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THE VALUE OF CLIMATE INFORMATION

S.R. Johnson and Matthew T. Holit

Introduction

The existing system for sensing, recording, and reporting climatic
conditions has been develéped mainly in response to demands of specific
clients. Weather conditions provided for airline navigation, agricultural
production management, and severe storm tracking, are three examples. Thus,
the system for producing, storing, and disseminating climate data has strong
historical linkages to the demands of major clients and the sensing and
recording technologies available at the time of implementation. Locations of
first order stations at airports, the cooperator svstem, frequencv of
reperting, and the levels in the atmosphere at which data are recorded all can
be viewed as having a user based history.

With the advent of new sensing, recording, and reporting technologies,
and changing needs of existing clients and the entry of new clients, there has
been a continuing effort to justify economically the system supplying these
services. Climatic data are produced by the public sector and made available
at a highly subsidized user cost: that is, the data are public goods. To
provide an ecounomic rationalization for the production and dissemination
system, it must be shown that the rate of return, or benefit relative to
cost, 1s consistent with that available from alternative employment of
societal resources. For this calculation, the relevant cost and benefit
concepts are, of course, social.

The effort to justify economically the climate information system has
resulted in a number of research activities and suggested organizational

changes. One way to value the climate information system would be to make it



private in some way. This alternative would produce the service 1n such a way
that the market would automatically determine the value and allocate
resources. = This approach to valuation and resocurce allocation has recently
received lncreased attention as indicatéd by the initiation of user charges
for certain types of weather information and related services., Although still
at a preliminary stage, this approach to organizing the production and
delivery sSystem can be viewed as ''testing' the market for these services.

It is, however, important to recognize the market may not be efficient in
valuing climate information or allocating resources. Climate information is a
non-rival, non-excludable commodity. That 1s, two or more consumers can
simultaneously use the same "unit" of climate iaformation (non-rival) and it
is not, in general, possible to prevent certain groups or individuals from
using avallable climatic data (non-excludable), The implication is that the
market equilibrium is not optimal since the ecoaomic externalities of climate
informaticn are not incorporated into individual decision-making.
Theoretically, either an artificial market must be established (i.e., a system
that artificially assigns property rights for climate information) or a
soclally optimal tax-subsidy scheme must be impiemented if an efficilent
resource allocation to the c¢limate information system is to be attained
(Malinvaud 197!). Hence information obtained from testing the market must -be
viewed cautlously as an 1lnput to the design of a socially optimal climate
information service.

To compliement the market experiments, research has been undertaken to
develop more formal valuations of the climate information system. This
research 1s generally conducted in one of two primary areas., The first area
is related to determining the value of climate serviges, or specific

components of those services, for both individual decision-making units and



soclety as a whole. This appliea research is carried out with the goal of
actually assigning monetary values to the components of the climate
information studied. Applied studies of information value at the individual
decision level are the most numerous and the most cogent. The second area of
research has focused on developing appropriate methods for estimating
individual and societal values of climate information services, as well as the
appropriate methods for their measurement.

The present paper has the objective of reviewing the progress that has
been made in valuing the climate information system. First, selected concepts
from thé economics of information are reviewed. The intent 1is to provide a
general framework for amalyzing the valuation methods currently employed.
Then, selected studies which have estimated the economic value of particular
components of the climate information system are discussed. Of concern are
both the method of valuation and the results. This exercise-—comparing the
valuation theory with applications for the climate information system~- raises
a number of questions. Important issues posed by the questions pertaining to
design of valuation studies, privatization, and resource.allocation are then
examined. Finmally, a few observations are provided on the pfogress in
valuation methods and the potential for new analyses to improve the basis for

designing and organizing the climate information system.

Economics and the Value of Information
The economic theory of information value has progressed significantly in
recent years. With the development of the von Neumann-Morgenstern utility
hypothesis, and the refinement of decision theory under uncertainty (Arrow
1965; Pratt 1964), the integration of information theory into the mainstream

of economic thinking has occurred rapidly. In short, the development of
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uncertainty theory has provided a basis for reconciling a aumber of important
issues related to the value of information in society, iavestment in the
production of information, impacts on price determination, relationships
between information and prices, etc. (Fama 1970; Grossman and Stiglitz 1976;
Gould 1974; Hayek 1945; Hess 1982; Hirshleifer 1971; Kunkel 1982; Marscﬁak
1971; McCall 1965; Riley 1979). Two surveys of information theory which
provide an integration and synthesis of available results are by Hirshliefer
and Riley (1979) and Stigler (196l). The present discussion will review key
concepts from the theory which will be helpful in interpreting the available
empirical results on the value of c¢limate information and suggest a possible

framework for improving the generality and scope of future investigations,

Informﬁtion'and Individual Valuation

The approach in modern economic theory is to view information as a factor
in the decision process which can be used by individuals to reduce uncer-
tainty, A stylized individual decision model illustrating the central
concepts of the theory can be developed as follows. Subjective probability is
the key to the theory (von Neumann and Morgenstern 1944). Consider a set of
actions a = (l,...,N) and a set of possible states of the world s = (l,...,M).
.Consequences of these actions and states of the world c{a,s) are all presumed
known to the individual. Furthermore, the individual is assumed to have the
ability to rank the possible consequences of each action according to relgtive
desirability. That is, the individual is assumed to have a preference
telation vic(a,s)] defined over the set of possible actions and consequences,
The uncertainty is related to the probability of realizing the various states

of the world. Let the subjective probabilities for the individual be denoted



by p,- The individual is assumed to have a prior probability distribution on
the possible states of the world, The decision problem then is

