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ABSTRACT

This paper deals with nonparametric estimation of risk preferences of producers when they face uncertainty in
production. Uncertainty is modeled in the context of production theory where producers’ maximize expected utility of
anticipated profit. A multi-stage nonparametric estimation procedure is used to estimate the production function, the
output risk function and the risk preference function. No distributional assumption is made on the random term
representing production uncertainty. No functional form is assumed on the underlying utility function. The Norwegian
salmon farming data are used for an empirical application of the proposed model. Salmon farmers are, in general, risk
averse; labor is risk decreasing while capital and feed are risk increasing. Median risk premium is about 5% of mean

profit.
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1. Introduction

Risk in production theory is mostly andyzed under (i) output price uncertainty and (ii) production
uncertainty (commonly known as production risk). Production uncertainty is quite popular in
aoplied work because it is often explaned by inputs. That is, input quantities not only determine
the volume of output produced but some of these inputs aso affect variability of output (often
labded as production risk). For example, fertilizer might be risk augmenting while labor might
decrease output risk. Here we address the implications of production risk in a framework where
producers maximize expected utility of anticipated profit. In particular, we examine input

dlocation decision in the presence of production risk.

Although the theoreticd work on risk in the production literature is quite extensve, there are
reaively fewer empiricd Sudies devoted to andyzing different sources of risk on production and
input dlocation. Mot of these dudies ether looked a output price uncertainty (Appebaum and
Ullah (1997), Kumbhakar (2002), Sandmo (1971), Chambers (1983)) or production risk adong the
Just-Pope (1978) framework (Tveterd (1999, 2000), Asche and Tveterd (1999), Kumbhakar and
Tveterd (2002), and many others). To examine producers behavior under risk some parametric
fooms of the utility function, production function and output risk function dong with gpecific
digributiona assumptions on the eror term representing risk are conddered in the exiding
literature (Love and Buccola (1991), Saha, Shumway and Talpaz (1994)). Thus, the risk studiesin
the production literature have some or dl of these features built in, viz., (i) parametric forms of the
production and risk function, (i) paameric form of the utility function, (iii) digributiond
assumption(s) on the error term(s) representing production risk and/or output price uncertainty.

This paper edimates nonparamerically the production function, the risk function and risk
preference function associated with production risk. The man advantage of the nonparametric
gpproach used here is that the results are robust to functiond form used. In a recent survey
Yatchew (1998) argues that economic theory rarely, if ever, specifies precise functiond forms for
production or risk functions. Consequently, its implications are not, drictly spesking, testable when
arbitrary parametric functiond forms are specified. To the extent tha the production or risk



functions are mispecified estimates of risk preference functions may be bhiased! By usng
nonparametric technique it is possible to esimate the risk preference function that do not depend
on specific functiond form of the underlying utility function, the production and output risk
functions. Smilaly, esimaies of producer-specific risk premium are obtained without making any
assumptions on the functiona form of the underlying utility function.

The rest of the paper is organized as follows. The production risk model is presented in Section 2.
Nonparametric estimation of the production, risk and risk preference functions are conddered in
Section 3. Section 4 describes the Norwegian sdlmon farming data used in the paper. Empirica
results are presented in Section 5. Section 6 concludes the paper with a brief summary of results.

2. A Production Risk M odel

Assume that the production technology can be represented by a Just-Pope (1978) form, viz.,
y=f(X)+g9(X)e, e~(01) (D

where y is output, X is a vector of variable inputs and f(X) is the mean output function. Since output

variance is represented by g?(X), the g(X) function is labeled as the output risk function. In this

framework aninput j issaid to berisk increasing (decreasing) if g;(X) > (<) O.

We condder the case where output and input markets are competitive and their prices are known
with certainty. The production is, however, uncertain. Assume that producers maximize expected

uility of anticipated profit € (p')) to determine optimal input quantities which in tum
determines output supply. Define anticipated profit? p° as

p® =py- rX=pf (X)- rX+pg(X)(e)° m +pg(X)e (¢)

! For an excellent review of nonparametric methods in econometrics, see Pagan and Ullah (1999).
2Wecall it anticipated (instead of actual) profit because p°in (2) is random.



where m = E(p°®) = pf (X) - rX, p being the output price and r the input price vector.

