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ABSTRACT

Extreme meteorological events have increased over the last decades and it is widely
accepted that it is due to climate change (IPCC, 2007; Beniston et al., 2007). Some of these
extremes, like drought or frost episodes largely affect agricultural outputs and risk management
becomes crucial. The goal of this paper it is to analyze farmers’ decisions about risk management,
taking into account climatological and meteorological information. We consider a situation in which
the farmer, as part of crop management, has available a technology to protect the harvest from
weather effects. This approach has been used by Murphy et al. (1985), Katz and Murphy (1990 and
1997) and others in the case that the farmer maximizes the expected returns. In our model we
introduce the attitude towards risk. Thus we can evaluate how the optimal decision is affected by the
absolute risk aversion coefficient of Arrow-Pratt, and compute the economic value of the

information in this context, while proposing a measure to estimate the amount of money that the

farmer is willing to pay for this information in terms of the certainty equivalent.

Key words: information value, cost-loss ratio, decision models, risk aversion.

Classification JEL : Cé6.

RESUMEN

El nimero y la intensidad de los fenémenos meteoroldgicos extremos han aumentado en las
ultimas décadas, y es ampliamente aceptado que se debe al cambio climatico. Algunos de tales
fenomenos, como sequias o heladas, afectan mucho a los outputs agricolas, por lo que la gestion del
riesgo es crucial. El objetivo de este articulo es analizar las decisiones de los agricultores acerca de
la gestion del riesgo, teniendo en cuenta la informacion climatologica y la meteorologica. Se
considera una situacion en la que el agricultor tiene a su disposicion una tecnologia para proteger la
cosecha de los efectos meteorologicos. Este enfoque ha sido utilizado por Murphy et al. (1985), Katz
y Murphy (1990 y 1997) y otros, en el caso en que el agricultor maximiza el beneficio esperado. En
nuestro modelo se introduce la actitud hacia el riesgo. Asi podemos evaluar como la decision 6ptima
viene afectada por el coeficiente absoluto de aversion al riesgo de Arrow-Pratt, y calcular el valor
econdmico de la informacion en este contexto. Asimismo, se propone una medida para estimar la
cantidad de dinero que el agricultor estd dispuesto a pagar por esta informacion en términos de

equivalencia cierta.
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1. INTRODUCTION

Meteorological information affects agricultural production since it is able to change
producers’ decisions. Many farmers use weather forecasts to manage their activities, taking
into account some meteorological variables to make better decisions when choosing the
planting and harvesting time, the application of pesticides, and so on (McNew and Mapp,
1990). Cost-Loss analytical models constitute a theoretical approach to decisions under risk
which are affected by weather. (See Clemen, 1996; Keeney, 1982; Winkler and Murphy,
1985; Winkler et al., 1983).

The uncertainty comes from some meteorological variable which depending on the
specific case produces uncertain consequences. The meteorological forecasts help in the
decision making altering the conditional probability associated to these events and the
economic value of these forecasts can be considered as the difference between the expected
value when an imperfect forecast is available and when just basic information exists there.
The basic information most commonly accepted is the climatological information. That is,
to assume that the agent knows the historical relative frequencies for the meteorological

events those affect his activity.

What is commonly known as the “Cost-Loss Ratio Situation” model is a
particularization of prototype decision models, in which an agent must decide between two
actions: (1) to protect the harvest from an adverse meteorological situation, with a cost C, or

(I) not to protect it and expose himself to a loss L if the adverse event takes place

(O<C <L<oo). Although this analysis can be applied to any agent whose activity is

exposed to uncertainty, most of the literature on this particular decision making problem is
addressed to the farmer’s protection decision. See Katz and Murphy (1997) for a complete

revision of these studies centred on crop management.

In the traditional cost-loss model, in its static version (Thompson, 1952, 1962;
Thompson and Brier, 1955; Murphy, 1977), and also dynamic (Murphy et al., 1985; Katz
and Murphy, 1990), an essential condition is assumed: the agent presents neutrality to the
risk, which means that he minimizes the expected expense. However, agents are sensitive to

risk, at least where important decisions are concerned, and not taking into consideration this
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attitude, could lead to wrong conclusions in some cases (Wilks, 1997). Some examples of
maximization of expected utility in actual applied models have evaluated the frost forecasting for
pear orchard production (Baquet et al., 1976), the precipitation forecast for pasturing in Oregon
(Wilks and Murphy, 1985) or perfect forecasts of sea surface temperature anomalies for selected

rain-fed agricultural locations of Chile (Meza et al., 2003).

In Section 2 we propose a model in which the risk attitude has been considered, and
that allows us to evaluate how the optimal decision depends on the absolute risk aversion. It
is assumed that individual preferences are represented by a CARA (Constant Absolute Risk

Aversion) utility function.

Expected utility framework has been adopted for the risk aversion treatment. A first
advantage is certainly its analytical convenience, but there is also a normative advantage in
decision making problems. Expected utility may provide a valuable guide to action (Mas-
Collel, 1995). Although the expected utility theory has been under attack since Allais
paradox in the early 50’s, however there are firm reasons for not rejecting it (Palacios-

Huerta and Serrano, 2006).

In Section 3 the introduction of additional meteorological information is analyzed
and we obtain the economic value of this information as welfare difference motivated by the
forecast system. We also compute the amount of money that the farmer is willing to pay for
this information in terms of the certainty equivalence. This analysis is shown in Section 4,

and finally, Section 5 concludes the paper.
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2. CLIMATOLOGICAL INFORMATION

2.1. The model

In this section the role of risk aversion is analyzed by considering that the farmer
simply decides between protecting and not protecting his harvest. We formulate the model

in a general form.

