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Choice of Technique by Lexicdgraphié Safety First for Peasant
Agriculture and Réswitching of Risky Techniqucs

A number of authorS’[4,5,9.12,29;37§'haVe found mean-
thvariance analysis inappropriate for agricultural settings and
 :have suggested replacing variance by the probability of falling
below some exogenous disaster level as the relevant measure
of risk, An interesecting set of au .iors {5,9,10,12,29,30]
have discussed the use of lexicographictofdering (I1*-ordering)
for models involving décision making under risk.l In this
papef I*~ordering is used to iﬁcorporafe risk into a choice
of technique model, The algorithm for solving the model turns
out to be relatively simple. Nomographs are used to give the
solution of the model for numerous risk attitudes for é
"hypothetical choice of technique/problem based on rice
production in +he Philippines.“

Lexicographic_Safety First (LSF)2 is basically chance
constrained programming (CCP) supplemented by a prescription

of what to do in case the chance constraint is violated fyr . i

1Halter & Dean !12] and Dillon [9] incorrectly define
orderings using "lexicographic utility functions." It is
imgﬁssible to define a lexicographic ordering by a real-
" valued function (see e.g., Debreu (8], pp. 72-73),

2For a previous discussion of ISF models and their
relation to Safety First literatupe, see Roumasset {30}.
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2
by all available choices, Under‘CCP,3 the objeetive.functioﬁ
is-maximized subjecf to a chance constraint of the form
Pro(m(x) < d) £ &
where m(x) is the objective function, and d and o are the
exogenously determined disaster and c:onf\:'Ldenc::eLp levels respec-
‘tively., This can also be written as

F (@) fa

-where F is the cumulative frequency distribution corresponding
to the choice variable x.‘ The first LSF model, LSFl, involves
maximizing the expected value of m(x' whenever the chance
constraint is mef and minimizing FX(E)5 when it isn't. This

can be denoted as follows: :

Tet V(x) = 1 - Max [&,F (@)

and W(x) [V(x),}u...}.

where M= E {H(X)}.é
Our hypothesis is that the lexicographic ordering of the W(x)'s

predicts the decision maker's preference ordering of the x's.7

3See €+Zsy Charnes and Cooper iéé.

45 is usually described in Safety First literature as
the acceptable probability of failure, "Confidence level"
is used here to suggest consonance with statistical inference . ¢
in conventional decision theory and that the criterion for {
choosing @ is the same as in hypothesis testing--it depends
on the consequences of error, :

152
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5Minimizing FX(H) is equivalent to Roy's Safety First

E is the expcctations operator,

7Since the model has beén designed for practical
applications, only .two dimensions of W(x) have been speci=-
fied, For an alternate use of lexicographic ordering for
decisions under uncertainty, see Encarnacion (10! .
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ISF, is the . same as LSF, except thataif involves maxi—
mizing the inverse of the cumulatlve frequency dlstrlbutlon
-1 ,
(a)) .
whenever the chance constraint is violated for 3ll available

Xo LSF2 can be denoted as follows

]

-V (x)

"W (x)

Min | g, F;l(a)j

W

{V‘(x),p,..@
where the lexicographic ordering of the W'(x)'g agaiﬁ
determines the predicted preference ordering of the x's,
Whéther LSFl or“LSF2 is more ap' ~opriate for a given
Aresearch problem depends on the nature 6f regret associated
with falling below the disaster.level, At one extreme the
disaster level is an all&or—nothing proposition where the '
pehalty of falling below that level is the same regardless of
how close the outcome is to the disaster le?el.' For situations
of this type, e:%;, where the penalty is tofal bankruptcy or o
death, LSFi seems quite fitting., At the other extreme, the
disaster level may be associated with some target suqh that
not only missing the.target is serious, but the amount by
which the target is missed is'important as wéll; In such

'casés'LSFz may be preferred, .

