
 

 

 

Abstract— We forecast electricity power used in Gunma National 

College of Technology on the basis of probabilistic inference using 

Bayesian network constructed by using the greedy search algorithm 

with the use of climate statistics in Maebashi and other sampling points. 

Here, we first clarify causality between the electricity power used and 

climate statistics, such as daily temperature and humidity both of 

which maximize the electricity power used in our college, daily mean 

wind speed and general weather conditions in Maebashi. Also, we 

estimate conditional probabilities of several variables, such as the 

temperature and humidity, under the conditions that several weather 

conditions were observed. From these estimates, we find that the 

electricity power used can be predicted by making use of property of 

the climate statistics in Maebashi , such as north-winds called as 

“Karakkaze” in winter season. 

 

Keywords— Bayesian inference, Bayesian network, Climate 

statistics, Electricity power prediction.   

I. INTRODUCTION 

OR many years, researchers in statistical science have 

studied Bayesian networks [1]-[3] for various purposes, 

such as probabilistic reasoning under uncertainty, decision 

making, object-oriented networks. In recent years, due to a 

development of computer technology, many researchers have 

utilized Bayesian networks to investigate large-scale social 

systems [4], [5]. Some researchers [6], [7] have applied the 

Bayesian networks to forecast weather in various areas. For 

instance, they clarified that the Bayesian network became a 

powerful tool to forecast severe weather by utilizing large-scale 

data on climate statistics. Recently, the probabilistic inference 

using the Bayesian network has been applied to service science, 

management and technology [8]-[11], such as customer service 

in various areas.  

On the other hand, since the Great East Japan Earthquake has 

occurred, a lot of supports have been tried to revive from the 

earthquake. For instance, the electricity power saving has 
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become important in many societies in Japan. For this purpose, 

the Japanese meteorological agency (JMA) has been serving 

information on climate statistics for electric power companies. 

This fact indicated that the climate statistics was available of 

forecasting electric power in various fields, and also that climate 

statistics was available of constructing a system to infer weather 

conditions respective of the choice of the local area.  

Therefore, in this study, we constructed a practical and useful 

system utilizing the Bayesian network for forecasting the 

electricity power used in our college by utilizing the climate 

statistics in Maebashi and other sampling points. We tried this 

approach with the hope that the electricity power used in our 

college may be realized by utilizing the climate statistics in 

Maebashi, such as temperature, humidity and mean wind speed 

in Maebashi. For this purpose, we first construct the Bayesian 

network to clarify causality between two nodes expressing the 

electricity power used and weather conditions. Here, we utilized 

the greedy search algorithm to construct the Bayesian network 

based on the information criterion via the Akaike information 

criterion (AIC) in the following. In this procedure, we first 

prepared sets of conditional tabulation tables (CTT) and 

conditional probability tables (CPT) between nodes, such as the 

electricity power used in our college and the weather conditions 

in Maebashi. Then with the use of these tables, we clarified the 

causality between two variables which were regarded as the 

electricity power used in our college and weather conditions in 

Maebashi, such as daily temperature and humidity both of which 

maximized the electricity power used in our college, daily mean 

wind speed and discomfort index in Maebashi. Also, we utilized 

the weather condition in Osaka to improve the accuracy of the 

prediction for the electricity power used in our college. Here, 

the structure of the Bayesian network indicated that the nodes 

both of the electricity power used in our college and discomfort 

index in Maebashi were directly connected with that of the daily 

temperature in our college, although they were not directly 

connected with that of the daily humidity in our college. Next, 

based on probabilistic inference using the Bayesian network, we 

estimated joint probability and conditional probabilities under 

various conditions. For instance, we estimated the probability 

distributions of the nodes representing to weather conditions, 

such as temperature, humidity wind speed and discomfort index 

in Maebashi, under the constraint that the electricity power used 

was beyond the restriction set in our college. Here, we found 

that the probability that the electricity power used was beyond  
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TABLE I 

 AN EXAMPLE OF THE LARGE-SCALE DATA 

 
 

TABLE II 

A SAMPLE OF CTT  

 
 

 
TABLE III 

A SAMPLE OF CPT  

 
 