Let K be the value of portion of loss that the farmer is able to avoid by protecting
the harvest, with a cost yK, where 0<y <1. We assume that the avoided loss is
proportional to the total value of the harvest L, so K =aL. Thus, =1 (and K = L), if the
farmer protects all the harvest, whereas o =0 (and K =0), if he protects nothing. (We use
this notation in order to develop a framework which allows the possibility of considering the

continuous choice of a as part of future research).

Hence, while the protect versus not to protect decision is analyzed, the chosen frame
is the cost-loss traditional model, including two possible states (adverse weather & =1 or
non adverse weather @ = 0) and two possible actions for the farmer (protect, & =1, or do not

protect, & =0). The cost of protection is yL and the total loss if there is no harvest is L.

The payoff matrix is in Table 1.

Table 1. Payoff Matrix

STATE OF NATURE
Adverse weather Non adverse weather
ACTION 0=1) 0=0)
Protect (o= 1) —yL —yL
Not protect (a0 = 0) -L 0

In order to evaluate the risk influence over farmers decisions, and therefore to obtain
the information value, we are going to analyze the decision considering the risk aversion,

which provides one of the central concepts in economic analysis ((Mas-Collel et al. (1995)).
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We assume that individual preferences can be represented by the expected utility with the

utility function U(-), the CARA function (Constant Absolute Risk Aversion), being:

U(x)=—exp{-px}, (1)
where: x is monetary gains and p >0 is the Arrow-Pratt coefficient of absolute risk

aversion, which is constant for this function.

The Arrow-Pratt absolute risk aversion coefficient can be interpreted as the
percentage change in marginal utility caused by each monetary unit of a gain or loss.
(Raskin and Cochran, 1986). If the coefficient does not change across the monetary level,
the decision-maker exhibits constant absolute risk aversion (CARA), which implies that the
level of the argument of the utility function does not affect his or her decisions under
uncertainty. Since p is not a non-dimensional measure of risk aversion, its value is
dependent on the currency in which the monetary units are expressed (Goémez-Limoén et al,
2003), and makes the comparison among different economic agents difficult. However, it
remains a good measure for decision making problems involving a sole economic agent.
This is suitable for the farmer’s decision problem while the risk aversion remaining

independent on the harvest value.

The optimal decision in this case is obtained maximizing the expected utility, which
increases with the decrease of the expected expense. (That is the reason for writing the

payoffs as negative monetary costs).

2.2. Solution and theoretical results

Climatological information consists of a single probability of adverse weather
P, =Pr{6 =1},
usually deriving from historical weather records. From a Bayesian perspective, the

parameter P, can be viewed as the “prior probability” of adverse weather.

As we study the case of a risk averse farmer whose utility function is given by (1),
all the elements relevant for the decision problem, including the payoff values of the farmer

in accordance with the utility function, are collected in Table 2.
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Table 2 Payoff values of the agent in accordance with the utility function.

P, 1- P,
STATE OF NATURE
Adverse weather Non adverse weather
ACTION 0=1) 0=0)
Protect (a =1) —exp { p}/L} —CXp {M/ L}
Not protect (o = 0) —exp { ) L} -1

The optimal action to be chosen by the farmer in order to maximize the expected

utility is given in the following proposition.

Proposition 1 For the decision problem with risk, defined in Table 2, the optimal decision

of the farmer considering the maximization of the expected utility criterion is

e Protect (o= 1), if A<P,. In this case the expected utility is EU(1) = —exp{pyL}.
e Do not protect (a=0), if A>PF, In this case the expected utility is
EU(0)=—P,exp{pL}+P,—1.

o Indifference between both actions if A= F,,

Proof 1f protective action is taken (o = 1), then the expected utility of the farmer is:
EU()= PU[-yL]+(1—-P)U[-yL]=U[-yL]=—exp{prL}.
If protective action is not taken (a = 0), then the expected utility of the farmer is:
EU(0)= RU[-L]+(1-B)U[0]=-F,exp{pL}+(1- B,)[ —exp{0} | =
=-P, exp{pL}+Pg —1.
Therefore, to take protective action is strictly better if

I —exp {p}/L}

EU(1)> EU(0) & —exp{pyL}>-F,exp{pL}+ F, -1 < 1—exp{pL}

<P,

and in that case, the expected utility of the farmer is EU(1) =—exp{pyL}.
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Similarly, not to protect (a0 = 0) is strictly better when EU(1)< EU(0), and there is

indifference between the two actions when EU(1) = EU(0).m

A being the probability threshold from which a farmer with constant absolute risk
aversion and climatological information will protect the harvest from adverse weather, the

optimal decision policy appears in Figure 1.

Py

Not to proy Wrote ot

0 A 1

Figure 1. Optimal policy with climatological information and risk aversion

In the case of a risk neutral agent, it is optimal to protect the harvest whenever the
cost per unit of loss to be avoided by protection is below the probability of suffering this

loss (Murphy et. al.,, 1985), that is if y <P,. In Proposition 2 it is proved that

I-e L
> M and therefore, it could happen that P, were in an interval, between A and
1—exp { pL}

y . In that case, a risk adverse agent (with constant absolute risk aversion) will prefer to

protect the harvest, although it would not be optimal for him to protect it in the event that he
were risk neutral, thus minimizing the expected cost. Consequently, the risk adverse
individual is more cautious and would take protection action in situations in which he would

not take it if he were risk neutral.

Proposition 2 The probability threshold values A and y, (representing the threshold from

which a risk-averse and a risk-neutral farmer respectively will protect his harvest from

adverse weather when climatological information is available) verify that A < y .