A Model of Choice of Technigue in the Short-Run

‘Before turnlng to problem of choice of techn;que under

~.r1sk,_we shall develop a ch01ce-of-techn1que model under

8Max1m1z1ng F l(a) is 1dent1cal to the principle intro-

duced by Kataoka flhj, .applied by Turnovsky }35{, and named
"Safety.Fixed" by Day, et.al. [7a].




certainty.
In this model the alternate techniques under consideratidn9

by a decision-maker.are represented by a technique matrix of

the form:

11 iz + * ¢ Y1n
Y21 a2 » v o Yop
. e ]
Vel Vg2 * * Yem
431 B1p ¢ ¢ o 8y,
823 8op » s ¢ 8oy
ah1 p2 ¢ ¢ ¢ By
811 Q9 ¢ ¢ o 87y
821 Qo2 ¢ ¢ o 85y
] [ ) [ ]

[ ] [ ] [ ]
%m1 ®m2 ¢ * * ®mn
. . d

where ¥i; is the amount of the ith good produced by the jth

teehnique, a4 3 is the amount of the flow input i required by

PThis is a finite analogue of Dey's(?] zono of flexible
Fesponse s . | 3
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~technique j, and alJ is the amount of the ith stock rvqulred

by the jth technique.lo Since each column vector reﬁresents a
discrete +technique with specified inputs and outputs,- there ¢
is no need to assume constant returns-to-scale,

In the short-run, choice of technique is conceived of as
pertaining to the forthcoming production period for which some
inputs (generally bath stocks and flows) are subject to fixed
constraints., The researcher has a free hand in selecting the
length of the production period and which inputs are to be
considered fixed for that period according to the particular
choice situation he is studying.,

The decision-maker is assumed to choose the technique, j,

that maximizes _—
| < ® ;:.im

#

ﬂ-’;/V/‘. 2D s = .—..-
j 321, Pi¥ij =~ 4=y °C%i%ij = A
i=1 .
subject to :
< j= ) a T 1=
aij < ki’ i=1 to h and aij < ki, i=1l tom

for j=1 to n.
The p's are per unit gross monetary and non—mongtary returns
(leaving the researcher the option of including enterprise
preferences), The c¢'s are per unit costs of the flow inputs,
monetary if purchased and opportunity if provided by the

decision making unit. The r's are rents, monetary if actually

10For example, the alw's included bags of fertilizer,
and other 1nputs entlrely consumed within the production
perlod. Stocks include irrigation pumps, human bodies and
other inputs that are not wholly consumed within the produc~
tion period,
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rented and opportunity if'ihternally provided.ll .Ei is the
amount of the ith stock available for the producfion period «
and ki is the maximum amount of the ith flow input that can
‘ er unit _ '
be used, di is/depreciation of ki' For agricultural produc-
tion, hired labor is considered a flow input, but family labor

is considered a stock, Thus if El is the stock of family

labor, dlEi is the classicallz subsistence requirement,

Choice of Technigue under Risk

Suppose that nj, for all j, is not known with certainty,
Instead due to uncertainty regarding any subset of the pi's,

's, c.

l's, and ri's; assume there is a unique frequency

¥ij
distributien ﬁgg,egcp "j which forms the basis.of the choice
- of technique decision.13

Denoting each technique by the number of its column in
the technique matrix, define %he set of techniques under con-
sideration as

TUC = {igi=1....n§.

llRepair costs resulting from the utilization of inter-
nally owned stock are included in opportunity rents (since
the decision-maker had the opportunity of saving such repair
costs by not employing the stock), Thus the extra feed
required for draft animals when they are working is subtracted
from gross receipts in arriving at nj.

lzi.e., that used by Malthus and Ricardo,

13Since the distribution enters the theory exogenously,
it would be misleading to claim generality of the theory for
uncertainty whether the distribution is considered objective
or not. Any theory of uncertainty which relaxes the simpli-
fying assumption of pure risk in a useful way must include
some discussion of the nature of uncertainty (e.g., how the
subjective probability changes as learning proceeds). The
nature of uncertainty is beyond the scope of this paper,
hence the use of "risk" in the sub~-heading,

. K.