The fird-order conditions (FOCs) of expected utility of anticipated profit E(U (p° )) maximization

can be written as
E(U () pf  (X)- 1, + pg, (X) &) =0 3

where u ¢p°) is the margind utility of anticipated profit, fj(X) and g;j(X) are partia derivatives of
f(X) and g(X) functions with respect to input X;, respectively.

Rewrite the above FOCs as

fL(X)=r,/p- g,(X)a0) @
where

a0 ° % = CovU %), ©)

The &) tem in the firg-order conditions (4) is the risk preference function associated with
production risk. If producers are risk averse then € (.) < O (i.e, an increase in dincreases p° which
in turn reduces u ¢p°) dnce u §p°) < O (utility function being concave)). Smilarly, &) is
positive if producers are risk lovers and is zero for risk neutral producers. k is generdly a function
of X, p,andr.

The risk preference function &) plays an important role in input use decisons. This can eesly be
seen by expressing the FOCsin (4) as
"
f (X) :—p J. (6)

where f (1) ° 1- (p/r;)g;(x) (). If g(X) > 0O, then for risk averse producers f; > 1 which means

that producers do not equate margina product (expected) of an input to the observed price of that
input. Since the value of (expected) margind product of the input X; exceeds its price ( fi(X) > rj),



a risk averse producer will use the input less reative to a risk neutra producer (€ = 0).
Alternatively, the risk averse producer interndizes cost of the risky input by rasing its virtud
(shadow) price to rjf ;> rj. Similarly, if producer A is more risk averse than an otherwise identica
producer B (i.e, f; for A is grester than f, for B), producer A will use less of input Xj than

producer B, ceteris paribus.

3. Econometric Model and Estimation

Esimaing risk preference function q requires deriving agebrac expressons for q involving
unknown parameters and data. This is not dways possible without making some assumptions about
the functiond form of the underlying utility function and didributiond assumptions on the error
terms. Furthermore, one needs to make assumptions on the functiona forms of f(X) and g(X). All
these problems can be avoided if one uses nonparametric techniques to estimate f(X) and g(X) as

well astherisk preference function.

3.1. Estimation of f, g functionsand their partial derivatives

Suppose XJ.T R* (j =1...,n) is a vector of explanatory variables (that include both variable and

quas-fixed inputs), and y; denotes output (the dependent variable). We assume that there is a
production function of the form

y; = f(X)) +v, (7)
where f:Rr® ® R is an unspedified functiona form, and v is an error term. Our objective is to
obtain edimates of f(x) and g(x) as generd possble. So we do not consder separable
Specifications that are popular when dimengondity reductions are desred. We use the multivariate
kernd method to obtain an estimate of f (x) at a paticular point x 1 r* as follows. First, we
esimatethedensity of x (p(X))as:

Y d 4
5(X) :(Nh)_la Kh(x - Xi) = (Nh)_la O K(Zj - Zji) (8)

i=1 i=1 j=1



where K, (w) =exp( - S (w - w)B ' (w- w)) is the d - dimendond norma kemnd, n >0 is the
bandwidth parameter, k (w) =exp(-+w”) is the standard univariste norma kernd, S, is the
sample covariance matrix of x, (i =1,.,d ),

z, =A(x, - x)/1,

AéXA =1,

-

QJOZ

X =N

i=1

and | isasmoothing parameter. The optima choicesforhand | are
h=11S, ['*,
_ 4 9d+4
é@d+nNg

The unknown function is then estimated as

F(X)=(Nh)* W%(X)M ©)

i=1

where
W, (X) © K, (X - X))/ p(X)

(see Hardle (1990, pp. 33-34). The edimates are adjusted near the boundary using the procedures
discussed in Rice (1984), Hardle (1990, pp. 130-132), and Pagan and Ullah (1999, Chapter 3).

First derivativesof  (x) isobtaned from

T (X) _ eyt
o =(Nh)’ giﬂmm(X)M/ﬂX
More specificdly,
‘HF(X)/‘HXI. =-(Nh) 12& G, K, (X- X))y - f(X)a G, K, (X- X )u/ p(X) (10)
izl i=1

where



_I-zod = i
Gji_ asx(xk-xki)

k=1

and

S, =[§k j.k=1...d].

