
Japan Advanced Institute of Science and Technology

JAIST Repository
https://dspace.jaist.ac.jp/

Title
Decision Making Models Using Weather Forecast

Information

Author(s)
Hiramatsu, Akio; Huynh, Van-Nam; Nakamori,

Yoshiteru

Citation

Issue Date 2007-11

Type Conference Paper

Text version publisher

URL http://hdl.handle.net/10119/4148

Rights

Description

The original publication is available at JAIST

Press  http://www.jaist.ac.jp/library/jaist-

press/index.html, Proceedings of KSS'2007 : The

Eighth International Symposium on Knowledge and

Systems Sciences : November 5-7, 2007, [Ishikawa

High-Tech Conference Center, Nomi, Ishikawa,

JAPAN], Organized by: Japan Advanced Institute of

Science and Technology



Decision Making Models Using Weather Forecast Information  
 

Akio Hiramatsu†         Van-Nam Huynh†         Yoshiteru Nakamori† 

†School of Knowledge Science 
Japan Advanced Institute of Science and Technology, JAPAN 

{akio-h, huynh, nakamori}@jaist.ac.jp 
 
 

Abstract  

The quality of weather forecast has gradually 
improved, but weather information such as pre-
cipitation forecast is still uncertainty. Meteor-
ologists have studied the use and economic value 
of weather information, and users have to trans-
late weather information into their most desirable 
action. To maximize the economic value of users, 
the decision maker should select the optimum 
course of action for his company or project, based 
on an appropriate decision strategy under uncer-
tain situations. In this paper, we will discuss 
several decision-making models in situations at 
what weather information is involved in decision 
problem under consideration. Firstly, the 
cost-loss model, which has been widely used in 
meteorological literature, will be briefly re-
viewed. Secondly, we will introduce the expected 
utility measures followed by a discussion on the 
fuzzy target based model.  Finally, the relation-
ship between the expected utility model and the 
fuzzy target based model will be discussed by 
means of a sample example taken from the lit-
erature. 
 
Keywords: Weather Forecast, Economic Value, 
Decision Making, Expected Utility, Fuzzy Target 
 

1   Introduction  
 
The value of weather forecasts is a topic of con-
siderable importance, and applied meteorologists, 
economists and others have attempted to assess 
the value of such forecasts in a variety of contexts 
(e.g.,[1][2]). To demonstrate the principles of 
decision making under uncertainty, textbooks 
sometimes rely on the so-called umbrella prob-
lem. This term refers to the situation in which an 
individual must decide whether to take an um-
brella in the face of uncertainty concerning 
whether it will rain today [3]. 
The quality of weather forecasts has gradually 

improved through time as fundamental knowl-
edge and operational experience has accumulated, 
but weather forecast is still uncertainty. The me-
teorologist analyzes and evaluates the present and 
past weather, and estimates the future state of the 
weather; the entrepreneur or other user of the 
meteorological service must be able to evaluate 
these predictions and analyses and translate them 
into the most favorable or most desirable course 
of action [4]. Meteorologists have devoted con-
siderable attention to studies of the use and value 
of weather information in the context of a simple, 
static decision-making problem commonly re-
ferred to as the “cost-loss ratio situation” [5][6]. 
The so-called “cost-loss ratio situation” is a de-
cision-making situation frequently encountered 
in the meteorological literature. This situation 
involves a decision maker who must decide 
whether or not to take protective action in the 
face of uncertainty as to whether or not adverse 
weather will occur [1].  

In formulating these decision making situa-
tion, meteorologists have discussed the value of 
probability forecasts within the conceptual 
framework of the decision maker’s utilities (i.e., 
decision maker’s preferences of the conse-
quences) [4]. Several investigations have dem-
onstrated that the expected-utility measures as-
sociated with cost-loss decision-making models 
(e.g. [5][7][8][9][10]). Recently, it has studied a 
fuzzy target based decision model for deci-
sion-making under uncertainty in which it can 
establish a direct link between the decision 
maker’s different attitudes about target and dif-
ferent risk attitudes in terms of utility functions 
[11][12]. 

This paper discusses about decision-making 
models using weather forecasts, cost-loss ratio 
situation model, expected utility measures and 
the fuzzy target based decision model. First, in 
section 2, we will review about weather fore-
casting services and the process diagram of de-
cision making using weather information. Next, 
in section 3, we describe about the cost-loss ratio 



decision situation including the concept of utility, 
and also we introduce the fuzzy target based de-
cision model briefly. In section 4, we try to dis-
cuss these decision-making models by an exam-
ple of simple gain and loss matrix. 
 