Proof As
piLi}/ifl
_1- L] =N
exp /07/ =1 —_i=l l'i , we have that

(pL)

i!

Qg

M

I’
Il
—_
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<i(pf) oy PLY <i(pf), which s

1-exp{pyL}

, as we wanted to prove. m
1—exp { pL}

So, as always y <1, it is satisfied that y >

In Proposition 3 we prove three interesting properties of the probability threshold A4 from
which a farmer with constant risk absolute aversion will protect the harvest from adverse

weather.

1—exp {p)/L}

Proposition 3 4 =
P 1—-exp{pL}

satisfies the following properties:
i 2o,
oy
(ii) o4 <0,
op
(iii) lim A =y.
p—0

- L) pL
Proof(i)g—A: xplprliel

y  l—exp{pL}

i) Ao ~[exp{pyLiyL][1-exp{pL}|+[1-expipyL} exp{pL}L
o op [1 —exp{pL}]2
= —[exp{P}/L} J/L][l - exp{pL}] + [1 - exp{pyL}]exp {pL}L<0,

<0

because [1—exp{pL}}2 >0,

0A4
SO % <0 [l—exp{pyL}]exp{pL} <exp{pyrL} [l—exp{pL}]}/ &
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[1 —exp {pL}] exp{pyL}y
[1 —exp {p;/L}] exp{pL}

1- L L
DenotingM:[ exp{p }}exp{py }y,wehavethata—ASOQMSI.

[l—exp{pyL}]exp{pL} op

We can see that M <1 Vy €(0,1), because:

<1.

e M is an increasing function of y €(0,1):

In fact:
M = b Vel {p;/L} 4 , Where 4= —1 —oxp {p]/L}
A exp{pL} 1- exp{pL}

So, 4 depends on y.

— Lt pL
We know that 4>0, and that 6_A - Z9XP {'D}/ }'D >0

oy l—exp{pL}

So we have:

oM ) [exp {p]/L} pyL+exp {pyL}] Aexp {pL} - {21; exp {pL}} exp {p]/L} /4

oy [A exp{pL}]2

1 04
[exp{pyL} pyL+exp{pyL}] —zanp{pﬂ} y
B Aexp{pL}
:M[W _LG_A}_
Aexp{pL}

Aoy
Butas p>0, 0<y <1 and L >0 we have that

exp{pyL} >0, 4>0and exp{pL}>0.

We will see that {1 + pyL —%2—14} is also positive:
4

[1-exp{pL}] exp{pyL} pL _
[1-exp{prL}][1-exp{pL}]

y OA
l+pyL———|=1+pyL+
{ Py Aay} pPYL+Yy

14 pyr e 22t exp{pyL} 1-exp{pyLj+pyL—pyLexp{pyL}+pyLexp{pyL} _

1—-exp{pyL} 1—-exp{pyL}
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{i(pﬂ)"}pﬂ g(py'L)’

= 1! ‘ i!
= . == =>0.

_[i (pZ'L)' } » (prL)

= 1! = i

e In addition, we can see thatif y =1=>M =1.

M being an increasing function of y, and M = 1 when y =1, we have that M <1.

So, M <1= Z—A <0, as we wanted to prove.
0

Gy tim A = tim —SRUYLL o TrLexpiort] | yeplorky
P20 o0 J—exp{pL} o0 —Lexp{pL} »>0 exp{pL}

In accordance with (i) in Proposition 3, the greater the cost to protect the harvest, the
smaller the caution of the farmer. In (ii) we see that the greater the risk aversion, the smaller
the probability threshold from which the agent protects the harvest. If the producer is highly
adverse to the risk ( p is very high), he will maximize his expected utility by protecting the
harvest from adverse weather (making sure it will not suffer the loss if the weather is

adverse) although the associated probability of that adverse situation ( £, ), is small. In (ii1)

we see that the behaviour of a farmer whose risk aversion tends to zero is similar to that of a

risk neutral agent.

Example 1 In Table 3 it can be seen how propositions 2 and 3 apply for L =1 and for

parameters y and p taking different values. The entries of the matrix correspond to the

values of the threshold value A.

If for example P, =0.45 and y =0,5, the risk neutral farmer does not protect. The
risk averse farmer (with CARA function) does not protect if p=0,01 or 0.1 but protects if
p=0.5 0.8, 1or5, according to the values given in Table 3.

Table 3 Probability threshold from which the agent protects the harvest for different values
of y and p when L=1.

p=0.01 p=0.1 p=0.5 p=0.8 p=1 p=5

y=0.1 0.099 0.099 0.079 0.068 0.061 0.004
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y=03 0.299 0.290 0.249 0.221 0.204 0.024
y=0.5 0.499 0.488 0.438 0.401 0.378 0.076
y=0.7 0.699 0.689 0.646 0.613 0.590 0.218
y=0.8 0.799 0.792 0.758 0.731 0.713 0.364

Figure 2 display the “protect” and “do not protect” regions for a range of p, y, and Py values.

Protect and do not protect regions

0.9

0.8

Oy=0.8
Oy=0.7
B y=0.5
B y=0.3
Hy=0.1

P

Figure 2. Protect and do not protect regions
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3. FORECASTING INFORMATION

As in Murphy et. al. (1985), we consider the incorporation of additional information
to the model. It is introduced as an imperfect weather forecasting from a meteorological
office. The goal is to obtain the optimal decision rule in this context and also to quantify the
economic value of such a forecasting system, considering the information value as the
benefits of changing the farmer’s behavior when he has this additional information

available.