‘ LSF, then becomes s

<
i

;=1 - Max|a, Fi(E)].ieTUC

W, = [vi,Ni,..@
where Fi and Mi are respectively the cumulative frequency
distribution function for the ith technique and the éxpected
value of T;e The predicted preference ordering of the i's
is determined by a lexicographic ordering of the Wi's. ISF,

is similarly adapted,

Algorithms for Rice Production Decision in the Philippines

The Lexicographic Safety First models seem especially
appropriate for describing the behavior of low=-income farmers
due to the stark reality of the "disaster level," . Considerable
literature has accumulated concerning the behavior of the
"subsistence farmef" [15,23,24,36,37:jwhich)explores the be-
havior of the farm household unit 4EMt is especially concernéd

with maintaining some (usually culturally defined) subsistence
gevel-of-living. While this concern is readily incorporated
into Safety First models by identifying d with the subsig-
fence level, other widely-used models of risky decision
making are not so easily adapted.uP In this section the
solutions for the Philippine farmers®' choice of technique

problem under the different Safety First criteria are

» 141n articular; conventional mean-variance analysis
{cigey Markowitz {20}) must, in the absence of normally dis-
tributed returhs, assume a quadratic utility function in order
to guarantee consistency under the Von Neumann-Morgenstern

Postulates (341,
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presented for various Qalues of @ and &, The presentation
also provides an illustrétion of the empirical application‘of
the Safety First rules including algorithms for the solutions,
Identifying‘a suitable technique matrix can be done on
“the basis of a priori consideration of technical information,
on the basis of common techniques actually practiced by
farmers, or a combination of both., For the application to
Philippine rice farming, each technique is described by a’
vector of multiple inputs and a single output. The input
requirements are fixed, but the corresponding rice yield is
assumed to be a random variable generated from a known
probability distribution. Each farm operator is assumed to
apply only one technique to his land and his decision is
assumed to be independent of past and future cropping deci-~

15

sions, In addition the returns from one hectare of a
farmer's land are assumed to be perfectly correlated with the
returns of any other hectare of his land,

Risks in agriculture can be broadly classified as yield

risk and price risk, Price risks for both inputs and outputs

15In situations where farmers plant more than one variety,
practice multiple cropping, green manuring, crop rotation,
intercropping, or any other composite practice, alternate
cropping patterns may be represented as single vectors so the
method described here is still theoretically applicable, For
purposes of the research problem involved here, it is assumed
that lowland rice fields will be planted only to rice during
the wet season, only one variety and cultivation technique
will be chosen by each farm operator, and the wet season
planting decision is independent of the dry season choice of
technique,

3
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9
are igﬁored in this paper for two reagsons

1, Price risk is generally small in comparison to

yield risk,

2, Even when there is considerable variation in rice

prices, as there has Been since the introduction of
HYV's in 1966, the high co-variance between the |
prices of different rice varieities, due to éAhigh
elasticity of substitution on the demand side,
reduces the role of price ve iability in choice of
technique,

The main sources of yield risk are weather risk, crop
damage risk, and timing risk, Weather risk includes damage
 from flooding, typhoons, drought, and the lack of a dry spell

near harvest time as well as rainfall variability. Crop
damage risk denotes the variability of yields associated with ,
the damage frém pésts, insects, and disease, Timing risk
involves losses due to not performing various tasks (e.g.,
land preparation, application of chemicals, weeding) at the
optimal times to the extent that these times are not known
with certainty,

Four profitable techniques observedvin the Bicol Region
during the wet season of 1967 are approximated in Table 1
using conventional cost budgeting techniques., The relation-
ship of Table 1 to the technique natrix is as follows,
Fertilizer, other chemicals, sccd, non-family labor, and

interest are 8150 23350 Bg50 By and ag for j = My, My, M3

J
and T, The opportunity rents for family labor, land, farm



Table 1s: Technique Choices Available to the Average Operator
of Rainfed Rice Land (per hectare): Bicol Region,