(1) max Ef{u(a,s)] =71 P vic(a,s)]
s

where E[u(a,s)] is expected utility of the individual decision maker. Note
that if the decision maker is risk neutral, the utility méximization problem
is equivalent to choosing the action which maximizes the expected value of the
consequences. This, of course, follows from the fact that marginal utility is
constant in the risk neutral case, irrespective of the level of income. The
individuals subjective probability distribution on the states of the world can
be modified by the acquisition of information. Informatioa can be viewed as a
set of possible messages. These messages, denoted i={(l,...,I), provide the
basis for revising the probabilities associated with each state of the world.
This revisions process may, in turn, lead to a different choice of action.
Observe, however, that the decision maker does not know in advance which of
the possible set of messages will be received. This, in turn, implies that
the decision maker must determine a subjective probability q; of recelving
message 1. The probability a; is in turn vrelated to the conditional
probabilities or likelihoods 94 of receiving message i in each state s and

il

is determined by

2 . = .
(2) 93 z 1,5 Ps

s
where p, represents the previously defined subjective probability associated
with state s. Bayes' Theorem, in combination with the message probabilities
defined in (2), provides a basis for revising the probabilities attached to
each state of the world. More specifically, after receiving message 1, the

decision maker can determine the posterior probability of state s given

message 1 by
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Figure ! provides an illustrative example of a Bayesian revision for the
case of continuous s. The likelihood function shows the probability of
receiving message 1 given state s (i.e., qi,s). The prior probability
distribution defines the unconditional probabilities P assoclated with state
s before the message i has been received. WNotice that initially the
individual believes that relatively higher values of s are more likely, as
indicated by the position of the prior distribution. However, the likelihood
function shows that the probability of receiving message 1 is higher for
relatively low values of s. The revised or posterior probability distribution
then represents a composite of the prior distributoin and the likelihood
function as determined by Bayes' Theorem in (3). It is clear from (3) that
the more certain the prior beliefs, the more closely the prior distribution
will resemble the posterlor distribution irrespective of the values of a; and
qi,s' Intuitively, this suggests that the greater the level of initial
confidence pértaining to a particular state s, the lower will be the value the
individual attaches to receiving message 1.

Values of additional or new information (i.e., the message) are based on
the difference in the expected utility from the more informed decision
compared to the expected utility without the information. This difference in

expected utility, given the usual regularity conditions on the utility

functions, can be written as

*

(4) V. = Eiu(an,p

: ] - Eu(ao,psl

5,1
The information decision problem for the individual decision maker is then one

of comparing the two choices, a and a . Under the first choice, a , the
Q i n Q
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Figure 1. Illustrative Bayesian Probability Recalculation.



information or message 1 has not yet been received. Under the second choice,

2, the information has been received and processed in accordance with (3) to
*

form ps,i.

Observe that this illustrative valuation problem is ex post in nature.
That 1is, the valuation of information is made after the message has been
revealed. While this simplified version of the information decision problem
is useful and, in fact, characterizes much of the empirical work on
information valuation at the individual level, it 1s stressed that the problem
is not yet formulated as usually perceived by the decision maker.. The
information decision as typically encountered is an ex ante problem,

To formulate the ex ante information valuation problem, consider the
decision of the individual about additional or new information. The
individual in this circumstance would not know 1in advance the message to be
obtained. To simplify, assume that the individual purchases the information
from a vendor, Altermatively, this information.could be provided by a public
agency. If the information has no cost, then the value of the information can

be characterized by

(5) v' = qlula, b, ) - ula, p. D] = E(V.),
1

3 3

where the probability distribution, as indicated by the expectation, reflects
the uncertainty about receiving message i. Thus, the decision problem in this
extended context 1s one of summing or integrating over the possible messages

and associated probabilities.

Information and Market Valuation
While the decision problem for the individual can be developed, at least

in principle, straight forwardly, the market determination of information



value is much more difficult. Two issues complicate the market valuation
problem:

1) the equilibrium condition for the market and how this equilibrium
condition is modified by the introduction of additional information
and

2} the aggregation of individual respomses to produce the market level
supply and/or demand functions u;ed in establishing economic value,.

Of course, the ex ante-ex post decision problem still remains (Chol and

Johnson 1986).

Recent developments in raticnal expectations theory provide a tractable
way of closing models and determining market implications when participants
make decisions with imperfect information. Essentially, the rational
expectatioas hypothesis implies that individuals understand the basic
structure of the market in which they participate and act on that information
(Muth 1961), O©Of course there are other expectations theories, The rational
expectations approach 1s useful as a benchmark against which to compare
results of other expectations hypotheses and attractive for its consistency

-with the other behavioral assumptions included in the model specification
(i.e., expected utility maximization, etc.).

The results on closing models with rational expectations and developing
appropriate microfoundations for market equilibria when market participants
face uncertainty have only been recently developed (Newberry and Stiglitz
1981, Wright 1979), Many of these which have applied the rational
expectations model have evaluated stabilization policies in competitive
markets. They show that the benefits of intervention in competitive markets
result from the more stable environment provided for producers and/or

consumers, A modest extension of these results is to consider market
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intervention through added information about uncertain events, even if at a
cost to the participants.