Let the random variable Z which indicates a forecast of adverse weather (Z = 1) , or of non
adverse weather (Z = 0) be introduced. The conditional probabilities of adverse weather are
denoted by RZPr{H =1/Z= l} and POZPr{G =1/Z= 0}. In addition, as in Murphy et al.
(1985) it is assumed that Pr{Z = 1} = Pr{@ = 1} =P,, that is, the forecasting system produces
adverse weather signals with the same probability that adverse weather events take place. Without
loss of generality, 0 < P, < P, < P, <1, is also assumed. In these conditions it is easily obtained

that Po :(l_ﬂ' *
(1-F)

For the case of a risk averse farmer whose utility function is given by (1), all the
elements relevant for the decision problem with imperfect information, in the context we

have just defined are collected in Table 4.

The quality of information is defined in terms of the following index:
(£A-5)

q=Corr(60,2)= 1-p,) .

The value of information is defined as

V' = Value of information = EU (with forecasting) — EU (Without forecasting) ,

* 1-P)P,
P, =Pr{0=1}=Pr{0=1/Z=1Pr{Z=1}+Pr{0=1/Z=0}Pr{Z=0}=RF, +F,(1-P)= P, ( 1)".
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where EU is the value of the expected utility corresponding to the optimal decision in both
cases (with and without forecasting). Specifically, EU(without forecasting) is the

corresponding value obtained in Proposition 1.

EU (with forecasting) = EU(Z = l)Pr{Z = 1} +EU(Z =0) Pr{Z = O}

it is the ex-ante(before a concrete forecast revealed) expected utility with forecasting.

It is interesting to obtain the value of information as a function of the quality of information

q.
Table 4 . Payoff Matrix with imperfect information
If Z=1 If Z=0
B I-A 5 1-F
STATE OF NATURE STATE OF NATURE
ACTION f=1 6=0 6=1 0=0
a=1 —exp{pyL} | —exp{pyL} | —exp{pyL} | —exp{pyL}
a=0 —exp{pL} -1 —exp{pL} -1

In order to obtain the optimal decision rule of the farmer and also the value of the
information we need to distinguish between two cases, as the expected utility of the optimal decision

without forecasting enters in the calculation of the value of information.

3.1 Case inwhich 0 <4< P,

As has been proved in Proposition 1, where A4 < F,, if we consider a situation without
forecasting (that is only climatological information is used), the optimal decision of the farmer is to

protect and then EU (without forecasting ) =—exp{ pyL}.

In the following proposition the optimal action to be chosen by the farmer in order to
maximize the expected utility in the case of incomplete information, as well as the value of

information for this case are obtained.
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Proposition 4 For the decision problem with risk and incomplete information, defined in
Table 4, assuming that 0< A<P,, the optimal decison of the farmer considering the
maximization of the expected utility criterion is:

o [If A<PF,, to protect, whatever the signal is, and then the expected utility is
—exp{prL}.

o IfIf A> P, to protect if Z = 1 (the expected utility being —exp{pyL}) and

not protect if Z = 0 (the expected utility being —F, exp {pL} + B -1).

o Indifference between both actions if A = F,.

The value of information is
0, if g<q,
V(g)={(-PF)|exp{pyL}-1]+P,(1-P)[1-exp{pL}]-
—q(-PR)R[1-exp{pL}],  if g>q,

. Y|
where g, =1-—.
5

Proof Since the variable Z has two possible values, we have the following possibilities:

If Z=1, asB>PF,, then4d<F, so the optimal decision is to protect and the
expected utility is equal to: —exp{pyL}.

If Z=0, asF, < F,, there are two more possibilities:

(1) 4 < F,. In that case, the optimal decision is to protect and the expected utility is
also equal to —exp{ p}/L} .

(1) 4> F,, where not to protect is optimal, with an expected utility of:

~Pexp{pL}-(1-FR).
If A= F,, the agent is indifferent between the two possible actions.

So, if 4 < P,, the optimal decision is to protect if the information is Z =1 and also

to protect if the information is Z =0, with the same expected utility that the farmer
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achieves without the forecasting system. So, in this case, meteorological information has no

value because it does not affect the decision making.

If 4> P,, the optimal decision is different depending on the received information.
If Z =1, the optimal decision is to protect and the expected utility is —exp{ p}/L} JIf

Z =0 , the optimal decision is not to protect and ex-ante expected utility is:
EU (with forecasting) = EU(Z =1) Pr{Z = 1} +EU(Z =0) Pr{Z = O} =
=—P,exp{pyL}+(1-F,)[-F exp{pL}—(1- ) ].

Accordingly, with0 < 4 < P,, and constant absolute risk aversion, meteorological
information has positive economic value if and only if 4> F,. In this case, the economic

value of the information, V' (gq), is:

0, if  A<P
V(g) =
D=1a-pyexpiprt)-a-p[1-R[1-explpL}]], it 4>R

Considering the information quality index g¢ =%, and the probabilities
o
. (1-R)F, . . . . .
relation P :W, the information has economic value if and only if:
e
1-|q(1-P))+ P, DP,
A>E)<:>A>( [q( ) 9])9c>q>1—£.
(1-£) 5

Denoting: ¢, =1 5 the economic value is positive if and only if ¢ > ¢,
4

The economic value of the meteorological information can be expressed as a
function of the quality index:
0, if g<q,
V(g)={(-F)|exp{pyL}—1]+P,(1-P)[1-exp{pL}]-
—q(-F)F,[1-exp{pL}].  if g>q,
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There is a threshold, ¢,, below which the forecast system does not improve the
farmer’s expected utility. This threshold increases with the absolute risk aversion coefficient
of Arrow-Pratt p. So, with a more risk averse agent the information quality needed to
influence his decision making is higher.

oq, 0q, 04 1 04 A
In fact, My _Ha04_ - 04 , where — <0, as has been shown in Proposition 3, so

dp 04 op P op op

0
necessarily: % > (. The larger is the risk aversion, the higher is the quality threshold
0

qz‘ This result can appear as paradoxical, but it is meaningful that a highly risk averse farmer will

not change the decision of protecting his harvest (obtaining a certain result), unless the information

quality is very high.