Given the egsimate of F(Xi) one can obtain the resduds g from e =y, - F(Xi). An estimate of

the variance can then be obtained from

Si(Xx)=(Nh) W, (X)e? (11)

(see Hardle (1990, p. 100), Pagan and Ullah (1999, pp. 214-215)). Since ¢(x ) =S (x), edimates
of the g(x) function and its gradient g (x ) 7fix can be obtained. Alternaivey, the ¢(x ) can be
obtained from a nonparametric regresson of || on x, in a second step. The gradient of g(x )

could then be obtained by a procedure smilar to the one used to obtain the gradient of ¢ (x) In
(10)

3.2. Egtimation of risk preference functionsand risk premium

To edimate the risk preference function g ° q(X,r/ p) werewritetherdationshipin (4) as

F(X)- r/p .

o = 1 Toz(X,r/p)+h, j=1..,m (12)

: - gj(x) :

where [h,,...,n,]¢~(0,S,) ard m£d is the number of varigble inputs. Since D; is computed

usng the estimated vaues of fj(X) and gj(X) — the error term  h, captures the discrepancy between

the true and edimaed vadues of q°q(X,r/p). Our objective is to edimae the
z (X, r / p) function that will be the estimator of the risk preference function g (.).



Equations (12) can be estimated by smple non-parametric regresson when m =1. When m >1,
the z(X,r/p) function has to be the same across equations. Moreover, for efficiency, these
equations must be estimated jointly. In this paper we use the procedure suggested by Yatchew and
Bos (1997) to estimate z (X, r / p).

To get a better understanding of the importance of risk preference and the degree of risk averson
among firms, researchers often compute risk premium (RP) defined as the amount of money that
would make a producer indifferent between uncertain profit 8° and certain profit E(8° ) — RP.
Taking a firg-order approximation of U{E(8° ) — RP} = U(is — RP) around RP = 0, and a second-
order approximation of U(&°) around is Antle (1987) and Chavas and Holt (1996) have shown that

RP = 0.5 AR(is) Var(&9), (13)

where AR is the Arrow-Pratt measure of absolute risk aversion (i.e, AR= — U (is YU (i5)). RP is
the risk premium which istheimplicit cogt of private risk taking.

Using the definition in (13), the formulafor risk premium ca be expressed as.

RP=-3a() pg(X) (14)

4. An Application to Norwegian Salmon Farming

The modd presented in the preceding sections is gpplied to Norwegian sdmon farms. Norway, the
UK and Chile are the largest producers of farmed Atlantic sdmon (Bjgnda (1990), Asche (2001)).
Sdmon farming is more risky than most other types of meat production. Biophysicad factors such
as fish diseases, sea temperatures, toxic algae, wave and wind conditions, and samon fingerling
qudity are mgjor sources of output risk.

It is believed that the effect of biophysca shocks on output risk can be influenced through the
input levels, dthough fish farmers cannot prevent such exogenous shocks. The most important
input in salmon farming is fish feed. Feed is expected to increase the level of output risk, ceteris



paribus. The sdmon cannot digest al the feed, and the residue is released into the environment as
feed waste or faeces. This aganic waste consumes oxygen, and thus competes with the salmon for
the limited oxygen available in the cages. In addition, feed waste decomposition can produce toxic
by-products, such as ammonia. Furthermore, production risk is expected to increase with the
quantity of fish released into the cages, due to the increased consumption of oxygen and production

of ammonia. We do not have any strong a priori presumptions on the risk effects of capital.

Since 1982 the Norwegian Directorate of Fisheries has compiled sdmon farm production data. In
the present study we use 2,447 observations on such farms observed during 1988-1992.% The output
(y) is sdes (in thousand kilograms) of sdmon and the stock (in thousand kilograms) left a the pen
a the end of the year. The input variables are: feed (F), labor (L), and capitd (K). Feed is a
composite measure of salmon feed measured in thousand kilograms. Labor is total hours of work
(in thousand hours). Capitd is the replacement vaue (in red terms) of pens buildings feeding
equipment, etc. Price of sdmon is the market price of sdmon per kilogram in rea Norwegian
Kronors (NOK). The wage rate (in red NOK) is obtained by dividing labor cost by hours of labor.
Price of feed is obtained by dividing the cost of feed by the quantity of feed.