To illustrate the above concepts, consider a simple case in which ¥
identical producers of a homogenous commodity face a random demand schedule.
The producers are presumed to make production decisions ex ante, before the
"realized" demand schedule 1s observed. The number of market participants 1is
also assumed large enough that the industry can be considered competitive. If
q represents the output of a single producer, then Q=Nq is industry output.

A general representation of the stochastic market demand function 1s given by

(6) P = P(Q,u), 3P/3Q < O
where p is a random variable with distribution function G(p). For a given
level of market output Q, the distribution function G(u) completely determines

a price distribution F(PIQ) and an expected inverse demand function
o e
(7 P (Q) =/ PAF(P|Q) = [ P(O,u) dG(y).
0 "o

In previous studies the risk averse producer has been assumed to have a
subjective distribution FS(P) of possible price outcomes {Baron 1970; Sandmo
19713 Leland 1972). 1In the present model, the rational expectations
hypothesis is used to argue that the distribution G(p) ultimately becomes
known to producers, That is, once producers make a subjective estimate Q%
of industry output Q, the subjective distribution Fe(P) = F(PéQe) 1s
completely determined.

Given the subjecfive price distribution Fe(P), a producer will maximize

expected utility of profit

(8) EU(r) = [ U[Pq - c{q)] dF°(P)
o}
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where U(+) is a von Neumann-Morgensteran utility function and c{(q) is an

appropriate cost function. Since the producer's optimal output q* depends on
. : . e . .

the subjective estimate Q , we can write optimal output as q* =q*(Q ).

Thus, industry output can be expressed as

(9) Qr = Nq*(Q%) = H(Q®).

The rational expectations hypothesis as used in this simplified context
implies that firms' subjective price distribution FS(P) will equal the

actual price distribution F(P) {(Choi and Johason i986). 0f course, at the end
of the period when market demand 1s realized, producers only observe the
actual market price and not a distribution. An important feature of the
present model is that firms can verify ex post the rationality of their
producticn decisions by comparing Qe with Q. Since F(P Qe) = F(P Q) if and
only 1if Q=Qe, the tational expectations hypothesis implies that market
equilibrium occurs only when actual and anticipated output are equal.

The above framework can be applied for investigating the market valuation
of information. As Chavas and Johmson {(1983) point out, a number of
interesting parallels exist between information theory and thg formation of
rational expectations. The exact nature of the linkage depends on the amount
of information available and its cost at the time the firm makes production
decisions. With additional information, producers could revise their
subjective estimates of the price distribution Fe(P), as well as their
subjective estimates of all relevant distribution parameters. Additional
information should, in general, improve resource allocation and enhance market

efficiency. However, even if additional information did nothing more than
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bring about a change in dispersion without changing the mean of the
distribution (Rothschild and Stiglitz 1970), we would still expect different
market results. The reason for this is that any change in the dispersion
parameter of Fe(P), even if the centrality parameter remains unchanged, will
affect optimal output decisions for expected utility maximizing producers.

Clearly, many réfinements and extensions can be made to the above model,
The simplified model is included only to suggest the complexity of the market
valuation problem. For instance, the model could be extended to include a
stochastic production process. In this case, q becomes a random variable with
a distribution conditioned on the level of the 1nputs., Producers would then
employ rational expectations to determine subjective estimates of the joint
distribution of P and Q. Not only does the rational expectation approach have
important implications for estimating the market value of information, but it
also raises unsettling questions about conventional valuation theory and the
empirical methods presently emploved in estimating market relationships from
ex post or observed market outcomes for use in valuation exercises,

Only recently has it been recognized that the usual producer surplus
measures are lnappropriate gauges of welfare under uncertainty {Pope et al.
1983}. By employing the above market equilibrium mechanism and the
appropriate microfoundations, the information valuation problem can be

addressed more systematically. The ex post-ex ante problem still remains, -

however. Most of the surplus measures used in economic theory of value are ex
post. Recently it has been shown that these concepts must be modified 1f the
information valuation problem is viewed ex ante (Choi and Johnson 1986)}.

More specifically, three commonly applied welfare measures are

Marshallian consumer's surplus and compensating and equivalent variations,
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Marshallian consumer's surplus 1s simply the area under the demand curve aad
will be explained more fully in the subsequent section. Compensating
variation is defined as the additional income necessary, after a price change,
to restore an individual to the original level of well being before the price
change. Equivalent wvariation is the amount of income necessary, after a
price change, to restore the individual to the original level of utility,
assuming that the initial price still holds. The distinction 1s that
compensating variation uses an "after-price change” base while equivalent
variation uses a 'before-price change' base. Willig (1976) has illustrated
under very general conditions that Marshallian consumer’'s surplus closely
approximates compensating variation. This fact, coupled with ease of
application, has resulted in the continued use of Marshallian surplus measures
in empirical valuation studies (Hayami and Peterson 1972).

An additional complication arises, however, 1f price 1s a random
variable. The most common approach in this instance is to recognize that the
surplus measures are also random variables and that their expectations will
provide an indicaticn of average benefits accruing to an individual {(Waugh
[944), Recently though it has been shown that these concepts must be modified
if the information valuation problems is to be viewed ex ante. In particular,
it has been demonstrated that expected Marshallian consumer's surplus (and,
cousequently, expected compensating variation) is a valid welfare measure only
in the special case when marginal utility of income does not depend on price
(Turnovsky, Shalit, and Schmitz 1980; Rogerson 1980). Even with these clear
conceptual problems, expected Marshallian consumer's surplus is still widely
used (e.g., Burt, Koo, and Dudley 1980; Taylor and Talpaz 1979).