Philippines*

. IR-5
Improved Techniques

Local Varieties
Traditional Techniques

|
Ml M2 V} T
~iable Costs
L, Fertilizer 70 90 120 0
2« Other Chemicals o] 10 30 0
J. Seed | 25 25 25 20
e Non=-Family Labor 225 245 260 80
5 Interest | 30 Lo 55 6
turns
l. Average Yield 70 80 90 32
(cavong per hoectars)
2. Average Gross
Returns @ P16 1120 1280 1440 512
per cavan '
3. Variable Costs 350 | 410 490 106
Yo Average et Re- . i

ased on crossesection data for the 1967 wet season obtained by the
icol Development Planning Board and the IRRI Annual Reports, 1966-70.
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A,‘ | N 10 o .
animals, and other stocks are assumed to be zero.16 Average
net returns are the expected values of the nj's. T represents
a local variety with tfaditional techniques, Ml' M2' M3 are
all high yielding varieties (HYV's) cultivated with increasing
levels of fertilizer and other chemicals, Hypothetical proba;
bility distributions for each technique are shown in Figure
1.17 While the distributions are assumed to be normal, it
should be-noted that a false assumption of normal;ty will not
result in any predictien error of LSF so long as the mean is
correctly estimated and the eétimated standard deviation is
appropriate for the lower tail of the true distribution,

The assumptions of normality of the yield distribution,
price certainty, fixed inp&f coefficients, and price-téking
behavior by individual farmers are sufficient for normality of
the distribution of net returns (m), These distributions ares™

jﬁ(Ml)'v N(800,400)

m(My) - N(910,480)
n(MB)f4 N(1005,560)
m(T) ~ N(412,80)

-16Maximizihg ﬂj will lead to the same decision so long as

these rents are fixed costs, This is not necessarily always
the case,

- .
l’The following assumptions .were made in constructing

Table 1: Family labor is subject to a constraint such that
the opportunity costs of family labor are zero when the con-
straint is not binding and above the going agricultural wage
when it is, Total costs of draft power do not exceed fixed
costs, either because feed requirements do not depend on work
performed or because feed is obtained at zero cost from other-
wise idle fields, :




‘ Figure 1: Approximate Yield Distribtuion for Four Common

Techniques in the Bicol Region

\\ /

i

| iy

20 50 80 llO 150
M1 ~ N(70.25) ' My ~ N(80,30)
\ /, » "
20 125 160 22 27 32 37 k2

M3 ~ N(90o35) T ~ 1\1(3205)
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Written in this form fhe model is readily amenable to
solution by hand or by computer according to the following
steps:
1. Number the columns in the %echnique matrix from 1 to
n, These numbers comprise the set, TUC,
2, Compute Fi(a')18 for each i:TUC for the exogenously
specified d,19
3. List NOR based on the exogenously specified xs
b, Select the techpiquezo from NOR for which/“i is a
maximum,
5. If NOR is empty, select the technique for which
Fi(a) is minimized (LSFl) or le(a) is maximized
(ISF, ).
As an asid~, note that the difficulty of developing solu-
tion algorithms for a programming problem with non-linear

constraints is avoided by specifying F; for all i,

LSF_Nomographs

If a plotter is available, the computer can be used to

compute the optimal techniques for different combinations of

lBAt the University of Wisconsin where' the computer work
was done, subroutines are available to do this for a ‘number
of distributions including the standard normal,

l9Discussion of the derivation of d and a is included
in a later section.