In the present study labor and feed are treated as variable inputs. Capitd is treated as a quas-fixed
input primarily because price data on it is not avalable. Moreover, since capita stock adjusment is
not indantaneous it is perhaps better to treat capitd as a quas-fixed input, especidly in the ddic
mode like the one used in the present study.

5. Empirical Results

Firg we report the edimaed eadicities of the mean output function (f(X)) with respect to labor,
capitd, and feed. We plot the empiricd didtribution of these eadticities for labor, capitd and feed
in Figure 1.* The mean values of these dadticities are: 0.029, 0.017, and 0.253, respectively. It can
be seen tha none of the digtributions is symmetric. In fact they are dl skewed to the right. Thus the
median vaues of these dadicities are less than ther mean vadues (median dadticities of output

3 We thank R. Tveterds for providing the data. Details on the sample and construction of the variables used here can be
found in the Ph.D.dissertation (Tveterds, 1996).



with respect to labor, capitd and feed are 0.017, 0.007 and 0.158, respectively). The standard
deviations of these dagticities are: 0.078, 0.046, and 0.282, respectively.

Farm age is found to have a negative effect on mean output. The dadticity with respect to age is
expected to be pogtive, especidly when one associaes age of the famer with experience,
knowledge and learning. With an increase in experience and knowledge one would expect output to
increase, ceteris paribus. However, sdmon farm gudies show that the marine environment around
the farm tends to become more disease prone over time due to accumulation of organic sediments
below the cages, leading to oxygen loss and increased risk of fish diseases. Hence, the fam age
variable may capture both the pogtive learning effect and the negative disease proneness effect.
According to our results, the negative disease proneness effect seems to dominate. The median
(mean) vaue of age dadticity is —0.003 (0.002) with a standard deviation of 0.004. Smilar result
isfound in parametric studies (Kumbhakar and Tveterds, 2002).

In production models the time variable is included to capture exogenous technicd change (a shift in
the production function, ceteris paribus). In the present model we define technica progress in terms
of the mean output function, i.e, TC = fIn f(X) /Nt ={9f (X)/9t}{1/ f (X)} where f(X) andits
time derivative are replaced by ther edimaed vaues. Based on this formula we find mean
technica progress at the rate of 4.6% per year. The frequency distribution of TC is given in Figure
1. The didtribution is skewed to the Eft. The average rate of TC for most of the farms is around 6%.
The median value of TC is 53% with a sandard deviation of 0.026. A notable festure of this
digribution is that it is bimoda. The two modd vaues of TC ae 25% and 7.5% per annum,
respectively. Although the mean TC is aound 6% per year, some fams experienced technicd
progress a the rate of 2.5% while other “leading” farms experienced a much higher rate.

In farmed sdmon production, risk plays an important part. Consequently, it is important to know
which input(s) is (are) risk incressing (decreasing). For this we estimate the partia derivetives of
production risk, the g(X) function. Based on the estimates of the risk functions we find that labor is,

4 These elasticities are positive for most of the data points. There are some farms for which the elasticities are negative,
especially for labor and capital. This type of violation of the properties of the underlying production technology (viz.,
positive marginal product) happens when one uses a flexible parametric production function such as the translog. It is,
however, possible to eliminate negative marginal products by restricting them with their lowest allowable bound (zero),
see Pagan and Ullah (1999, pp. 175-176).



in generd, risk reducing. Labor plays a paticularly important role in production risk management.
Fam workers main tasks are monitoring of live fish in the pens biophysca vaiables (sea
temperature, sdinity, oxygen concentration, agae concentrations, etc.), and the condition of the
physca production equipment (pens, nets, feeding equipment, anchoring equipment, etc.). Thus
workers  ability to detect and diagnose abnormd fish behavior, detect changes in biophysicd
variadbles and make prognoses on future development, are crucid to mitigate adverse production
condition and reduce production risk. We find (as expected) feed to increase the leve of output
risk, ceteris paribus. The feed is not al digested and the resdue is released into the environment as
feed waste or faeces. This organic waste consumes oxygen, and thus competes with the salmon for
the oxygen available in the cages. In addition, feed waste dso leads to production of toxic by-

products, such as ammonia.