Several authors have proposed mezsures to correctly determine consumer

benefits in a stochastic setting. In particular, Anderson (1979a) and Helms



14

(1985) have argued that ex ante compensating and equivalent variations are
improved measures of consumer benefits when price is a random variable. These
ex ante measures are appropriate for evaluating climate information. The
relevant compensation experiment is to determine how much income the potential
user would be willing to forego in exchange for the information service before
the outcome 1is known.

The expectations af Marshallian consumer's surplus measures typically
applied in value-of-information studies {(i.e., Bradford and Relegiam 1977) are
ex post and flawed if the problem is in fact ex ante. For instance, expectad
compensating variation is the amouat of money income necessary, oan average, to

_compensate a consumer for facing prices in a no-ilnformation regime if the
compensation 1s paid after the random price is observed. (Clearly, this
measure does reflet the willingness of the individual to pay for an
information service before observing the actual price outcome,

Although ex ante compensating and equivalent variations are appropriate
welfare measures in a stochastic price setting, these measures have limited
practical value. They require information about the risk attitudes of
consumers and about the ordinal properties of the direct utility function.
Alternatively, Hausman (1981) has shown that compensating and equivalent
variation measures--and consequently the expected values of these
measures——can be recovered from many common forms of estimable demand
functions (e.g., linear, double log, etc.). These features of e#pected
consumer's surplus measures may explain their continued use in empirical
valuation studies. Choi and Johnson (1986) have provided further
justification for the use of expected equivalent variation in empirical

applications. They show that expected equivalent variation and ex ante
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equivalent variation are identical 1if the individual is risk neutral. More
importantly, they demonstrate that expected equivalent variation provides a
lower bound for ex ante equivalent variation when individuals are risk averse
in iancowme. These favorable aspecés of expected equivalent variation suggest

it will be more widely applied in future studies of information value.

Impact Assessment Séudies

The complexity of the valuation problem for climate infromation has led
to a nubmer of exploratory or more descriptive research efforts. In general,
the goal of thse descriptive studies 1is to determine the impact of a cliamte
related event for a particular segment of the economy or society, For
simplicity this broad category of descriptive studies have been labeled impact
assessments., An example of am impact assesgment 1s provided by an exercise
conducted by Womack, Young, and Johnson (!985). They assessed the effect of
the 1983 drought on the U.S. farm economy and concluded it caused a 24 percent
decline in net farm income in 1983 relative to '"nmormal" weather conditiouns.
Another group of studies included as impact assessments are those attempting
to infer causality between climate or weather related events and social or
economic indicators such as prices, retail sales, unemployment rates, etc. An
illustrative example of this kind of study is by Roll {1984} who examines the
causal relationships between temperature and rainfall near Orlando, Florida
and the prices of frozen concentrated orange joice futures coatracts. Other
studies have investigated causality between climate and sociceconomic
indicators using modern time series methods (Fomby et al. 1984).

These descriptive impact assessment studies have a number of limitations
if used as a basis for valuing weather forecasts. For instaace, knowing that

last vear's drought cost U.S. farmers $6 billion in foregone income does not
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provide conclusive evidence about the value of long- or short-term weather
forecasts for agriculture. Nor does this type of result help decision makers
allocate resources to weather forecasting. Of course, part of the problem
with the use of these descriptive studies in public or private decision making
is identifying the beneficiaries of climate information. For instanée, not
only farmers benefit from a long-term weather forecast. Input suppliers,
marketing firms, consumers, and evea government agencies, Lo name but a few,
might all be concerned about the prospects for favorable growing conditions,
More importantly, these studies are, without exception, ex post,

Even though descriptive studies may be of little use in establishing a
value of the system for sensing, recording, and disseminating climate
information, they are not without merit, In fact, most of these studies are
not so naive as to claim to establish a value ofrclimate information or for
the system generating the information., Although they are sometimes used as
indicators of the dimensions of costs and benefits involved in climate
forecasting for public policy, the principle worth of Lmpact assessment
studies is descriptive,.

In a descriptive sense, lmpact assessments are useful in developing
estimates of the potential uses of climate informatieon and for isolating the
effects of climate conditions on observed socioceconomic behaviors. In the-
latter case, by observing how and when climate information is being used, or
how this information impacts the process of interest, improvements in the
delivery system for climate information can be made. An improved
understanding of the linkages between the climate and economic or social
phenomena can also result in the design of a better framework for estimating
the value of climate information. Thus, results of impact assessment studies
are perhaps best viewed as intermediate products in the valuation

process.
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Review of Selected Studies

In recent years a number of studies have attempted to value climate
information and/or particular weather information systems. The studies
examining these and related issues are numerous and space prohibits a complete
enumeration. Mauﬁder (1970) and McQuigg (19753) provide more detailed surveys
of c¢limate impact assessments and climate forecast valuation studies. OQur
objective is to briefly highlight selected studies illustrative of the kinds
of issues examined and the methods used to value climate information. 1In
addition, emphasis is placed on the studies which have provided actual value
estimates of improved climate information. As already indicated, the
literature on the value of climate information generally falls into three
broad categories:

1) the value of climatic information to individual decision makers,

2) the value of climate information at the market level, and

3) the identification of possible causal relationships between climatic

impact variables (rain, wind, temperature, etc.) and various economic

performance measures {prices, sales, etc.).