2OIt.is theoretically possible that there is more than
one technique that maximizesf*i. This is unlikely to be a

practical problem, If it is, the ISF models are easily
expanded to include a third (or more) criterion as a "tie
breaker,"
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3 and @ coordinates. Contiguous regions representing d and g
combinations are then outlined, The resulting nomograph can
be used for the following pur?oses:
1. To provide the solutions for a broad range of risk
attitudés
2, To provide a sensitivity analysis for any particular
solution well within the boundaries of the nomograph
3. To prov1de the basis of an eqtlmate of the percentages
of farmers in a given reglon uslng various techniques.,

The two nomographs that follow give the solutions for

the example in Table 1 under LSFl and LSFZ.

Exogenous Specification of o and d

The choice of o, as the choice of the confidence level
in statistical decision-making in general, should depend on
consequences of érror--in this case, the’consequences of the
actual returns falling below the disaster level, For the |
lowland rice areas of the Bicol Region, the penalty for
failure is not certain death (starvation is extremely rare in
rural Bicol), but instead the discomfort of adjusting to a
lower standard of living and the loss of face associated with 3
failing to provide the socialiy defined subsistence Ievel.21 ”

For these stakes, the typical confidence level for the one-

tailed test; ,025, seems appropriate, Since the experiment

2lpor a dlscu581on of blologlcgl vs. cultural subsis-
tence levels, see Wharton |36,37].




Nomograph<ls foptimal Techniques for Rainfed Rice Iand under’LSFl“
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is to be repeated’several times (usually once é’year for as:
~long as the farm decision-makéf is the family's principle
supporter), .05 seems slightly large., (If the probability

of failure is .05 each year for 30 years, the probability of
failure at least once in 30 years is slightly over 3/4,) On
the other hand, .01 seems to be a reasonable lower bound for
the confidence level since the probability of failure at least
once in 30 years is about 1/4 for a ,C. probability of failing

22 For the 025 confidence level, the probability

22

each year,
of never failing in 30 years is .about 1/2,
The basis of d is assumed to:be minimum consumption needs
(MCN), Without specific cross-section data on levels-of-
1living in the study area, the best estimate of MCN is per

‘capita carbohydrate donsumption. For the Bicol region this
is the equivalent of 2.2 cavans of milled rice,23 or approxi-
mately 3.3 cavans of palay.zu This implies roughly a 19-28

2 . .
cavans per year s.roquirement for the typical range of family

22Less than 1/4 where the .01 confidence level is not
binding in all years.

23sec Mears [22) Table IV-4, This is even higher than “i@
the average ccereal consumption recommended by the Food and a7
Nutrition Center of approximately 2.1 cavans,

‘ 24Farm yields, including those in this paper, are usually
given in terms of palay, while consumption requirements are °
normally quoted in terms of milled rice,

25Accounting for the differences in the average age
Qomgosition of different family sizes (see Atwater's index

L3




size of five tb’tén members, In terms of the numerairn this

MCN + UD - W
A

is 300-400 pesos. Now define d as where UD, 5

urgent debts, represents the value of debts that must be paid;'
off in order that the farmer can retain his means of producing
MCN, W is the reéale value of the farm family's liquid assets,
excluding the means of producing MCN, and H is the area of rice
iénd in hectares. (While d isldefined in terms of pesos, it

is not a cash requirement in the usual sense, Indeed MCN
represents the nbn-marketed portipn of the harvest retained
for home consumption.)

Since debts incurred in the current cropping season are
subtracted in reporting net returns, MCN is a good upper limit
for d, Indeed for the majority of small farmers (those with
0-2 hectares), we would not be far off in ignoring W, For
large landowners, g is typically a)large negative numﬁer S0
that the chance constraint is never binding for profitable
rice technologies,

Summarizing this a priori evidence, we can expect d's
starting in excess of 400 (for large families with small plots

of land) becoming most frequent around 170 (for a modal farm'

e,

of 2.2 hectares and family size of 7'members)26 and becoming
less and less frequent thereafter as in Figure 2 below, The
great bulk of farmers can thus be cexpected to have disaster

levels of between 400 and -200, the range of d used in the

26USAID, Rice in the Philippines, (March 1969), draft.
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nomographs, Most of*these fall between 315 and =15, TFor them
the 1oéal variety combined with traditional techniques is the

rational choice predicted by this model,

-200 0 170 400

Figure 2: Hypothetical Frequency Distribution of

Disaster Levels, Bicol Region

Irrigated Rice Farms

How does this picture contrast with the situation on
irrigated farms? Table 2 shows the costs and returns for
four hypothetical techniques for irrigated conditions in the
Bicol Region,