2   Weather Forecasting Services  
 
In Japan, Japan Meteorological Agency (JMA) 
provides various types of weather forecasting 
services, such as very short-range forecasting of 
precipitation, daily forecasts, one-week forecast 
and long-range forecast. Daily forecasts in plain 
text form for today, tomorrow and the day after 
tomorrow are issued three times a day at 0500, 
1100, and 1700 Japan Standard Time (JST). 
These daily forecasts contain information about 
weather, winds, coastal ocean waves, maxi-
mum/minimum temperatures and probabilities of 
precipitation. One-week forecast covers a 
seven-day period starting from the following day 
of the issue of the forecast. It is issued daily to 
provide day-to-day forecasts of weather, pre-
cipitation probability and maximum/minimum 
temperatures [13]. In recent years, these weather 
forecast services are provided visually under-
standable graphical charts, diagrams and figures, 
but in the case of decision-making situation, 
probability forecast is useful to evaluate these 
predictions and course of action because they are 
provided by numerical figures. For example, 
probability of precipitation (PoP) forecast 
represents the probability that measurable pre-
cipitation (i.e., >1mm) will occur during a spe-
cific period (generally 6 or 12 hour) at a par-
ticular point in the area of concern [14]. In the 
United States, PoP forecasts have been formu-
lated on an operational basis by National Weather 
Service (NWS) since 1965. In Japan, JMA started 
PoP forecast in 1980 [15]. 

JMA’s weather forecast, we can see on tele-
vision or radio broadcasting, is the highest 
common factor of national needs. Private weather 
forecast companies provide original forecast, 
fitting each user’s needs and specification. Figure 
1 shows the diagram of process which brings out 
economic value from weather forecasting and its 
roles of JMA and private weather companies. It is 
needed private weather companies in collabora-
tion with weather forecast users to analyze 
cost/loss mechanism. Only these procedures can 
provide maximum economic value with weather 

prediction [15]. 
 

Radar, AMeDAS, 
Weather satellite, etc.

Numerical 
prediction

Adjust weather prediction 
to user’s specification

Accuracy evaluation of 
weather prediction

The rule of optimal 
decision-making

Cost-loss structure 
of users

Maximize economic value

Statistical processing with 
observed weather data

AMeDAS : Automated Meteorological Data Acquisition System  
Figure 1. The process which brings out economic 

value from weather information [15] 
 

3   The Decision Making Problems 
 

3.1 The cost-loss model 
 
The original model of the cost-loss ratio situation 
was formulated by Thompson [16][17]. While 
this model is a very simple normative model, it 
appears to provide a realistic description of 
situations faced by many forecast-sensitive deci-
sion makers and, as a result, the model has been 
used extensively by meteorologists and others in 
both real and hypothetical decision-making 
situations [10]. 

The cost-loss situation involves a decision 
maker who must decide whether or not to take 
protective action, with respect to some activity or 
operation, in the face of uncertainty as to whether 
or not weather adverse to the activity will occur 
[10]. Specifically, the decision maker has two 
possible actions, “protect” and “do not protect”, 
and two weather events can occur, “adverse 
weather” and “no adverse weather” [1]. The 
so-called umbrella problem refers to the situation 
in which the protective action is to “take an um-
brella” and the adverse weather is “rain” [3]. 

Table 1 shows the decision matrix, it contains 
the actions by a1 (protect) and a2 (do not protect) 
and the events or states by s1 (adverse weather) 
and s2 (no adverse weather) in probability p for 
weather forecast. Each action-state pair leads to a 
different outcome or consequence [10].  



 
Table 1. Cost-loss ratio decision matrix 

States

s2s1

a2

a1

p2

0

C

No 
adverse
weather

Actions
E2=p1LL(Do not 

protect)

p1+p2=1p1
Probability

Forecast

E1=p1C+p2CC(Protect)

Expected 
expense

(E)

Adverse
weather

 
 
The payoffs associated with the consequences in 
the cost-loss ratio situation are generally ex-
pressed in terms of the monetary expenses of the 
decision maker. In the original model of this 
situation, the cost of protection is indicated by C 
and it is assumed that, when protective action is 
taken, the activity is completely protected against 
the effects of adverse weather. Further, when 
protective action is not taken and adverse weather 
occurs, the loss is indicated by L. When protec-
tive action is taken but adverse weather does not 
occur, the cost of protection is only indicated by 
C. Finally, when protective action is not taken 
and adverse weather does not occur, the mone-
tary expense is zero. 