 
Fig. 1 A sample of Bayesian network 

 

its restriction became large, if we have information that the 

daily temperature maximizing the electricity power used in our 

college was less than 15℃  under the constraint that the 

electricity power used was beyond its restriction. Also, we 

found that the probability became large if we have information 

that mean wind speed was stronger than 3.0m/s under the 

constraints that the temperature was less than 15℃ and that the 

electricity power used was beyond its restriction. From these 

facts, we suggests that the north-winds called as “Karakkaze” 

often blew in Maebashi, if the electricity power used was 

beyond its restriction set in our college. Further, we clarified the 

weather conditions that persons in our college felt comfort 

based on probabilistic inference using the Bayesian network 

constructed by the electricity power used in our college and 

climate statistics in Maebashi and Osaka.  

This paper is organized as follows. First, we briefly show the 

property of climate in Gunma including Maebashi city. Then, 

we outline how to construct the Bayesian network using the 

greedy-search algorithm and how to estimate the causality 

between variables, probability distributions under several 

conditions. Last part was devoted to summary and discussion.  

II.   CLIMATE IN GUNMA 

Here, we overview the property of weather conditions in 

Gunma prefecture which is located in north-Kanto The property 

of climate conditions on Gunma prefecture located at the inland 

area of “Honshu” between the pacific Ocean and Japan Sea as 

follows. 
 

(1) In all seasons, weather conditions in Far-East Asia change 

from west to east due to big flow of atmosphere called as 

“Westeries” originating both in the rotation of the earth and 

the circulation of atmosphere around the earth. 

(2) In winter, dry winds called as “Karakkaze” strongly blow 

from north-west in north-Kanto district caused by typical 

distribution of atmospheric pressure in Far-East Asia in 

winter season. 

(3) In winter, temperature and humidity in Gunma prefecture 

become lower than those of other areas on the coasts of 

Pacific Ocean due to dry winds called as “Karakkaze”.  

(4) In summer, the temperature in Gunma prefecture becomes 

higher than that of other areas on the coast of the Pacific 

Ocean, because southern strong wind from the Pacific 

Ocean carry hot atmosphere to the Gunma prefecture.  
 

As seen from the fact that the weather conditions in East Asia 

move from west to east, so it is expected that the weather 

condition in west district to Gunma is useful for forecasting 

weather conditions in Maebashi located at the center of Gunma 

prefecture. These suggest that the winds in Gunma prefecture 

has significant influences on temperature and humidity in 

Gunma prefecture. Then, it was expected that that the electricity 

power used was deeply dependent on the weather condtions, 

such as temperature. Therefore, with the use of these factors, we 

construct a system for forecasting the electricity power used in 

our college. 
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Fig. 2 (a) an  empty graph, (b) a Bayesian belief network with one arc, 

(c) a Bayesian belief network with another arc, (d) a Bayesian belief 

network, (e) a Bayesian belief network with two arcs, (f) a Bayesian 

belief network with three arcs. 

 

 
 

Fig. 3 Model 

 

Therefore, in this study, in order to forecast the electricity 

power used in our college, we utilized the climate statistics 

seerved by the JMA. Especially, we adopted temperature, 

humidity, wide speed and discomfort index in Maebashi and 

other cities for the climate statistics.  

III. PROCEDURE FOR PAPER SUBMISSION 

A. Greedy Search Algorithm 

In this part, we indicated how to construct a Bayesian belief 

network for a set of nodes {Xi} based on the greedy-search algo 

rithm based on information criterion using the AIC.  

First, as shown in Table I, we prepared a large-scale data 

composed of a set of variables {Xi | i=1,…,n}. Next, as shown in 

Table II, we constructed a set of cross tabulation tables (CTTs) 

{CTTij}. Here, CTTij denotes causality between two variables Xi 

and Yj among the set of variables {Xi | i=1,…,n}. Next, as shown 

in Table III, we constructed a set of conditional probability 

tables (CPTs) {CPTij} by making use of the set of the CTTs 

{CTTij}. In this study, the CTTij denoted a conditional 

probability of Xi with respect to Xj. Then, by making use of the 

use of these variables {CTTij} and {CPTij}, we constructed a 

Bayesian belief network utilizing the greedy-search algorithm 

based on the information criterion via the AIC. This method was 

regarded as a general learning algorithm to construct a directed 

acyclic graph. Typical example of the directed acyclic graph 

was shown in Fig. 1. Then, as shown in Fig. 2(a), we first 

considered an empty graph with an assumed initial score. Then, 

as shown in Fig. 2(b), we introduced an arc to a child node 

connecting from a candidate parent node, if the score was 

maximally increased among the arcs connecting from the 

candidate parent nodes to the child one. Then, as shown in Fig. 