The corresponding frequency distributions"of net returns
are:

m(T) - N(510,128)

(M N(960,320)

l).m
n(M2)<w N(1055,400)

n(MB) ~ N(1135,480)




Table 23 Technique Choices Available to the Average Operator
of Irrigated Rice ILand (per hectare): Bicol Region,
Philippines¥*

le Costs
Fertilizer

Other Chemicals
Seed

Non-Family ILabor

Interest

1S
Average Yield

Average Gross
Returns @ P16

Variable Costs

Average Net KRe=~

turns, m., (2-3)

J

, IR-5 Local Varieties
Improved Techniques Traditional Techniques
MI M2 M3 T
90 120 150 40
30 59 80 0
25 25 25 20

255 270 290 150
45 | 55 85 20

85 95 105 L5
1360 1520 1680 720
400 465 sls 210
960 1055 | 1135 510

1 on cross~section data for the 1967 wet season obtained by the
. Development Planning Board and the IRRI Annual Reports, 1966-70,
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The standard deviation are slightly lower under irrigated con-

;o

ditions. This reflects the‘assumptions that rainfall variation
is the largest single cause of yield variation under non-
irrigated conditions {2} and that there is a positive rela=
tionship between éash inputs and the standard deviation of
net returns,

The nomographs under LSF.l and LSF for these distribu-
tions are identical and are shown below.as Nomograph 3,

We can conclude that the widespread reluctance of rice
farmers of rainfed areas in the Philippines to adopt "modern"

‘practicesz7

is likely to be partly due to farmers unwillingness
to bear the significantly large probabilities of disaster

embodied in those techniques,

Reswitching of Risky Techniques

There is in geheral no monotonic relationship between
risk, as measured by the probability of disaster, and variance,
This can lead to a kind 6f reswitching of teohniques28 such
as in Nomograph 1, As d .ncreases at a given «, say ,025, ‘the
optimal technique changes from M3 tosz, to Ml to T, as the
chance constraints for each technique beéome binding the .
optimum moves to a less risky, and in this case, a lower

variance technique, But moving to even higher d's (above

27See €.8.y data frbm the Integrated. Agricultural Survey
conducted by BAEcon for the crop year 1970.

28A similar phenomenon to_ reswitching of risky tech-
nigues is discussed by Masson {21} in an expected-utility
maximization framework and by Kunreuther[l?}.



Nomogragh'B:i‘Optiﬁal‘fechniqués;f¢f7lffigatéd/Rice,Land’ﬁnder
1S, and ISF, ‘ At '
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300

200

Disaster Level (d)

300+
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~100
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BOQ), the higher variance techniqﬁes, M, and then MB’ reappears,
iven though the variance is higher,  the risk of disaster, at
those d's, is lower. ’

No such reswitching can occur in LSFZ. This difference
between the two models can be used as a basis for choosing one
or the other as a better explanation (or prediction) of tech-
nigues chosen in cases where the two m lels give divergent
results, For the Philippine case discussed above, if farmers
with especially low wealth positions are found to be accepting
high variance technigues more readily than farmers in the
medium wealth range but not more readily than farmers in the
high wealth range, the LSFl would secem to be preferable to
LSF,. |