In this model, the decision maker wants to 
select the action which minimizes their expected 
expense E, then E1=p1C+p2C=C and E2=p1L. 
Thus, the decision maker should select action a1 
or a2, when the probability of adverse weather p1 
is greater than or less than the cost-loss ratio C/L 
respectively, as shown in Table 2. 
 

Table 2. Decision rule of cost-loss matrix 

p1<C/Lifa2
(Do Not Protect)

p1=C/Lifa1 or a2
(Protect or Do Not Protect)

p1>C/Lifa1
(Protect)

 
 

This “standard” two-action and two-event 
cost-loss ratio situation is simple and useful, but 
in a practical, the decision maker is concerned 

with more than two actions and more than two 
events [6]. In the following subsection, we will 
discuss about more generalized decision making 
situation. 
 

3.2 Generalized Decision Making and Ex-
pected Utility measures 
 
The problem of decision making in the face of 
uncertainty is generally described using the de-
cision matrix shown in Table 3. In this matrix, 
Ai(i=1,…,n) represent the actions available to a 
decision maker, one of which must be selected. 
The elements Wj(j=1,…,m) correspond to the 
possible values associated with the state of 
weather W. Each element cij of the matrix is the 
payoff the decision maker receives if action Ai is 
selected and weather Wj occurs. The uncertainty 
associated with this problem is that the value of 
W is unknown before the decision maker must 
choose an action Ai. The decision problem in 
table 3, we assume a probability distribution PW 
over W={W1,…,Wm}. And, we restrict the payoff 
variable to a bounded domain that D=[cmin, cmax]. 
 

Table 3. Decision matrix 

States of Weather
Actions

1A

2A

nA

…

1W 2W mW…

11c 12c mc1

21c 22c mc2

1nc 2nc nmc

… … …

…

…

…

...

 
 

To solve the decision making under uncer-
tainty problem described by Table 3, the most 
commonly used method for evaluate action Ai is 
the expected utility measures, 
 

( ) ( )∑
=

=
m

j
ijjWi cUWPEU

1
                                (1) 

 
where EUi is the expected utility, and U is a util-
ity function defined over D .  

Expected-utility measures in the cost-loss ra-
tio decision situation are measures of the “utility” 



of probabilistic predictions in situations in which 
the decision maker’s knowledge of the cost-loss 
ratio is expressed in probabilistic terms, i.e., in 
which the cost-loss ratio is random variable with 
a probability distribution [8]. The strategy of 
decision making is to maximize the expected 
utility, or equivalently minimize the expected 
expense in the case of the cost-loss ratio model. 
Utility is the expression of a decision maker’s 
preferences; it is affected by the decision maker’s 
attitude or behavior. It is clear that different at-
titudes may lead to different results.  
 

3.3 The Fuzzy Target Based Model 
 
In section 2, we mentioned the procedure of 
maximize the economic value. But, in practice, it 
is difficult to determine the probabilistic rela-
tionship between weather event and cost-loss 
structure of users. Instead, decision maker may 
be able to assess a fuzzy target based on his ex-
perience/feelings. To define fuzzy targets is 
much easier and intuitively natural than directly 
defining random targets, especially in decision 
situations where the decision may be strongly 
influenced by the personal behavior of decision 
maker. 

Under such observation, a fuzzy target-based 
decision model has been proposed and studied 
[11]. In the fuzzy target-based decision model, 
we assume that the decision maker is able to 
establish a fuzzy target T which reflects his atti-
tude. Then, after assessing the target he would 
select the course of action which maximizes the 
expected probability of meeting the target de-
fined by 

( ) ( ) ( )∑
=

≥=
m

j
ijjWi TcWPAv

1
P                          (2) 

where ( )Tcij ≥P  is a formal notation indicat-
ing the probability of meeting the target of value 
cij. In [18], the authors have provided two 
methods for determining ( )Tcij ≥P , the first 
method is based α -cut representation of fuzzy 
sets and the second one is making use of simple 
normalization [19]. In this paper, we follow the 
second method for defining ( )Tcij ≥P . Then, we 
have: 
 

( ) ( ) ( )∑ ∫
=

=
m

j

c

c TjWi
ij dttPWPAv

1
min

                    (3) 

 
where PT is an associated probability distribution, 
into which converted a possibility distribution 

Tμ of the target T via the simple normalization, 
as follows: 
 

( ) ( )
( )∫

= max

min

c

c T

T
T

dtt

ttP
μ

μ
                                 (4) 

 
In the next section, we will consider the cases 

of the decision maker’s attitude. 
 