2(c)-(f), we repeated this procedure to all child nodes until no 

arc addition result in increasing the score in the information 

criterion. Then, if no graph has higher score than the current 

graph, the algorithm stops.  

B. Bayesian Inference 

In this part, we indicated how to estimate the probability 

distribution in the Bayesian belief network constructed by the 

greedy search algorithm.  

First, we showed how to estimate joint probability Pr({Xi}) 

for the set of nodes {Xi} by making use of the set of conditional 

probabilities {Pr(Xi|pa(Xi))} via the sum-product algorithm as 

follows. Here, Xi was a variable on the i-th node and 

Pr(Xi|pa(Xi)) was a conditional probability of Xi with respect to 

the parents of the i-th node Xi. Here, it was well known that the 

joint probability Pr({Xi}) was estimated as  

 

Pr({Xi}) = Πk Pr(Xk|pa(Xk))                                 (1) 

 

Therefore, if the Bayesian belief network had simple 

structure, as shown in Fig. 1, the joint probability of this graph 

was estimated as  

 

Pr( X1, X2, X3, X4, X5) =  
Pr(X5|X4) Pr(X5|X3) Pr(X3, X4|X2)                        (2) 

Pr(X3|X1) Pr(X1).  
 

From this equation, we were able to estimate joint probability 

Pr(X1,…,X5) utilizing the sets of the CTTs and CPTs.  

(a) (b) 

(c) (d) 

(e) (f) 
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     Next, we were able to estimate the probability distribution 

Pr(Xi) with respect to the variable Xi . For instance we could 

estimate Pr(X1) by making use of the marginalization as 

 


}{ }{ }{ }{

543211
2 3 4 5

),,,,Pr()Pr(
X X X X

XXXXXX                              (3) 

    

 
TABLE IV 

WEATHER CONDITIONS USED IN THIS STUDY AND ELECTRICITY POWER USED IN 

OUR COLLEGE  

 
 

 
 

Fig. 4  Bayesian network for forecasting electricity power used in our 

college using the climate statistics in Maebashi 

 
TABLE V 

JOINT PROBABILITY OF THE BAYESIAN NETWORK  SYSTEM 

 
 

When we carried out model selection for our purpose, we 

utilized the information criterion using the AIC:  

AIC = ∑(i,j) CTT(i,j) log CPT(i,j) + 2k,  

Where, k denotes the number of parameters in a system we 

used here.  

IV. PROBABILISTIC INFERENCE VIA BAYESIAN NETWORK 

In this chapter, as shown in Fig. 3, by making use of the 

probabilistic inference based on the Bayesian belief network 

using the climate statistics in Maebashi and Osaka, we 

constructed an information processing system for forecasting 

the electricity power used in our college and the discomfort 

index in Maebashi. For this purpose, we here utilized daily 

temperature and mean relative humidity both of which 

maximized the electricity power used in our college and 

discomfort index in Maebashi, daily mean wind speed in 

Maebashi and daily general weather conditions in Maebashi and 

Osaka. Here, we utilized the weather condition on Osaka, as a 

candidate city located to the west areas of Maebashi.  

In this study, we prepared a set of variables {Xi| i=1,…,7} 

corresponding to  

(1) daily electricity power used in our college,  

(2) discomfort index in Maebashi,  

(3) daily temperature maximizing the daily electricity power 

used in our college,  

(4) daily humidity maximizing the daily electricity power used 

in our college,  

(5) daily wind speed in Maebashi,  

(6) daily general weather conditions in Maebashi,  

(7) daily general condition in Osaka.  