In the ¢ > ¢, interval, it is satisfied that

V'(q)=—(1-F,)P,[1-exp{pL}]>0,

so we have that V' (q) is strictly increasing throughout that interval.

To see how the information value depends on the absolute risk aversion coefficient

p,when g > ¢, we have:

oV
TP = yL0-B)exp{prLy = B(1- B)Lexp{pL} +ah, (1~ B)Lexp{pL} >0 <>
s explpL(y-1)} > 1=0P . . .
p pL( y 1)} >——"=%_ That is, the value increases with p  when
/4
L
q> l—lm , and decreases below this level of quality. This is due to the fact that
P, exp{pL}

the threshold ¢, increases with the risk aversion coefficient p, causing the information

. . . k3
value changes to be zero when the risk aversion becomes higher nearby g, . However, as

we have seen, if the information quality is over that critical region (which happens if it

¥ eXp { pyL}

exceeds the level g =1-
F, exp{pL}

) is more valuable when the risk aversion is high.
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Example 2 Let us consider the following values for the parameters: y =0.3,L =1, P =0.4
and p taking the values 0.1, 0.5 or 0.9.

For p = 0.1 it is obtained that 4 = 0.289 and ¢, = 0.034.

For p =0.5, the corresponding values are 4 =0.249 and ¢/, = 0.168.

For p=0.9, 4=0.212 and g, = 0.292 are obtained.

In Figure 3 the critical region can be observed due to changes on the quality threshold from
which individual decisions with an imperfect forecast are different to those in the case of
simple climatological information; and how over this region, the information value

increases with the risk aversion coefficient.

Information value with different risk aversion
coefficients

0.25
0.2
o 015 1 ——p=0.1
= — —p=05
> 01 —p=09
0.05 -
0
0

quality

Figure 3. Quality-value curve for different values of p, where y =0.3,L=1 ,and P, =04

3.2 Case in which 4 > P,.

As has been proved in Proposition 1, when 4> P,, the optimal decision in a
situation without forecasting (using just climatological information) is do not protect and

then EU (Without forecasting) =-PF, exp{ pL} + P, —1.
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Proposition 5 For the decision problem with risk and incomplete information, defined in

Table 4, assuming that P, < A, the optimal decison of the farmer considering the maximization

of the expected utility criterion is:

e [f A> P, do not protect, whatever the signal is.

o If A<RB, toprotectif Z = 1 (the expected utility being —exp {p}/L}) and do

not protect if Z = 0 (the expected utility being —F, exp {pL} + B, —1).

o [Indifference between both actions if A = P,.

The value of information is
0, if g<q,
V(q) =1 B [exp{pL} —exp{prL}]+ B (1= B)[1-exp{pL}]-
—q(U-F)F,[1-expipLl].  if g>q,

where g, = £,
-7,

Proof If the signal received is Z =0, as 4 > P, > P,, the optimal decision is not to protect

and the corresponding expected utility is —F, exp { pL} + B -1

If the signal is Z =1, as P, < P, there are two possibilities:

(1) 4 < B, in which case the optimal decision is to protect and the expected utility is
—exp{pyL}.

(1) 4> B,in which case the optimal decision is not to protect and the expected
utility is =B exp{pL} —(1-F).

If A= P the agent is indifferent between the two possible actions.

Therefore, if 4> F, it is optimal not to protect, whatever the signal is, and the

meteorological information has no value. If 4 < P, it is optimal to protect if the signal is
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Z =1, (the expected utility being —exp{ p}/L}) and not to protect if Z = 0 (the expected

utility being —F, exp{pL} + P, —1).

Assuming 4 < B,

EU (with forecasting) = EU(Z =1)Pr{Z =1} + EU(Z =0)Pr{Z =0} =
=—Fyexp{pyL}+(1-F)[-Rexp{pL} ~(1-R) =
=—P,exp{prL}+q(1- P,)P,[exp{pL} —1]-(1- ) Pyexp{pL} +1- P, |.

The value of the meteorological information is zero if

As by definition
V(q) = EU(with forecasting) — EU (without forecasting),

substituting the expressions for the expected utilities the final expression for the value of

information is obtained. m

In this case we have:

oq. 0Oq.
95 _ qBG_A: ! a—ASO, because >0 and a—ASO.
op 0Aodp 1-PF, 0p 1-P op

14

Therefore, the larger is the risk aversion, the smaller is the quality threshold g .
This result is reasonable, taking into account that when 4 > P,, the optimal decision with

simple climatological information is not to protect. Then, the larger is the risk aversion of

the farmer, the smaller are the conditions for a change to protection.

In the ¢ > ¢, interval, it is satisfied that

V'@ =-(1-F)F [l—exp{pL}] >0,

so we have that, as in the previous case, V' (q) is strictly increasing throughout that interval.
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In the ¢ > ¢, interval, we have

av'(q)
dp

=(1-P,)P,Lexp{pL} > 0.

Therefore in this case, if p, > p,, for g > ¢,,the value of the inforamtion V(q)

corresponding to p, is always larger than the value of the information V'(g) corresponding

to p,.

Example 3 Let us consider the following values for the parameters: y =0.3,L =1, P =0.2
and p taking the values 0.1, 0.5 or 0.9.

For p =0.1 it is obtained that 4 =0.289 and ¢, =0.111.