4. An Example of Decision Making 
Analysis Using Weather Forecast 
 
The problem of selecting an appropriate decision 
strategy in the face of uncertainty in weather 
information has been of concern to meteorolo-
gists for many years [20]. In a previous study of 
this problem, there are some examples of deci-
sion making strategy to maximize their economic 
consequences [20][21]. In this section, we dis-
cuss the various uses of decision making strate-
gies via a simple example of profits and losses for 
various weather events which provided by 
Thompson [20] as shown in Table 4. 
 

4.1 Three Decision Models of Economic Ex-
pectation 
 

Table 4. Gain and Loss Matrix with Various 
Weather Events [20] 

00.200.200.05pj
low

0.300.600.400.30pj
up

0.150.500.250.10pj
Probability
Information

720-3D3

140-1D2

0141D1

Decisions

W4W3W2W1

Weather Events

 
 
In Table 4, the column headings (Wj) represent a 
series of weather events as, for instance, classes 



of rainfall. The rows (Di) are the operational de-
cisions which are related to the occurrence of 
these weather events, for instance, the selection 
of transporting route for cargo delivery. Elements 
(aij) are gains and losses associated with each Wj 
and Di. The lower portion of the table shows 
relative frequencies (pj) of the occurrence of Wj, 
and the upper (pj

up) and lower (pj
low) confidence 

limits for these frequencies. 
The decision problem is to select the proper 

decision Di. For this purpose, several decision 
strategies were considered [20]: 

a) If the operator wishes to conduct his op-
eration so as to minimize large losses, he may 
select the course of action (min)

*D , which will 
produce the maximum benefit from the minimum 
economic expectation model (i.e. mini-max 
principle) defined as: 
 

∑
=

=
m

j
ijij

D
paD

i 1

(min)(min)
* maxarg                      (5)  

 
where pij

(min) is a fictitious relative frequency of 
event Wj, which is a maximum or minimum when 
aij is a minimum or maximum, respectively, 
subject to the restriction that 

up
jij

low
j ppp ≤≤ (min)  

b) If the operator takes an average risk, the 
maximum benefit resulting from the “mean” 
economic expectation (i.e. expected value model) 
may be selected as the course of action (mean)

*D . 
This model is defined as: 
 

∑
=

=
m

j
ijij

D
paD

i 1

(mean)
* maxarg                      (6) 

 
c) If the operator is willing to risk possible 

large losses, he may decide on a course of action 
(max)

*D which will produce the maximum benefit 
from the maximum economic expectation model 
defined as: 
 

∑
=

=
m

j
ijij

D
paD

i 1

(max)(max)
* maxarg                 (7) 

 
where pij

(max) a fictitious relative frequency of 
event Wj, which is a maximum or minimum when 
aij is a minimum or maximum, respectively, 

subject to the same restriction as pij
(min). 

The results of applying these three models to 
the gain and loss matrix in Table 4 are shown in 
Table 5.  For the detail of computations involved 
in this example is referred to Gleeson [21]. 
 

Table 5. Economic Expectation with Various 
Decision Models [20] 

2.851.75-0.30D3

2.502.050.60D2

2.201.601.30D1

Decisions

MaximumMeanMinimum

Economic Expectation

 
 

It is clear that, depending upon the economic 
expectation model used, different decisions will 
produce different maximum gains. But, it is not 
clear which model should be used for making the 
decision. So, no single course of action is ap-
propriate in all cases [20]. For decision making 
using weather forecast, the meteorologist must 
consider the characteristics of the atmosphere, 
and the decision maker assess the particular na-
ture of the operation in determining the appro-
priate strategy. 
 