 

We utilized (3) daily discomfort index in Maebashi to clarify 

influence of weather conditions on human health.  Especially, as 

shown in Table III, we transformed the above continuous 

variables into 2 or 3 discrete ones by making use of threshold(s) 

to carry out probabilistic inference using the Bayesian belief 

network. First, we divided continuous variable of temperature 

into three ranges: (1) T<15[℃], (2)  15[℃]<T<30[℃], (3) 

30[ ℃ ]<T. Then, we divided the continuous variable of 

humidity into two ranges: (1)H<50%, (2) 50%<H.  Next, we 

classified the weather conditions into three kinds: (1) Fine day, 

(2) cloudy day, (3) rainy day. Further, we classified the 

discomfort index into three kinds: (1) hot, (2) comfortable, (3) 

cold. In addition, we classified the electricity power used in our 

college into two kinds: (1) the electricity power used was within 

the restriction of the electricity power used in our college, (2) 

the electricity power used was beyond the restriction of the 

electricity power used in our college. For our purpose, by 

utilizing large-scale data both on the above climate statistics 

served by the JMA and the electricity power used in our college, 

we prepared a set of CTTs {CTTi,j} obtained from the set of 

variables {Xi}. Here, the CTTi,j was a component of the CTT 

representing a frequency of Xi, if X=Xj. Also, we prepared a set 

of the CPTs {CPTi,j}. Here, CPTi,j was a component of the CPT 

representing a conditional probability Pr(Xi|Xj) that the event Xi 

occurred under the condition that the event Xj occurred. Next, as 

shown in Figs. 2(a)-(f), we carried out model selection on the 

basis of the greedy-search algorithm utilizing the information 

criterion using the AIC utilizing the sets of CTTs {CTTi,j} and 

CPTs {CPTi,j} as follows.  
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(1) First, we considered an empty graph with an initial score of 

information criterion on the AIC.  

(2) Then, we introduced an arc into the graph from a candidate 

parent node to each child node, if score is maximally 

increased among the candidate arcs to the child node.  

(3) Next, we repeated the procedure to other child nodes until 

no arc addition result in increasing the information 

criterion.  

Following above procedure, we preliminary constructed the 

Bayesian belief network in Fig. 4 for forecasting the electricity  

 
TABLE VI 

PROBABILITY DISTRIBUTION OF THE BAYESIAN NETWORK, IF THE ELECTRICITY 

POWER USED IN OUR COLLEGE WAS BEYOND ITS RESTRICTION.  

 
 

Power used in our college and discomfort index in Maebashi. 

Here, the Bayesian belief network was constructed under the 

constraint that both the nodes of the electricity power used in 

our college and the discomfort index in Maebashi did not 

become parents. Then, we evaluated probability distribution for 

each variable using the marginalization of the joint probability 

obtained by the Bayesian belief network in Fig. 4.  

As seen from Fig. 4, the Bayesian belief network constructed 

by the present method was seen to be divided into three parts:  

(1) First part was the general weather conditions in Osaka.  

(2) Second one was the climate conditions in Maebashi, such 

as temperature and humidity both of which maximized the 

electricity power used in our college, the daily mean wind 

speed in Maebashi and the general weather condition in 

Maebashi. 

(3) Third part was forecasting information on the electricity 

power used in our college and the discomfort index in 

Maebashi.  

Also, as we can see from Fig. 4, the characteristics of the 

structures of the Bayesian belief network as below.  

(1) The parent node of daily general weather condition in 

Osaka was directly connected with that of daily general 

weather condition in Maebashi.  

(2) Then, the node of daily general weather condition in 

Maebashi was directly connected with those of daily 

temperature and mean relative humidity both of which 

maximized the electricity power used in our college. 

(3) The parent node of daily mean wind speed in Maebashi was 

directly connected with those of daily temperature and daily 

mean relative humidity both of which maximized the 

electricity power used in our college.  

(4) The node of daily temperature maximizing electricity 

power used in our college was directly connected both with 

the nodes of electricity power used in our college and the 

discomfort index in Maebashi/our college.  