For p=0.5, 4=0.249 and ¢, = 0.061.

For p=0.9, 4=0.212 and g, = 0.015 are obtained.

In Figure 4 the quality-value curves for the different values of p are plotted.

Information value with different risk aversion
coefficients

0.25
0.2
0.15 A
() o=
S p=0.1
T — —p=05
> 01 ——p=09
0.05 A
0
0

quality

Figure 4. Quality-value curve for different values of p, where y =0.3,L =1 ,and P, =0.2

The economic value, as defined in the literature, is measured in welfare or utility

units. A consequence of the expected utility form, as a Von Neumann-Morgenstern (v.N-M)
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expected utility function is that differences of utilities have meaning and the ranking of
utility differences is preserved by all linear transformations of the v.N-M expected utility
function (Mas-Collel et al., 1995). However, a linear transformation of the utility function
would represent the same preferences but would provide different values for V(q). In order
to be able to compare between different agents we have also analysed the information value

in terms of the monetary gains.

4. MONETARY GAINS

In order to achieve a monetary value unchanging with linear utility transformations
to compute the amount of money that farmers will pay for the forecast service, we have
considered the certainty equivalence approach. The certainty equivalent (CE) can be defined
as the amount of money for which the farmer is indifferent between the gamble and the
certain amount CE (Mas-Collel et al., 1995), that is the amount of money producing the
same utility without uncertainty as the expected utility when the risk exists (See Figure 5).

U(x)

(utility) U(x)

EU

x, CEEV X, X (monetary values)

Figure 5. Expected value (EV), expected utility (EU) and certain equivalent (CE)

We define the monetary gains (MG) for a farmer, as the difference in certain
equivalent due to the introduction of forecasting information, that is: MG = CE(with
forecasting)-CE(without forecasting). Proposition 6 shows the monetary gains of the

information.
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Proposition 6: The monetary gain of a forecast defined as the difference between CE(with

forecasting) and CE(without forecasting) can be computed as:
(i) If 0 < A< P,, the monetary gain is:

In[F, explppl+(1-F) — F,(—explalpli-q(-B)+ B[] |
-p

MG(q)= 8

(ii)  If A > P,, the monetary gain is:

| Boexploi+ (1= B) = By(1-explpLpll - ¢(1- F,) - P,
1- P, (1-explpL))
-p

MG(q)=

Proof.
(i).Considering the case in which the economic value of information has a positive value we
shown in proposition 4 that:

EU(with forecasting)= —F, exp{pyL} +(1—F,) [—PO exp{pL}—-(1-P, )].

Therefore, the monetary gain producing the same utility as the expected utility under

uncertainty, should satisfy: U[CE(with forecasting)]= -exp {-p[ CE(with forecasting)]}=
= —P,exp{pyL}+(1-F,)[-Rexp{pL}—-(1-R)].

n[P, exp{pyL}—(1- P,)[- P, exp{pL}— (1- B)]]
-p

: . 1
So, CE(with forecasting)=

Also for this case, we have that: EU (without forecasting) =—exp{pyL}.

And thus, the CE without forecasting should satisfy: U[CE(without forecasting)]= -exp{-

p[CE(without forecasting)]}= EU ( without forecasting) = —exp{ pyL}.

So, CE(without forecasting)]=-yL
As we have characterized the monetary gain of the information (MG) as:
MG(q)= CE(with forecasting)-CE(without forecasting)=
_ In[p, explpr}—(1- P)[- A explpL}-(1-R)] ()=
-P
_ In[B, exppyLi+ (1= F)) ~ (1= R)[A (1 exp{pL])]] | =
-P

P[1-(q1-P)+F)]
1-P,

And considering £, = , we have:
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I[P, explpt + (1= F,) B (L—expllpll-q(1-F) + A
—P

MG(q)= 8

(ii) Considering the case in which the economic value of information is positive, we have
shown in Proposition 5 that:

EU(with forecasting)=

= —Pexp{piL}+q(1—P)P[exp{pL}—1]-(1-P))[P, exp{pL}+1-P,]=  U[CE(with
forecasting)].

InfF, exposy+(1=F) = By (1 —explaLpl g - B) = B, ]
-p

So, CE(with forecasting)=

And, EU (without forecasting) =-P, exp{ pL} +P, —1.
U[CE(without forecasting)]= EU (without forecasting) = —F, exp{pL} + P, —1.

In[1 - P, (1 —exploL)]
4
MG(q)= CE(with forecasting)-CE(without forecasting)=

|| Boexploi)+ (1= F) — By (1-explpLpl - q(1-F)) - P,
1-P,(1-explpL})
= |
—-p

So, CE(without forecasting) =

Figure 6 shows a comparison between the monetary and the economic value in the case

0<A<P,.

Monetary and economic value (p =0.5)

0.2
0.18 -
0.16
0.14 1
0.12 1

0.1 |
0.08
0.06
0.04 -
0.02

0 ‘ —— ‘ ‘ — ‘
0 010203040506 070809 1

—V(a)
— MG(q)

q

Figure 6. Monetary and economic value if 0 < 4 < P,. where y =0.3,L =1 ,and P,=0.4
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5. CONCLUSIONS

Many National Meteorological and Hydrological Services (NMHS) programs face
limited budgets, and economic analysis, can be a helpful tool for justifying programs. (Lazo
et al., 2007). Economic assessment of the value of such services often carries significant
weight for policy decision making and budget setting. In this paper, the optimal decision of
a farmer whose preferences are represented by a CARA utility function is obtained, in the
context of cost-loss decision models under risk. The introduction of risk aversion changes
the behavior of the farmer. In this context, we have computed measures of how much better
off a decision maker is with or without a forecasting system, achieving the value of
meteorological information. A positive relation between the information value and risk
aversion has been underlined, so considering neutral agents in the type of decisions

analyzed underestimates the value of meteorological information.

