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ABSTRACT 

This papar suggests a method to evaivate the economic benefits that may resuft from lhe availabliity of a 
meteorological forecast service that improves over lhe cilmatology. The method is based on lhe aggregation of lhe 
end-user benefits. Those are estimated by a simpie model based on the classical cost-loss ratio paradigm with an 
additional structure where lhe quality of lhe forecast is explicitly represented by means of a skill score index. A 
numerical example illustrates the method. 

LINTRODUCTION 

A modern nationwide weather and climate forecasting center may represent a substantial investment, specially for 
a thIrd world country where such a project would compete for scarce financial resources with many other priorities. 
As a consequence, proponents of similar projects are usually required to present quantitative estimates of its 
expected economic and social returns. Even though lhe literature is rich in arguments and evidences to show that 
lhe cost-benefit analysls of such a project tends to be highly favorable to II, those are either qualitative or drawn 
upon lhe experience of countrIes or reglons whose simIlarities with the case at hand may be ioose. In fact, ft is 
reasonably clear that lhe potential benefits associated to a particular proposed Center will depend on quite specific 
characterlstics as lhe profile of lhe economic activities that may be positively impacted by the provided information 
and lhe quality of such Information. 

The task of estimating benefits in detail may be a formidabie one, specially In an environment where data are 
poor. The alternatIve may be a gross estimate based on lhe judgement of experts, guided by some sort of modal or 
analytical framework. 

The sImplest way of envisioning lhe vaiue ata forecasting Center to a soclety Is probabiy as lhe summation of lhe 
expected values lhe information provided by lhe Center would have to each individual In lhe soclety that effectively 
makes use of it. This, of course, would represent just a first order estimate, as it is weill known that those benefits 
would propagate In a cascade over lhe economy as a whole. The simplest analytical framework to evaivate lhe 
economic benefits lhe forecast wouid have to a particular end-user, on lhe other hand, is probabiy lhe cost-loss ratio 
model originally explored by [1]. 

The present work first re-vlsits lhe cost-loss ratio model, proposes and explicitiy Introduces a measure of lhe 
quality of lhe information provided by lhe Center and derives an analytical expression for the economlc-benefit lhe 
Center wouid have to a particular end-user. This Is done In section 2. Section 3 addresses lhe aggregatIon probiem, 
suggesting a procedure which expioits lhe results of the previous section. A simpie numerical example illustrates lhe 
procedure. Finally, section 4 Is devoted to a few concluding remarks. 

2.THE END-USER BENEF1T 

In lhe well-known cost-ioss ratio model (e.g.,[1], [2], and 131)  lhe end-user Is modeled as a declsion maker whose 
economic activity may be affected by an adverse meteorological event E. Protection against such event is avallable 
at a cosi C and lhe decIsion maker hours a loss L In the case he decides not to protect and lhe event does occur 
(O<C<L). 

The following notatIon(*) is empioyed throughout this paper: 

E = lhe event that representa a meteorological condition which affects negatively lhe decision maker; 

• 'fie probability notation used hem is lhe one employed by Professor Ronald Howard and lhe Stanford Rewarch Institute Deeision Analysis 
Group (see 
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L -- the economic loss the decision maker incurs when E occurs and no protective measure has been taken; 

C = the cost of protectIng against E; 

{E 1 SI = the probability of E occurring given lhe state of information S; 

So = the initial state of information; 

p = {E I So} = the prior probability of E; 

For a random varlable x: 

{x 1 S} 	either lhe probability density function or lhe probability mass function of x ,conditional on the state of 
Information S, dependi:1g on x being either continuous or discrete; 

<R S > = the expected value of x, given S; 

The decision theory [4] establishes that a rational decision maker should act so as to maximize lhe expected 
value of his ( Von Neumann-Morgenstern) utility function of the econonnic otitconws To make nnatters simpler, II is 
usually assumed In this context that the end-user will maximize lhe expected value of the economic outcomes, 1.e., a 
linear utility function is assumed. It follows that the optimal decision will be to protect if and only if {E 1 S} > C/L. 