Individual Decision Applications

Of the three areas, primary research emphasis has been placed on valuing
climate information at the individual decision-making level. Individual
valuation studies are, as previously mentioned, generally couched in a
decision theory framework. The individual 1s assumed to play a game against
nature and to have probabilistic information about the possible outcomes., The
game theory or "cost-loss ratlo situation" approach generally assumes that
decision makers must choose one of two actions: protect am activity or

operation at a known cost or face the risk of, perhaps catastrophic, loss.
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The Bayesian approach assumes -the decision.maker has knowledge about the
conditional distribution of the forecast(s) relative to each state of nature
(Anderson et al. 1977). The initial probabilities for each state of nature
can then be revised in accordance with Bayes' Theorem. In all cases the
decision maker is assumed to choose the action maximizing expected returus
(minimizing expected costs) or maximizing expected utility,

Table 1 summarizes a number of applied studies which have examined the
value of climate information for individual decision-making units. Studies
which have used a Bayesian framewor? for analyzing the value of climate
information include those by Baquet, Halter, and Conklin (1976); Katz, Murphy,
and Winkler (1982); Stewart, Katz, and Murphy.(l985); Hashemi and Decker
(1968); and Byerlee and Anderson (1968). Anderson (1979b) and Lave (1963)
have specifically used a "cost-loss" or game theoretic approach in valuing
climate information. Additional studies have determined the value of weather
information to individual decision—making units by using less structured
subjective measures. These studies typically iavolve surveys of users in
which the respondents are asked to place a subjective value on an information
service. An example is the survey by Ewalt, Wiersma, and Miller

(1973).

Market Applications

While studies investigating information value to individuals are
numerous, far fewer inquiries of the social value of climate information have
been made. Most of the studies assessing the social value of information use
ex post Marshalliaﬁ surplus or benefits measures. It 1s assumed that
producers and/or consumers make economic decisions with uncertainty about the

possible outcomes. The benefits of information result either because markets
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{cost=loss}

Banef Il tCost
ratios

The value of perfact
three-week forecasts Is
$90.95 per acre., Par-
tial equlllbrium analy-
sis shows that lndustry
protits #all with
Improved weather
forecasts.

Value of climate Infor-
mtion depends on
ablilty of user to
ettactively translate
such Enformation Into
economic terms,

By utiiizing current

weather Informatlon and
probabll ltles of future
waathar events, result
In Increased returns of
$1.48 to 3,99 per acre,

Savings levels vary
dependling on the condi-

tional probabliity of a

"bad" cutcome glven
that an unfavorable
outcoms has been
predlcted,

Beneflt-wst ratios of
meteorologlical fore-
casts to many indus-
fries excaods 15 to 1,

[alvd
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Ciimte Climte Impact Informatlon Yalue Yaluation
Invastigators Subject Characteristics Var jables Concept System Method Conclusion
Maunder (1968) An econoclimatic Ralnfall, Canadian monthiy Climatic index Market Accounting A one standard devi-
model for Canada Mean Tompera- retall sales walghted by {Causal) ation In temperature
ture and Sun- population balow the mean could
shine resulit in a $1.7 mililon
Increase In home heating
oll sales, S5imllar
rasults were obtalined
tor other items.
Byeriee and Yaluva of raln- Ralnfall Wheat yleid through Praedictlon of Individuat Bayaslan, Values of ralnfall
Anderson (1969) falt predlctors nitrogen, raintail, annual ralntall lax ante) expected profit predlctors ranged
In wheat yleld soll moisture Inter~ trends maximization trom 0,3-36,0 cents
response func- actlons per acre,
tlons
Freebarin (1976} Value of com— - Supply rasponse |s Improvement In Market Marshal | lan Potentlal gross beneflits
mdity price a function ot pro- the accuracy of Surplus for wool, lamb, wheat,
outiook infor- ducer prlce fore- commdlty price barley, and potatve
mtion casts In previous forecasts markets In Australla
periods was at Jeast 1% of the
gross value of the
commdity,
Antonovitz and Value of rational - Supply response Is a Forecasts of the Market Marshal | fan Tha average ex ante
Roa (1984) expectations tore—~ function of the moan and var lance Surplus value of the rational
casts In the fed expected moan and of market price expectations forecasts
beaf mrket var lance ot price varsus ARIMA forecasts
was 3,21 per owt, over
tha 1970-80 peclod In
1972 dollars,
Womack, Young, Efttect of abnormai - Ylelds ot major Departure of Market Impact Assess~ Model solutions were

and Johnson (1985}

waather on the U,S.
agrlcul tural emnomy
over the 198386
per fod

U.5. teed and tood
grains

ylelds from trend

mont

calculated for c¢rop and
1 lvastock markets
assuming normal (trend)
and actual ylelds, The
departure from frend in
1983 signlificantly
altered prilces, produc-
tlon, carry over, on-
sumption, etc.