However, the information has zero economic value below a quality threshold, which
is higher in the case of risk aversion, at least in certain important cases. So, evaluating the
relevance of a higher quality information system, we conclude that a forecast system whose
quality is very low, does not offer an added value for the decision making with respect to
the simple statistical or historical information (that is climatological information).
Accordingly, an improvement in the information quality highly increases its worth in all
cases, if it improves the level in which the farmers take it into account when making their
decisions. We have also computed the amount of money that the farmer saves due to
improved information and it is also increasing with the quality of the forecasting service. As
mentioned, showing net positive economic benefits of the information provided is critical
for justifying the budgets for some important meteorological services oriented to increasing

the information quality.



ECONOMIC VALUE OF WEATHER FORECASTING SYSTEMS INFORMATION: A RISK AVERSION APPROACH )5

REFERENCES

Baquet, A.E., Halter, A.N. and Conklin, F.S., (1976). The value of frost forecasting: a

Bayesian appraisal. American Journal of Agricultural Economics, 58, 511-520.

Beniston, M., Stephenson, D.B., Christensen, O.B., Ferro, Ch.A.T., Frei C., Goyette, S.,
Halsnaes, K., Holt, T., Jylha, K., Koffi, B., Palutikof, J., Schoell, R., Semmler, T.,
Woth, K. (2007). Future extreme events in European climate: an exploration of

regional climate model projections, Climate Change 81, pp. 71-95.

Clemen, R.T. (1996). Making Hard Decisions: An Introduction to Decision Analysis.
Second Edition. Duxbury, Belmont, CA.

Gomez-Limon, J.A., Arriaza, M., and Riesgo, L. (2003). An MCDM analisis of agricultural

risk aversion. European Journal of Operational Research, 151, pp. 569-585.

IPCC, (2007). Climate Change 2007. Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge.

Katz, R.W. and Murphy, A.H. (1997). “Forecast value: prototype decision —making
models”. In: Economic Value of Weather and Climate Forecasts [Richard W. Katz

and Allan H. Murphy (eds.)]. Cambridge University Press, Cambridge, pp. 183-217.

Katz, R.W.and Murphy, A.H. (1990). “Quality/value relationship for imperfect weather
forecasts in a prototype multistage decision-making model”. Journal of Forecasting,

9, pp. 75-86.

Keeney, R.L. (1982). “Decision analysis: an overview”. Operations Research, 30, pp. 803-

838.

Lazo, J.K., Raucher, R. S., Teisberg, T.J., and Weiher, R.F. (2007). Primer on Economics
for National Meteorological and Hydrological Services. US Voluntary Cooperation
Program Contribution managed by the NWS International Activities Office and
NCAR Societal Impacts Program. National Center for Atmospheric Research,
Boulder, Colorado, USA.

Mas-Collel, A., Whinston, M.D., Green, J.R. (1995). Choice under uncertainty.
Microeconomic Theory, Chapter 6, pp. 167-197. Oxford University Press. New
York.



ECONOMIC VALUE OF WEATHER FORECASTING SYSTEMS INFORMATION: A RISK AVERSION APPROACH 26

McNew, K.P., Mapp, H.P. (1990). “Sources and Uses of Weather Information by Oklahoma
Farmers and Ranchers”. Oklahoma Current Farm Economics, 63(2), pp. 15-30.

Meza, F. J., Wilks, D. S., Rihab, S. J., and, Stedingerc, J. R. (2003). “Value of perfect
forecasts of sea surface temperature anomalies for selected rain-fed agricultural
locations of Chile”. Agricultural and Forest Meteorology. Volume 116, Issues 3-4,

pp.7-135.

Murphy, A. H. (1977). “The value of climatological, categorical and probabilistic forecasts
in the cost-loss ratio situation”. Monthly Weather Review, 105, pp. 803-816.

Murphy, A. H., Katz, R.W., Winkler, R.L., Hsu, W. (1985). “Repetitive decision making
and the value of forecasts in the cost-loss ratio situation: a dynamic model”. Monthly

Weather Review, 113, pp. 801-813.

Palacios-Huerta, 1. and Serrano, R. (2006). Rejecting small gambles Ander expected utility.
Economic Letters, 91, pp. 250-259.

Raskin, R. and Cochran, M.J. (1986). Interpretations and transformations of scale for the
Pratt-Arrow absolute risk aversion coefficient: Implications for generalized
stochastic dominance. Western Journal of Agricultural Economics, 11(2), pp. 204-

210.

Thompson, J. C. (1952). “On the operational deficiencies in categorical weather forecasts”.

Bulletin of the American Meteorological Society, 33, pp. 223-226.

Thompson, J. C. (1962). “Economic gains from scientific advances and operational
improvements in meteorological prediction”. Journal of Applied Meteorology, 1, pp.

13-17.

Thompson, J. C. and Brier, G. W. (1955). “The economic utility of weather forecasts”.
Monthly Weather Review, 83, pp. 249-254.

Wilks, D.S. (1997). “Forecast value: prescriptive decision studies”. In: Economic Value of
Weather and Climate Forecasts. [Richard W. Katz and Allan H. Murphy (eds.)].
Cambridge University Press, Cambridge, pp. 109-145.

Wilks, D.S. and Murphy, A.H. (1985). On the value of seasonal precipitation forecasts in a
haying/pasturing problem in western Oregon. Monthly Weather Review, 113, pp.
1738-1745.