In thls case the decislon makers expected reward will be: 

<RIS> = 
	-C 	 when {E 1 S} > C/L 	

(1) 

-L{E 1 S} 	qtherwise 

The benetit due to toreca st 

Suppose that, Initially, the decision-maker bases his decision on the prior probability {E 1 So} = p. The 
Forecasting Center now offers iiim an estimate f for the probability that E will occur. In what follows it will be 
assumed that: 
(a) The decision nnaker trusts the forecast, adopting f as "his" new probability estimate, i.e., {E 1 So,f} = f 

(b) The Forecasting Center is rdiable, in the sense that it is confirmed "a posteriori". This may be represented 
by {E 1 So  ,f}v = f , with the v subscript being used to Indicate the "verified" probability as opposed to the 
IndivIdual's subjective estImate(**). It is also assumed that the prior estimate is rellable . 	1 Sol,/ = p. 
The economic value lhe Forecasting Center will have to this individual may be defined as: 

V (f;p) = <RI  So,f >- < R 1 So > 

Resulting In the following expressions 
o 
(p  

V(f;p) 	
- C/L)L 

= 
(C/L - 

(13  - 

if f 	C/L and p C/L 

if f C/L and p < C/1 

if f < C/L and ri C/L 

if f < C/L and p < C/L 

(2) 

1~11~1ffirratian 

The quality of the information provided by Forecasting Center on focus may be represented by its forecasting skill 
and may be brought explicitly into lhe analysis by means of a skill score index, ff is used here the one suggested by 
[6]: 

I = (Sf - Sp) / (1 - Sp) 

*. The distinction between the decision maker's and lhe verified probabilities might be omitted here, under lhe reliability assumption. Nevertheless 

it does call one's attention to a point that, on the authors' view, is instrumental for analyzing more general situations. 
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where 
S = 1 - <RPS>12 

and < RPS > is the expected value of lhe Rank Probability Score as defined by [7]. In lhe specific situation at hand, ft 
turns out that 

Sf = 1-f(1 -1)12 

Sp = 1 - p(1 - p)/2 

resuiting 
I =E ID( 1-  13) - 	 f))/[ PO -  PA 	 (3) 

it is worthy noting that, in this case,the skill score index corresponds to the relative reduction in the variance of 
the Bernoulli random variable associated with event E, as one goes from p to f. There are two values of f that satisfy 
equation (3) for given 1 and p: 

( 1 -i- [1 -4(1 -1)p(1- p)j 112 )/2 
	

(4) 

and 
(5) 

it is easy to check that : 
f- 	p 	1+. 

The two soiutions above must, of course, satisfy the following probability Identity: 

{E 1 So} = {E 1 So,f +}{f+ I So} + {E So.f-}{f. I So} 

Defining r = {f +  1 So} ( which implies that [1-r] = {f. 1 So}) one obtains: 

r = (p + 1+ - 1)/(2f - 1) 	 (6) 

Variable r represents, given prior probability p and skill score 1, the likelihood of the forecasted probability being 
f+ as opposed to f_ 

it can be shown that the expected economic value the forecast would have to the end-user can now be written, 
per unity of potential loss, as: 

max[f C/L;0]r 	 if p<C/L 
V(p;f 4-;r)/L= 

max[C/L - (1- f+);0](1 r) 	 if p 	C/L 

which in view of (6) turns out to be: 

 

max[f - C/L;0](p 	- 1)/(2f 4— 1) 

max[C/L - (1 - f +);0](f +- p)/(2f +- 1) 

if p <C/L 

if p 

 

V(p;f +)/1_ = (7) 

    

where max[x;y1 stands for the function that picks the greatest between x and y. 
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In view of (4), resurt (7) actually expresses V/L as a function of the prior probability p and of the skill score I. 

Figure 1 Mustrates the solutions for C/L — .2 and Cit. — .5. 

Figure 1 -The value of the forecast per unit of potential loss, as a function of 
Lhe prior probability p and of the quality index I, when the costloss 
ratio equals: (a) .2 and (b) .5 

It follows Immediately from (7) that the maximum theoretical value of VIL will be .25, corresponding to a situation 
of perfect skill (I =1) and greatest initial tinCertainty (p= .5). This can be confirmed in Figurei. 
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3- THE VALUE OF A FORECASTING CENTER 

As observed In section 1, the econonue value of a Forecasting Center can be computed, to a first extent, as the 
summation of the end-user benefits over Lhe entire customer population. In what follows, a simplified way of 
aggregating those values Is suggested. 