(5) On the other hand, the node of daily mean relative humidity 

maximizing the electricity power used in our college was 

not directly connected with the nodes of the electricity 

power used in our college and the discomfort index in 

Maebashi.  

Next, by making use of the Bayesian network constructed by 

the greedy-search algorithm on the basis of the information 

criterion via the AIC, we carried out probabilistic inference to 

clarify the causality between nodes which constructed the 

Bayesian belief network in Fig. 4. First, as shown in Table VI, 

we investigated the causality between nodes. Then, we 

investigated the causality between nodes under the constraint 

that several variables were observed, i.e., the maximum value of 

the electricity power used in our college was beyond its 

restriction. Then, from these results, we tried to clarify the 

causality between the electricity power used in our college and 

climate statistics in Maebashi and Osaka.  

    First, as shown in Table VI, we first estimated the probability 

distribution of each node by using marginalization of the joint 

probability with respect to the Bayesian belief network in Fig. 4.  

From this figure, we found that the mean relative humidity in 

Maebashi was low both in summer and winter seasons. Then, we 

also find that the probability that it was rainy in Maebashi was 

lower than that in Osaka. Next, we found that the probability 

that the electricity power used in our college was beyond its 

restriction was 38.6% both in summer and winter seasons.  

   Next, as shown in Table VII, we here estimated the probability 

distribution of nodes under the condition that the electricity 

power used in our college was its restriction set in our college. 

We found from this table that the probability distribution that 

the temperature maximizing the electricity power used in our 

college was less than 15 ℃ was 0.65 under the present condition. 

This led to the statement that the number of days if the electricity 

power used in our college in winter was beyond its restriction 

occurred more frequently than that in summer, although this fact 

was generally known in Japan. Then, we also found that the 

probability that human being felt cold was 0.57 under the 

present condition. Next, we found that the probability that the 

mean relative humidity was less than 50% was 0.78 under the 

present condition.  

     From the above results, we suggested following statements 

obtained by the probabilistic inference using the Bayesian belief 

network constructed by the greedy-search algorithm using the 

information criterion via the AIC. First, as seen from the result 

that the temperature maximizing the electricity power used in 

our college was beyond its restriction, we suggested that the 

electricity power was used in our college in winter season more 

than in summer, although this fact was well known in Japan. 

Next, as seen from the facts that the mean wind speed in 

Maebashi was often faster than 3.0[m/s] in winter and also that 
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mean relative humidity in Maebashi was often lower than 50% 

under the condition that the electricity power used in our college, 

we could suggest that that the electricity power used in our 

college was often beyond its restriction value, if the dry strong 

wind called as “Karakkaze” blew in Maebashi in winter season.  

As seen from the above results, we have shown an example 

that the Bayesian belief network became a useful tool to forecast 

the electricity power used in our college by making use of 

properties of the climate statistics in Gunma prefecture, such as 

the serious increase/decrease in temperature and the strong 

north-winds called as “Karakkaze”. 

V.  SUMMARY AND DISCUSSION 

In the previous chapters, we constructed the information 

system to forecasti the electricity power used in our college by 

utilizing the large-scale data on climate statistics served by the 

JMA, based on the probabilistic inference due to the Bayesian 

belief network. Here, we have constructed the method of 

probabilistic inferences utilizing the Bayesian belief network by 

making use of the climate statistics served by the JMA both for 

forecasting electricity power used in our college. Here, we have 

constructed the Bayesian belief network by making use of the 

greedy-search algorithm based on the information criterion via 

the AIC. Then, we have clarified the causality between 

electricity power used in our college and the climate statistics, 

such as daily temperature and humidity both of which 

maximized the electricity power used in our college.  From this 

statistical analysis, we found that the node corresponding to the 

electricity power used in our college was directly connected 

with that corresponding to daily temperature maximizing the 

electricity power used in our college. Then, we clarified that the 

electricity power used in our college was often beyond its 

restriction value set in our college, if the temperature 

maximizing the electricity power used in our college was below 

15℃.and also that it often beyond its restriction under the 

constraints that the north-wind called as “Karakkaze” became 

strong and that the temperature maximizing the electricity 

power used in our college was below 15℃.  
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