Table 1. (Contlnued}
Climte Cllmte Impact Intormation Value Yaluatlon
Invastigators Subject Characteristics Vartables Concept System Method Concluslon
Bradford and The vatue of -~ Wheat Inventory Wheat crop Market Marshaltlan Foint estimte of the
Kelajlan (1979) wheat crop fore- adjustments forecasts surplus annual loss to the U.S.
cast Information sconomy of less than
in the U,S, porfact wheat crop
forecasts Is 364
milllon (1975 dollars),
Hayaml and Peterson The marglinal - Production and Reduced sampling Market Marshalllan Marginal benafit-ocost
{19712) saoclal returns inventory adjust- error contalned in Surplus ratios assoclated with
to Improved crop ments USDA survey a 0.5 percent raduction
and tlvestock in sampting error were
statistlcs found to be betwaen 600
to 9 and 100 to 9,
Maunder (1966) Ctimatic Ralnfall, Butterfat produc- Climatic varlation Indlvidual Accounting A standard der|vatloa
var tations and Temperature, tion, wool per ace, Indices Aggragates (Causal) departure from monthty
agrlcul tural and Sunshine crop and frult ylaelds -average ralnfatl,
production In temperature, otc. an
Now Zealand butterfat production
resul ted 1n returns of
+ 32,2 to £ 35,6 per
cow, Simllar results
wora obtainad for other
products,
Rolt (1984) The effects of Temparature, Leve! and Temperature and Market lnformatlonal Prices wore slignlfl-

woeather Intorma-
tlon on near-
term orange Julce
futuras prices

Preclpltation

varlabllity in
oranga Julce
prices

ralntall forecast

errors

processing
abllity

cantly Impacted by
temperature foracast
errors, Weather
explalins only a smali
portlon of total prilce
varlabllity,

77
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have a temporal dimension (i.e., inventory levels are adjusted) or because
economic agents have the flexibility to adjust to new (better) information.
Figure 2 illustrates how the Marshallian framework is typically applied
to estimate the social returns from improved climate information when markets
are temporally linked. Arbitragers must decide the level of inventories to
carry forward from period one on the basis of expecﬁations about production in
the second period. If it were known that quantity Q1 would be produced in the
first period and quantity Q2 in the second period, then social value would be
maximized by choosing an inventory level equating prices in the two periods
{in the absence of storage costs and time preference for money). That is,
the optimal inventory would divide total output (Ql+ QZ) equally between the
two periods. Now, suppose égents do not know Qz—-perhaps due to stochastic

climatic onditions~-and iastead must use Q which dif fers from Q2

2,1’

by a forecast error €,e Arbitragers witll then hold in imventory an amount

equal to (Q1 -0 - EZ)/Z, which is 52/2 less than the amount (Ql - Qz)/z.

2,1
That is, 1f €, is positive, too little inventory is held.

The dollar loss in consumption in period 2 is given by the hatched
trapezoid in Figure 2b. This area shows the extra consumption value of
perfect foresight. Period 1 consumptiom is correspondingly larger than it
otherwise would have been, with the resulting dollar gain due to the
additional consumption equal to the hatched area in Figure 2a., Since demand
is nonrandom, the net loss in value relative to what would have occurred with
a perfect forecast is given by the area of the rectangle with base €, and
height 852/2 where -8 is the slope of the (linear) inverse demand function.
Thus, the net social loss is Be%/&. An analogous argument holds when €, is

negative. Assuming that E(Ez) = (0, the expected value of the social loss is

given by 802 /4 where o? represents the forecast error variance.
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Increasing the accuracy of the forecast (i.e., reducing the forecast
error variance) can be evaluated to determine the marginal social benefit
of improvements in forecasting accuracy. A similar framework can be used to
evaluate the social benefit of improved intraseasonal forecasts when producers
have the flexibility to adjust production responses to the new informatiocn.
Various forms of the above approach have been used to value information for
crop and livestock forecasting systems, e.g., Hayami and Peterson (1972),
Bradford and Kelejian (1977, 1978), and Freebairn (1976). (See Table 1).

Only a few studies have attempted to directly estimate the social value
of climate forecasting. The studies by Mason (1966) and Maunder (1966) féll
itnto this category, although Maunder did not attach a numerical value to the
¢limate information. In addition, the only study conducted in a rational
expectations framework is by Antonovitz and Roe (1984), although their
analysis did not focus on public policy. Lave (l963) also examined the
potential worth of improved forecasts for the raisin industry. His conclusion
was limited to the argument that better forecasts would result in larger
output and, because of the inelastic nature of raisin demand, prices and
revenues would fall. He did not estimate consumer benefit. Mason used
intuitive estimates of benefit-cost ratios to analyze the social value of
climate information in England., Clearly, considerable room exists for
improving the estimates of the social worth of climate informatiom. In
addition to the theoretical problems identified in the previous section,
market valuation studies have also been hampered by the fact that climate
information is a publically available good and that a diversity of groups use
climate information. This means that it 1s frequently difficult to account
for all of the benefits which result from even a single climate related

prediction.
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Assessment

The final category of applied research concerns possible causal
relationships or linkages between weather and observed market or social
phenomenon. Examples are the studies by Maunder (1968); Roll (1984), and
Womack, Young, and Johnson (1985) in Table 1. These studies do not estimate
the value of climate information but instead investigate how markers respond
to information about changing climatic conditions. Maunder found that retail
sales of various consumer goods in Canada were significantly related to the
level of precipitation, mean temperature, and suashine. Roll concluded that
nearby orange juice futures prices were significantly affected by temperature
conditions near Orlando, Florida, although temperature seemed to explain
little of the total volatility in price movements. Womack, Young, and Johnson
studied several weather scenarios on the U.S. crop and livestock economies.
The shocks caused by the [983 drought were substantial and in many instances
several years passed before the resulting disruptions to the time paths of
endogenous variables appeared, These assessment studies are valuable for
their descriptive content and they may be helpful to decision makers, but
again they are only useful to the extent that adjustments can be made to

changing weather information.