Let VT represent the total value aggregated over a given universe of cases, and LT represent the total potential 

loss associated with those cases. The following relation is an identity: 

VT = <V>/<L> LT 

where <V> and <L> represent, respectively, the mean values of V and L over the considered cases. 

Under appropriate conditions(*), it can be shown that 

	

<VIL> = <V>/<L> 	 (8) 

This equivalence Implies the following expression, which turns out to be a useful approximation for assessment 
purposes: 

	

Vi' = <VIL> LT 	 (9) 

Numerical illustration 

Expression (9) will be used next as an approximation for the cornputation of Vi' in a numerical example. This Is 
Intended to suggest a feasible procedure to estimate lhe first component (as previously discussed) of the value of a 
Forecasting Center, in practical situations. It also contributes with numerical figures that may give an idea of the 
magnitude of some variables under analysis.. 

Solution (7) indicates that, under the assumptions of Lhe model, V/L depends anis/ on the prior probability p, on 
the ratio C/L and on lhe quality index I. 

Assuming stochastic independence between p and C/L one obtains: 

	

{p , C/L I I} = {p I I} {C/L I 	I} 	 (10) 

Under this condition, to be ai:de to compute the aggregated value VT, at a given skill score levei I, it suffices to 
know two marginal distributions: the one of p given 1, and lhe one of C/L given I. 

To make matters more specific, it is assumed next a Center that produces reliable forecasts with a skill 1 =.9 In the 
short-range, with a skill I = .5 in the middle-range, and with a skill I ..1 in the Iong-range. 

The potential end-users of this Center are initially identified and grouped accordingly to the nature of the forecast 
that better sults their needs (short, middle or long range). In the next stage they are classified accordingly to lhe 
prior probability p and accordingly to lhe cost-loss ratio C/L. The result is a table describing the distribution of lhe 
end-user population that can be used to compute the aggregate value of the Center. 

Ideally this identification and classification process would be comprehensive; in practice, however, it is 
reasonable to expect that this would be a major, if not unfeasible, task. II is conceivable that one would have to settle 
for distributions of p and C/L inferred from a limited set of data or, yet, for subjective distributions representing the 
encoded opinion of experts (see [7], pages 161 to 168, for a tutorial on how this can be done). 

As an illustration, consider the distributions of p and C/L defined on Tables I and II: 

• The sufficient conditions here are:i)the linearity of V on L ( which holds in this nwdel accordingly W (7)); and 	lhe stochastic independence 
between L and Lhe set of remaining variabies V depends on. 



- 
77 
 - 

TABLE 1 

The distributinn nf p 

(7L 	 .05 	.10 	.20 	30 	.40 	.50 	.60 	.70 	•8) 	.90 	•(P) 

relativa 
' frequency 	.020 	.034 	.058 	( r• )8 	.167 	.246 	.167 	.098 	.058 	.034 	. 020 

expeeted value = .149 

standard deviation= .055 

TABLE II 

The distrihution of Cff.,  

C/1_, 	.05 	.10 	.20 	.30 	.40 	 .60 	.70 	.80 	.90 	.95 

relative 
frequency 	.020 	.034 	.058 	.098 	.167 	.246 	.167 	.098 	.058 	.034 	. 020 

expected value= .500 

standard deviation = .064 

Those are entirely hypothetical distributions. However, a couple of arguments suggest that their proposed shapes 
are at least reasonable: 

1) the exponential-like distribution of p reflects the assumption that, In the relevant cases, the adverse events tend to 
be associated with small prior probabilities. ft seems natural that activities affected by very likely adverse events 
tend to be either economically unfeasible or protected at very low costs (the forecast being useless in those 
circumstances); 

il)the bell-shaped dIstribution of C/L may be supported on the reasoning that, when C/L is either too high or too low, 

the forecast tend to be Ignored: the protection Is either automaticafly rejected or automatically adopted. 

Assuming, for simplicity, the above distributions for {p 1  I} and {C/L l}, irrespectively of 1, and making use of (7) 
and (10) one obtalns the figures on the following table: 

TABLE 111 

The average forecast value per unity of potential loss 

<V/L> 

.9. 	.052 

.5 	.032 

.1 	.008 

lt should be noticed that those results are substantially fess impressive than the rnaximum theoretica! vatue of .25 
&ready discussed. Nevertheless they may imply significant econornic savings when one considers the potentia1 
fosses that may be involved. 
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To complete the illustration, suppose the total annual potential losses associated with projects that require 
short-range, middle range and long-range forecasts have been also estimated to be 100, 150 and 200 million dollars, 
say. Using (9) to combine this information with that on Table iii one obtains an expected value of 11.6 million doliars 
for lhe annual savings that would result, at the end-users' levei, from the operation of the Center. The partia' results 
are as in Table IV. 