Another u?shot of reswitching in LSFl is that while
techniques can be uniquely ordered by variance, they cannot
be ordered uniquelj by risk of disaster where disaster levels
differ for different farmers, This may help shed light on the
relationship between cash inputs, especially fertilizer, per
hectare and farm size which has puzzled agricultural‘
economists (1,15,18,25,26,27,33] for years, One might expect
farm size to be directly related to fertilizer inputs per
hectare because of economies-of-scale in the transportation {
of fertilizer to the farm, low cost of credit based on better
collateral, and lower aversion to risk given the higher level
“of wealth, In order for the risk aversion story to hold water,

we need to establish that increasing the use of fertilizer

increases the variance of net returns and that risk is mono-

¥




fonically increasing with varicnce, Thic first cort Lo
reosonable, but the second part is not. due to the possibility
of reswitching., This may provide part of the reason why
fertilizer inputs per hectare and farm size do not seem to be

29

consistently related empiricallyQ

Risk Premium and Certainty Equivalence .

Another implication of the LSF models is that the
traditional view of risk premium is ihappropriate for two
reasons, First fhe notion that there is some sure payment
that can induce an individual to accept a fixed level of
risk is based on the assumption of indifference curves on the
mean-variance planc, But with the definition of risk embodied
in the *LSF models and in chance constrained programming, it
is impossible to‘give a sure payment without reducing risk,
provided that risk is positive without the payment. Second,
even if we could identify a risk premium for an individual
farmer and technique, the concept would not be useful
because of reswitching. We cannot say that one technique
must command a higher premium than another. - bacause
the risk of a technique cannot be identified independently
of the farmer who employs the technique. What is risky for
one farmer may be the safest technique for another,

It is importaﬁt to be clear about this matter of risk

premium when it comes time to assess policy recommendations

29See cuge, [1,18,31,33].
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for ihcreasiné agricultural production. Agricultural econo-
mists are wont to observe thathigh-variance ventures require
- high expected rates-of-return to offset their riskiness, A
rapid acceleration in the use of fertilizer in conjunction
with the spread of HYV's has been taken as evidence of this
view.3o Fertilizer use has always been profitable, we are
told, but only since the advent of HYV's are}rates-of-return
so high as to offset the risk of reswitching to new practices,
But if our view of risk is appropriate, "offset" is the wrong
word, The HYV's Aay have increased the expected return to
using fertilizer to such an extent that it is no longer any
riskier than using traditional varieties and no fertilizer,

In any case, the increase in expected return made the
difference, so what's the quarrel? The quarrel arises in
identifying the cheapest way to induce farmers to increase
production, T@e tfaditional mean-variance approach leads us
to the conclusion that expected value is the key, that the
high variance of new techniques will be accepted if we sﬂift
the whole distribution of returns to the left by a sufficient
amount, A guaranteed per unit price subsidy is ideal for this
purpose, In the Safety-First view, however, price subsidies

are a very inefficient way of decrcasing risk., What is indi-

cated is a package of policies designed to minimize the proba-

-

3ror an introduction to the CGreen Revolution that is
resulting from the introduction of HYV's, see Cownie &
Johnston |13} and C, R, Wharton, Jr. |38}, For a descrip-
tion of the ctonventional wisdom that the new technology in
rice production requires a higher rate-of-return because it
is more risky, see Dillon & Anderson [39], The latter authors
go on to criticize the conventional wisdom, but on different
grounds than developed here,
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bility of disaster at a low cost, . Some candidates for
inclusion in such a package are: crop-insurance,31 crop

loans, emergency credit,31 and price—fioors.

Conclusions

Two models are recommended for ekplaining choice-of -
technique when risk of disaster is a main concern, The
method of solution and the LSF nomographs are illustrated
for hypothetical cases involving the choice between modern
and traditional techniques on rainfed and irrigated rice land,
An interesting feature of LSFl is the possibility of reswitch-
ing from high variance to low ?ariance and back to high
variance techniques as the disaster level gets higher, The
notion of risk premium is secn to be inappropriate under the
LSF models, The policy implication is that raising the
expected payoff vié price supports is an inefficient way of

reducing risk,

31likely to be especially effective if adopting some
minimum cultural practices (especially regarding fertilizer
applicajion) is made a prercquisite.
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I. ISF, and ISF, Interpreted by Mean-Variance Analysis