In Figure 2 we report the frequency distribution of eadticities of the risk function with respect to
labor, capitd, feed, age and time. The mean (median) vaues of these eadticities for labor, capitd,
feed, age and time are: -0.049 (-0.043), 0.016 (0.011), 0.085 (0.016), -0.001 (-0.001), and 0.002
(0.002), respectively. The risk pat of the production technology seems to be quite insendtive to
changes in the age (experience) of farmers. Smilarly, no dgnificant change in production risk took

place over time,

Eledticities of the mean output and risk functions for each input are derived from the estimates of
the f(X) and the g(X) functions and their partid derivatives. We use the estimated vaues of f(X) and
g(X) and their partid derivatives to obtain etimates of the risk preference function €(.) and
edimaes of risk premium (RP) in the second step. Since RP gives a direct and more readily
interpretable result, reporting of RP is often preferred. Given that the RP measure is dependent on
units of measurement, a relative measure of RP (defined as RRP = RP/i ) is reported. Relative risk
premium (RRP) is independent of the units of measurement. RRP dso takes fam heterogeneity
into account by expressing RP in percentage terms.

The frequency didribution of RRP is reported in Figure 3. The didribution is skewed to the right.

The mean (median) values of RRP are 0.252 and 0.224. RP shows how much a risk averse farm is

willing to pay to insure againgt uncertain profit due to production risk. The RRP, on the other hand,
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shows what percent of mean profit a risk averse farm is willing to pay as insurance. The above
results show that on average a fam is willing to pay about 25.22% of the mean profit as an
insurance againg possible profit 1oss due to production risk.

Numerica vaues of means and dandard deviaions of dadticitiess, q and RRP are reported in
Tables 1 and 2. In Table 2, we dso report the 95% confidence intervals for q and RRP. These
confidence intervals are too wide indicating the presence of condderable heterogeneity among

sdmon farmers regarding their attitude towards risk.

6. Summary and Conclusons

This paper deds with nonparametric estimation of production risk. We consder an gpproach in
which producers maximize expected utility of anticipated profit to solve input dlocation problem.
In contragt to the risk studies in the production literature that are based on built-in festures such as
(1) parametric forms of the production and risk function, (ii) parametric form of the utility function,
(iii) digributiond assumption(s) on the eror term(s) representing output risk, our nonparametric
goproach avoid dl these redrictive features. We estimate the production function, the risk function
(output risk), and risk preference function nonparametricaly and avoid making any functiona form
assumption on them. Furthermore, we do not make any distributiona assumption on the error term

representing production risk.

We choose sdmon farming for an application because sdmon farming is riskier than dher types of
meat production, e.g., beef and poultry. Based on a sample of 2447 Norwegian sdmon farms, we
find that labor is risk reducing, while capita and feed are risk increesng. We dso find that the
samon famers are modly risk averse. This risk averse behavior is expected due to sunk costs
related to invetments in capital equipment and labor training; high operating capital requirements
due to the long time lag between the release and harvesting of sdmon; and use of persond assets as
security for loans or investment capitd. Findly, we report farm-specific vaues of risk premium (as
a percent of profit) to examine the cost of private risk bearing. These risk premiums are pogtive,
but vay among fams, and over time. The median vdue of redaive risk premium is found to be
25.22% — thereby meaning that, on average, fams are willing to pay about 25.33% of their mean
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profit as insurance to protect againgt profit losses due to production risk.
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Table 1. Elagticities of the mean production
and production risk function

f (x) w.rt. | Mean Median std. dev.
L abor 0.029 0.017 0.078
Capita 0.017 0.007 0.046
Feed 0.253 0.158 0.282
Time 0.046 0.053 0.026
Age -0.002 -0.003 0.0036
g (x) W.LL

Labor -0.0493 -0.0427 0.044
Capita 0.0163 0.0109 0.028
Feed 0.0851 0.0159 0.216
Time 0.0024 0.0021 0.0038
Age -0.0009 -0.0011 0.0014

Table 2. Risk preferenceand relativerisk premium

Mean Median std. dev. 95% confidence interva
q -2.869 -2.888 0.435 -3.970 -2.810
RRP 0.252 0.224 0.124 0.122 0.592
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Figure 1. Digtributionsof f (x) elasticities
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Figure 2. Digtributionsof ¢ (x) elasticities
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Figure 3. Digributions of relativerisk premium
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