TABLE IV 

Expected annual savings due to forecast 

Forecasting 	Total Lms 	Forecast Savings 
Horizon 	 (1000 US$ ) 	 (1000 US$ ) 

Short Range 	100.000 	 5.200.  

Middle Range 	150.000 	 4.800 

Long Range 	200.000 	 1.600 

TOTAL 	 300.000 	 11.600 

Summary of the method 

The assessment method suggested In the above example can be summarized as follows: 

Step 1- The economia activity areas that may be impacted by the Forecasting Center are identified. Experts with a 
sound understanding of those areas in the geographic regions reached by the Forecasting Center are also 
identified. 

Step 2- For each area of application, the experts are asked to consider the nature of the various potentially benefited 
projects; the nature of the forecasts most suitable in each case (short, middle or long-range, say); lhe 
suitable definition of "adverse event" in each case; the climatological (prior) probabilities associated with 
each case; the arder of magnitude of the annual potential losses, under lhe worst conditions, in each case; 
lhe (annual) cosi of protection, in each case 

Step 3 - For each area, group of projects and adequate forecasting horizon, the experts are asked to generale 
distributions of the projects according to lhe prior probability p and to the cost-loss ratio C/L. Those would, 
ideally, result from objective data. In practice, the subjective estimates of the experts might be encoded. 
Associated with each group it is also estimated the total (annual) potential loss ai stake. 

Step 4- Employing the distributions generated in the previous step and the formulae derived in the text (expression 
(7) in particular), figures of "expected benefit per unit of potential loss'' are computed. Of course a previous 
translation of "time horizons'' into "sk)II score indexes" (I values) would be required. This should be provided 
by lhe technical staff aí the Center under consideration ar other competent sources. 

Step 5- Each value of "average benefit per unit of potential loss" is multiplied by the corresponding estimated total 
loss. The results are added to generate the TOTAL EXPECTED (ANNUAL) ECONOMIC BENEFIT at lhe 
end-users' levei. 

4- FINAL REMARKS 

This paper has re-visited lhe well-known cost-loss ratio mode!, extensively employed in lhe literature for lhe 
anal ysis of economia benefits associated with weather forecasts, with two purposes: 

1) lhe explicit inclusion In the analytical frarnework ala measure of the "quality of the forecasts; 
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2) lhe suggestion of a way to exploit lhe results of the model to assess, to a first extent, the potential value of a 
Center that proposes to generate and make avallable forecasts with given quality standards. 

The "quality of the forecast' has been considered by means of a skill score index usually employed in lhe context 
of long-range weather predictions. The analysis has shown that lhe economic benefits (considered as the difference 
between lhe end-user's expected returns with and without the new available Information) will be highly dependent 
on the quality index. In particular It has been shown that, In general, one should expect the benefit to be a fraction of 
lhe potential loss much smaller than the well-known .25 maximal figure. Nevertheless, as a numerical example 
ilfustrates, the overall benefits may still be substantial. 

The assessment method, suggested in this paper for obtaining a value figure that reflects the entire customer 
population, is based on the idea that assessments get more reliabie as one is able to partition the universe of relevant 
cases into smaller classes, perform the assessment on those classes, and then aggregate the results. In this sense, 
lhe analytical framework provides a way of subdividing according to the time horizon of the forecast, assumed to be 
monotonically related to t he skill score índex. 

ft has been suggested in the text that one may have to resort to the encoding of subjective opinions of experts to 
do with the unavailability of data on the customer population. II is worthy noting this is larg ely employed in lhe 
decision analysis practice. ft should not be forgotten, by the way, that the basic approach to the analysis here is, 
aiready, a decision-analytic one. 

Finally It must be mentioned that refinements of the present analysis might include the relaxation of the 
hypothesis of "reliabilityn of the forecasts and the consideration of risk-aversion behavior affecting lhe end-user's 
decislons. Those aspects are explored elsewhere by the authors In a forthcoming paper. 
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