for the Normal Case

It may be instructive for those of us who have spent many
hours thinking of risk problems in terms of Marko&itz-Tobin
diagrams, to construct preference maps under LSFl and LSF2 on
mean-variance space., We proccéd with this task after two notes
of caution., First the exercise only makes sense under the
assumption that the standardized distributions of returns from
all techniques are identical., For the illustration here, this
?ondition is satisfied by assuming the distributions for all
techniques are normal. Second, we cannot draw indifference
curves of the usual sort since the preference orderings cannot
be represented by real-valued utility functions, The following
algebra is useful in cohstructing the preference maps:

‘ Pro{m.<d) €a

is written:

T -
¢~z
. i
for the normal case or
d - /s,
i -1, -
a; <& (a) ]

which can be written as:

(>3 T
My 2 d+ ko

where

= -4 @)
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In the prefererice maps shown\ below, for both ISF4 and LSF,,
the triangular regions with horizorﬂ:al lines safisfy the
chance constraint, M, 2 d + l’{'oi. Points gldhg these horizontal
Lines are not ranked by LSF; or LSF, in their present forms,
i.es, the preference ordering under LSFl and LSF2 are incom=-
ple'l:e.32 For LSFl, where the chance constraint is not met,
"lines of equal risk” are given by the equation,

@(E—gffii) = &j » i=lesen
or |

— &y
4, =
/i d+kjoi

where &j ‘is a fixed confidence level,

A - 'Jl— '
kj = =0 (aj), and 0<0,< oo

M M

32For the case under consideration here, using -0 for

the third dimensions of ISFl and I_SF2 makes the orderlng

complete, where oy EWZ 1 + p?_




The small arrows on the lines of equal risk show the direction

of risk for points'on those lines,

A
For &j = ,50, k; = 0 so the corresponding line of equal

probability of disasier is horizontal., This can be used to
suﬁdivide the area wherein the chance constraint is not ful-
filled. In the upper of the two subdivisions, for two
techniques with the same , the one with the lower ¢ is pre=-
ferreds In the lower region, the opposite is the case~-=higher
variance is désired.. The large arrows show the direction of
preference for the three regions.

The LSF2 preference map has only two regions, The upper
one is identical to that of LSFl. In the lower region the
lines of equal risk’> are parallel, all with slope K, Each

is associated with a different "endogenous disaster level,"

ag, the higher the better,

33Whlle rlsk is the probability of disaster for both
models, risk lncreases with aJ for LSFl, but for LSFz, risk

increases as dg decreases,



iI; Sensitivity to Estimated Variance

Perhaps the assumption that the standard deviation of
technique T is five cavans per hectare is too low, How would
nomograph 1 change if the estimate were raised? To answer
this question, the standard deviation for T was doubled and
the new probability distribution is assumed to be: T~ N(36,10)
in yield terms and w(T) ~ N(476,160) in terms of net returns,
This distribution pushes the limits of credibility for both
the upper and lower tails. It seems unlikely that the tradi-
tional variety would fare much more badly than the HYV's (16
cavans Vs, 20-22 cavans) under the extremely adverse conditions
associated with two standard deviations to the left of the
mean; the traditional varieties have sqme inbred resistance
to drought and other problems due to natur;l selection.s On
the other end of the distribution, N(36,10) implies a 2.5%
chance of yields in excess of 56 cavaﬁs/ﬁa. which seems too
‘high for average, unfertilized soil,

The nomograph for T .. N(476,160) and the other three
"nodern” techniques from nomograph 1 was plotted under ISFl
and is displayed below, The only change from nomograph 1 was
in the region where 275 # d < 325 where T is displaced by M,. ]
For ISF, the gsensitivity to the larger variance of T is even
less, The nomograph for ISF, (not shown) is the same as the

one shown here for @ « 250, For d < 250, & < ,08, T is

predicted by ILSF,s; and for d « 250, o > .08, M, is predicted.
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