Valuation Puzzles
The review of selected empirical value-of-climate information studies and
the brief sketch of the theory have suggested a number of problems or puzzles.
I1f resolved, these valuation problems or puzzles represent opportunities for
improving the scientific basis for designing climate information systems. The
discussion of these puzzles or issues 1is nof intended to imply that the

process of providing a more systematic basis for valuing weather information
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is beyond reach, but instead that there is a broad opportunity for
improvement. Of course, in any decision context (and if there is anything to
be learned from the information and decision theory) the objective is to
proceed with the best available data and theoretical concepts. Never will
both be perfect. Changes in the perceptions of the valuation problem, the
institutional setting, the available teéhnology, and many other critical

factors will keep valuation analysis in a constant state of flux,

Measurea of Information

From the survey of applied valuation exercises, 1t 1s apparent that
climatic information is rarely used in the form observed or reported. That
is, the climate data as observed, recorded, and reported have Cime and space
dimensions. Frequently, transfer functions are applied to these time and
space dimensioned data trm process them into a2 form consistent with individuatl
informatilon requirements. Examples include crop yield models, wind chill
indices, short-term and long-term forecasts, degree days, soil moisture and
temperature, etc, In assigning a value to climatic information it 1is
ilmportant to recognize that there can be a confounding of the "information"
implicit in the transfer functions with the observed or partially processed
climate data provided by the system under study. That is, the value of
climate information includes the value of the raw observations as well as the
value of the information that underlies processors used to transform the data
into a usable form. It may, in fact, be impossible to disentangle the value
of the original or unrefined information from the transformation processes.

Who should assume responsibility for the development of these transfer
functions and how are the priorities for developing these functions to be

determined? Relatedly, are the transfer functions necessary because the
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system has been designed for purposes other than those of the present users?
These and other questions are important for valuing climate information and
for developing an appropriate scope for both public and private weather
information services.

Presently, it appears that the U.S. climate information system follows a
middle of the road approach in regard to these questions. That is, some
processing of information and developmental work on transfer functions aimed
at parficular ¢lients is accepted as the respbnsibility of the public agency.
Alternatively, there are a number of individuals; organization, and firms
privately processing the data provided by public information agencies to make
1t more useful in specific decision contexts. Of course, public
organizations, including state—supported universities, also play a role in
processing climatic information for specific public uses. Clearly, decisions
about public and private responsibility for tramsfer function development and
primary data collection will continue to have an important effect on
assessments of the value of climate information, as well as on the design of

the national climate information system.

EE_éEEE_Versda Ex Post Valuations

It is necessary to determine prior to the investment in an information
system, whether the benefit will be greater than the cost. The readily
available data on individual and market response to climate information,
however, are largely ex post. Applying the appropriate (ex ante) valuation
theory will be difficult at best since the majority of applied valuation
studies rely on passively generated data {i.e., data not obtained in an
experimentally controlled enviromnment). Common forms of surplus measures

(Hayami and Peterson 1972; Bradford and Kelejian 1978) ignore the obvious
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problems associated with using ex post secondary data to infer value. It is
well understood that actions ranked on the basis of ex post measures of
consumer and producer surplus cannot be similarly ranked by applyving the same
measures ex ante (Anderson [979a, Helms 1985). These observations on
valuation at the market level render most of the existing empirical results
questionable, |

The implications of this ex post versus ex ante conflict are, however,
not all negative, Instead, the concepts suggest more constructive ways of
proceeding with applied research in the valuation problem. Subjective
probabilities should be elicited from potential users. A new set of
subjective probabilities should then.be elicited, after the respondents have
altered their initial beliefs on the basis of new or additional information.
If the message to be received is uncertain, then probabilities assoclated with
possible messages should be estimated as well. In short, problems with ex
ante valuation simply suggest the use of different types of data and different
modeling approaches. These data, in general, cannot be obtained from
secondary sources, The investigations using passively generated data are
inexpensive but, as is becoming increasingly apparent, provide valuation

estimates that are flawed.

Utility and Expected Utility Maximization

Most of the applied studies of the value of weather information in an
individual decision context use Bayesian methods. These methods incorporate
highly restrictive utility concepts., Only recently have utility functions
which do not incorporate these very restrictive assumptions about attitudes
toward uncertainty been applied in valuing climate information. Assuming that
agents have concave utility functions, there 1s reason to believe that

individuals are generally risk averse. The idea of risk aversion is critical
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to the value of information. It suggests, for example, that information which
causes a decrease in the dispersion of the probability distribution on the
states of the world has value. These benefits of information can not be
reflected with linear utility functioms, or expected profit functioms, as
implicit in many Bayesianrapplications.

A problem for applied work which attempts to accurately estimate the
value of climate information is that if risk aversion 1s not incorporated, the
information will be systematically undervalued. Clearly, much of the climatic
information currently provided is intended to improve the reliability with
which future climatic events--or the probable outcomes of physical processes
that depend on climatic events—-can be anticipated.' if the effect of this
information 1s simply to provide more reliable estimates of future events,
then the major benefit of the information will be associated with reduced
uncertainty. Thus, 1t 1is necessary to evaluate the implications of improved

weather information for risk averse decision makers,

Short— and Long-Term Valuations

Much of the economic theory and applied work on information valuation
have concentrated on short-term decisions. As 1s becoming increasingly
apparent though, an important benefit of a climate information system is to
provide a capacity for anticipating longer term events. In fact, some of the
more successful applications of c¢limate information 1n economic contexts have
been associated with the prediction of events which have occurred over long
time spans (Glantz 1977; Rassmussen 1986).