4.2 Fuzzy Target Based Model 
 
Let us consider to apply the fuzzy target based 
decision model to the problem of decision mak-
ing using weather information as we discussed in 
section 4.1. Here we assume to have the relative 
frequencies (pj) of the occurrence of weather 
event Wj only. Furthermore, we also suppose that 
depending upon the ability/behavior of the deci-
sion maker, he may assess a fuzzy target T as his 
aspiration of profit, which can be defined as 
membership function Tμ : [amin,amax] to [0,1], 
where amin=min{aij} and amax=max{aij}. Then he 
may select the course of action which maximizes 
the probability of meeting his target as follows: 
 

( )∑
=

≥=
m

j
ijj

D

T TapD
i 1

* maxarg P                (8) 

 
In this model, depending upon the abil-

ity/behavior of the decision maker he may assess 



his own fuzzy target, and prototypical targets 
may be described as follows [11][22]. 

1. The first target is called the pessimistic 
target, which may correspond to the operator who 
wishes to avoid a serious loss and believes bad 
things may happen. Therefore he may have a 
conservative assessment of the target, which 
corresponds to ascribing high possibility to the 
uncertain target being a low gain or large loss. 
For simplicity, the membership function of this 
target is defined by 

 
 
,  if maxmin axa ≤≤  
                              (9) 
,  otherwise 

 
Then we have the decision model corre-

sponding to this target as: 
 

( )
( )∑

=
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−
−=

m

j
j

D

pess

aa
xapD

i 1
2minmax

2max

* 1maxarg   

(10) 
 
2. The second target expresses a neutral be-

havior on target of the decision maker and is 
represented by the possibility distribution Tneu-

tral(x)=1 for maxmin axa ≤≤ , and Tneutral(x)=0 
otherwise. In this case, it is easily to see that the 
model becomes: 

 

∑
= −

−
=

m

j

ij
j

D

neutral

aa
aa

pD
i 1

minmax

min

* maxarg     (11) 

 
This is equivalent to the mean economic ex-

pectation model. 
3. The third one is called the optimistic target. 

This target would be set by the decision maker 
who is able to accept a risk of getting large losses, 
and has an aspiration towards the maximal payoff. 
The optimistic fuzzy target, denote by Topt, can 
defined as follows: 

 

,  if 
maxmin axa ≤≤  

                             (12) 
,  otherwise 
 

Then we have the decision model corre-
sponding to this target as: 

 
( )

( )∑
= −

−
=

m

j
j

D

opt

aa
axpD

i 1
2minmax

2min

* maxarg           (13) 

 
Appling the fuzzy target based decision model 

with different targets discussed above to the de-
cision problem as described by Table 4, the re-
sults are as shown in Table 6. 

 
Table 6. Expectation of Meeting the Target with 

Different Targets 

0.29750.47500.6525D3

0.29550.50500.7145D2

0.23200.46000.6880D1

Decisions

OptimisticNeutralPessimistic

Expectation of Meeting the Target

 
 
In Table 6, the result reflects a course of ac-

tion selected is influenced by the ability of the 
operator. That is, if the decision maker assessed a 
neutral target, the decision D2 is selected as in the 
expected value model. If the decision maker 
wants to get profit and accept a risk, then he 
probably assesses an optimistic target which 
corresponds to D3 being selected. In the case of 
the decision maker who assesses a pessimistic 
target, though D2 is still selected, D1 becomes 
more preferred over D3. In [22], authors dis-
cussed about the difference of the results between 
the expected utility model and the fuzzy target 
based model. They considered that a linear 
membership function for Tpess is not enough pes-
simistic, so they assume very-pessimistic target 
and assessed it. The result was D1 should be se-
lected for avoiding a loss. This means the nature 
of the target assessment may be influenced by the 
personal philosophy of the decision maker. 

As described above, using fuzzy targets 
would be easier than expected utility measures, 
while having a direct link to the traditional notion 
of utility functions.  
 

5    Conclusion 
 
This paper describes about decision making using 
weather forecast on cost-loss ratio situation 
model, expected utility measures and the fuzzy 

⎪⎩

⎪
⎨
⎧

−
−

=
0

)( minmax

max

aa
xa

xTpess

⎪⎩

⎪
⎨
⎧

−
−

=
0

)( minmax

min

aa
ax

xTopt



target based decision model. To increase the 
economic value of weather information, the de-
cision maker should select appropriate course of 
action or strategy. Decision making under un-
certainty, the concept of utility is applied. In that 
case, it is needed to assess the decision maker’s 
attitude or behavior. The fuzzy target based de-
cision model is easier to assess the decision 
maker’s attitude or behavior than expected utility 
measures. 
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