ECONOMIC VALUE OF WEATHER FORECASTING SYSTEMS INFORMATION: A RISK AVERSION APPROACH Q7

Winkler, R.L., Murphy, A.H. (1985). “Decision analysis”. In: Probability, Statistics and
Decision Making in the Atmospheric Sciences. [A.H. Murphy and R.W. Katz (eds.)].
Westview Press, Boulder, Co, pp. 493-524.

Winkler, R.L., Murphy, A.H., Katz, R'W. (1983). “The value of climate information: a
decision-analytic approach”. Journal of Climatology, 3, pp. 187-197.



2009-04:

2009-03:

2009-02:

2009-01:

2008-42:

2008-41:

2008-40:

2008-39:

2008-38:

2008-37:

2008-36:

2008-35:

2008-34:

2008-33:

2008-32:

2008-31:

2008-30:

2008-29:

2008-28:

2008-27:

2008-26:

2008-25:

2008-24:

2008-23:

2008-22:

2008-21:

2008-20:

2008-19:

28

ULTIMOS DOCUMENTOS DE TRABAJO

“Economic Value of Weather Forecasting Systems Information: A Risk Aversion Approach”,
Emilio Cerda Tena y Sonia Quiroga Gémez,.

“Population Ageing, Inequality and the Political Economy of Public Education”, Francisco
Martinez-Mora.

“Real Wages over the Business Cycle: OECD Evidence from the Time and Frequency Domains”,
Julian Messina, Chiara Strozzi y Jarkko Turunen.

“The Determinants Of Misreporting Weight And Height: The Role Of Social Norms”, Joan Gil y
Toni Mora.

“Social Security incentives, exit from the workforce and entry of the young”, Michele Boldrin,
Pilar Garcia-Gomez y Sergi Jiménez-Martin.

“The evolution and main determinants of productivity in Brazilian electricity distribution 1998-
2005: an empirical analysis”, Francisco Javier Ramos-Real, Beatriz Tovar, Mariana lootty,
Edmar Fagundes de Almeida y Helder Queiroz Pinto Jr..

“Immigration and Housing Prices in Spain”, Simén Sosvilla.

“Modeling the Immigration Shock”, Ana Montes y Michele Boldrin.

“Immigration and the Demand for Health in Spain”, Sergi Jiménez, Natalia Jorgensen y José
Maria Labeaga.

“Immigration and Students' Achievement in Spain”, Natalia Zinovyeva, Florentino Felgueroso
y Pablo Vazquez.

“Immigration and Social Security in Spain”, Clara Isabel Gonzélez, J. Ignacio Conde-Ruiz y
Michele Boldrin.

“Complements or Substitutes? Immigrant and Native Task Specialization in Spain”, Catalina
Amuedo-Dorantes y Sara de la Rica.

“Immigration and Crime in Spain, 1999-2006”, Cesar Alonso, Nuno Garoupa, Marcelo Perera
y Pablo Vazquez.

“A Social Network Approach to Spanish Immigration: An Analysis of Immigration into Spain
1998-2006”, Rickard Sandell.

“The Consequences on Job Satisfaction of Job-Worker Educational and Skill Mismatches in the
Spanish Labour Market: a Panel Analysis”, Lourdes Badillo Amador, Angel L6pez Nicolas y
Luis E. Vila.

“Students’assessment of higher education in Spain”, César Alonso-Borrego, Antonio Romero-
Medina.

“Body image and food disorders: Evidence from a sample of European women”, Joan Costa-
Font y Mireia Jofre-Bonet.

“Aggregation and Dissemination of Information in Experimental Asset Markets in the Presence of
a Manipulator”, HelenaVeiga y Marc Vorsatz.

“The Measurement of Consensus: An Axiomatic Analysis”, Jorge Alcalde-Unzu y Marc
Vorsatz.

“Macroeconomic Consequences of International Commodity Price Shocks”, Claudia S. Gémez-
Lopez y Luis A. Puch.

“The Effect of Short-Selling on the Aggregation of Information in an Experimental Asset
Market”, Helena Veiga y Marc Vorsatz.

“Adult height and childhood disease”, Carlos Bozzoli, Angus Deaton y Climent Quintana-
Domeque.

“On Gender Gaps and Self-Fulfilling Expectations: Theory, Policies and Some Empirical
Evidence”, Sara de la Rica, Juan J. Dolado y Cecilia Garcia-Pefialosa.

“Fuel Consumption, Economic Determinants and Policy Implications for Road Transport in
Spain”, Rosa M. Gonzéalez-Marrero, Rosa M. Lorenzo-Alegria y Gustavo A. Marrero.
“Trade-off between formal and informal care in Spain”, Sergi Jiménez-Martin y Cristina
Vilaplana Prieto.

“The Rise in Obesity Across the Atlantic: An Economic Perspective”, Giorgio Brunello, Pierre-
Carl Michaud y Anna Sanz-de-Galdeano.

“Multimarket Contact in Pharmaceutical Markets”, Javier Coronado, Sergi Jiménez-Martin y
Pedro L. Marin.

“Financial Analysts impact on Stock Volatility. A Study on the Pharmaceutical Sector”, Clara I.
Gonzalez y Ricardo Gimeno.



	ABSTRACT
	RESUMEN
	1. INTRODUCTION
	2. CLIMATOLOGICAL INFORMATION
	2.1. The model
	2.2. Solution and theoretical results

	3. FORECASTING INFORMATION
	3.1 Case in which
	3.2 Case in which

	4. MONETARY GAINS
	Proposition 6: The monetary gain of a forecast defined as th

	5. CONCLUSIONS
	REFERENCES
	ÚLTIMOS DOCUMENTOS DE TRABAJO