The long-term valuation of information is more difficult even within the
present theoretical framework. Present versus future trade-offs of benefits

and cost provide an unusually difficult problem when decisions are made under
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uncertalinty. For instance, an important prdblem is to determine the
appropriate social time discount factors. Whose time discount factors should
be used; those of the present generation or future generations? Under what
conditions is it possible to aggregate over individual decision-making units
to obtain a social discount factor? These and other questions related to the
methodology for valuing long-term climate information will lead to a new

agenda of theoretical and applied research.

Distributional Effects

Decisions about the public production and dissemination of climate
information frequently incorporate distributional concerns. For ianstance,
individuals . in agricultural markets serviced by weather information systems
may benefit relative to other less informed participants. On what basis can
soclety determine the relative utility of benefits generated by the supply of
climate information among individuals, and groups of individuals? These are
very complicated questions and ones that cannot be easily resolved within the
current economic framework. It may, in fact, be that many of the individual
benefits of i1nformation may wash from a societal standpoint. Having better
informed grdups of market participants, for example, may simply result in a
redistribution of income, leaving total social well-being unaffected. Ther
whole area of social welfare and distributional effects has been a pricklyl
issue in economic thought for a long time. But for policy decisioas,
particularly in the design of public services, such problems cannot be

dismissed without inviting future difficulties.
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Public versus Private Information Systems

The design of the U.$. climate information system is the result of a
number of deliberate decisions, natural crises, and other factors. Current
and future discussions must be concerned with the appropriate division between
private and public responsibility. These questions on public versus private
responsibility are usually decided by economists on the basis of efficiency.
That is, caan the public agency provide the information more efficiently than
individuals in the private sector? When does the market system fail,
resulting in a welfare gain from public intervention? Having established the
market, which, if any, components of the public sector's responsibility should
be transferred to the private sector? Given the changing technology for
sensing, recording, and distributing forecasts from the weather system, this
issue will continue to evolve.

The difficulty in determining the appropriate division of private and
public responsibility is also related to the tramsfer function question. All
individuals who are users of climatic information must, in one fashion or
another, specialize the information to their individual decision needs. These
individuals may develop their own personalistic transfer functions or invest
in transfer technology that can be shared. To what extent can this
specialization be accommodated given the public-private split in

responsibility for information services?

Impact Assessments

The descriptive work on impact assessments can be viewed from several
standpoints. Unfortunately, it 1s not always clear which of these, if anvy,
objectives have guided this research. One alternative 1s to provide

descriptive information for developing appropriate traasfer functions or
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improving the design of valuation pfoblems. Of course, these conclusions are
dependent upon the current design of the system. From the results of impact
assessments involving causal linkages between climate and other observed
phenomena, it is possible that researchers can improve the framework for
studying information system design and valuation problems. It is emphasized,
however, that since these results are conditioned on the current information
system, they are likely to simply reinforce the status quo.

A second way to view these descriptive studies is as a means of short-
cutting many of the complexities of the formal valuation problem. Simply put,
the intent is to show the association of information on climate with observed
economic or social activity. Since these assessments essentially represent
reduced forms of highly complex systems, care should be taken in attaching
causality., It is likely that the linkages between market-determined outcomes
and weather data are a result of a system of transfer functions and social and
iadividual values., Thus, these impact assessment studies should be viewed as
simply indicating gross assoclations between market or social activities and

climate~related information.

Concluding Observationa

Our objective has been to provide an assessment of the results on the
valuation of climate information and the methods currently used for developing
these valuation measures. A major conclusion in both iastances 1s that the
refinements and extensions in decision theory present an opportunity for
making important advances in the valuation problem, These advances may lead
to workable structures and methods for developing measures of value from a
market or societal perspective. From an economic standpoint, these valuation

measures require assumptions that are only beginning to be fully understood.
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A flurry of activity in the market valuation area is likely as the uncertainty
and rational expectations theories are merged in information valuation
studies.

A second conclusion concerns the measure of information and, perhaps more
importantly, the way data from the climate information system find their way
into use in economic and social activities. Much of the work on the value of
¢limate information 1is implicitly related to the value of this information as
an input into transfer functicns -—- functions which include extensive types of
prior and empirical information not related to weather, e.g., plant simulation
models. Thus, if we are to provide an improved basis for valuing the system,
the role of these transfer functions and their implicit information content
must be more clearly recognized and incorporated. The explicit introduction
of transfer functions into valuation analysis becomes especially difficult
when private versus public generatlon and delivery systems are contemplated,

A final note is in order, albeit brief, about iﬁpact assessments. This
ts a valuable activity if it is properly recognized as descriptive, More
descriptive information must be accumulated to assist ia identifying causal
linkages. However, assessments must be regarded carefully in valuation
contexts since they invariably support the existing information system design.
That 13, impacts are conditioned by the informatiom supplied. To use these
valuation results to design the production and delivery system for climate
information is circular. These impact assessments are especially troublesome
problems in an ara of rapidly changing technologies when simple measures of
performance are desirable. The valuation problem is difficult. But the costs
of not addressing it directly can be high, both for economists, who must
ultimately advance the theory of information, and for those directly involved

in planning and designing current and future c¢limate information systems.
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