @+ kDA + E'R)DA+ K'kD A+ KD+ k'kY) (2. 16)

Equation (A.11), for example, results from the fact that
($2,500, 80%, ¥4/Kg, P3/Kg) ™ (¥1,500, 120%, P4/Kg, ¥3/Kg)

as found in section (A.3.4)., This implies that the utility of these two com—
binations is equal. By using the multiplicative utility function {A.9) and
the univariate utility functions of %y (A.2) and %, {A.3), wa zot (A.11D)
whare ul(Z,SOO) = .82, u2(80) = ,22, ul(l,SOD) = .35, and u2(120) = 1.

In equation {A.l4) the .65 stands for ul(Z,OOO) according to the asswumptiocn,
mentioned above, about the governmeant expenditures. 3By solving the set of equa-

tions (A.11-A.16) which is a nonlinear set of six equations and six unknowns, we
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derived the adjusted scaling consiants: ki = 8, k; = .53, k! = .A3, k} = .52,
A 4

o= ar ':_i_
kS .33, and k .

Thus, the final multiatcribute urility function usad in the aaalysis of

the decision tree is

i

u(xl, Xy» gz X, XS} L o= [l - ,Bul(xl)] ¢ [1 - ﬁSSuZ(xz)}
+ [L - .65113(:{3)} < f1 - .52u4(xé)] (A.17)

- [1 - .33u5(x5)]

where

= - - (a.2)
ul(xl) 1.01 - 4.29 axp( .OOlZSXI),

= - - (A.3)
uz(xz) 1.12 + .54 ln(x2 68),

il

_ ) {(A.4)
u3(x3) 09 + .66 1n(5 x3), ‘
" _ (A.3)

u&(xa) = ,72 In{4 34)’

and

= ) —X (A.10)
ui(XS) = 4.8l + 1.28 1n{85 xs).
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Appendix B--Cdmputer Program
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