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Abstract

With the corporate environment nowadays being surrounded by plenty of information, the sharing of 

information among businesses through mutual cooperation tops the list of hot issues. Predictions of 

demands from the customer, business, or consumer by sharing information can affect the inventory 

and order production system. However, notwithstanding the importance of sharing information, em-

pirical studies on quantitative use of information still remain insufficient in spite of many a discussion 

now being made on the sharing of information. This paper proposes to examine the ways meteoro-

logical information may affect the rises in the achievements of supply chains in distributive businesses, 

the kind of information that noticeably affects the consumer behavioral patterns in the distributive 

businesses but rarely perceived as a form of information shared by businesses. This study is based on 

a model in which meteorological information has been added as the one used to predict demands, 

after the beer distribution game has been modified to fit the current status, and simulations under an 

assumptive situation, where decisions are made on a daily basis, were conducted 50 times for a 

period of 1000 days for the generalization of the results, while at the same time a Duncan Test was 

conducted to determine the threshold to use the meteorological information that will be most profitable 

to the retailer, wholesaler, supplier and the supply chain as a whole. Our findings indicate that 

corporations have thresholds that vary from business to business depending upon the ratio of backlog 

costs to inventory costs. At the same time, our findings also show that there existed effective thre-

sholds depending upon the ratio of backlog costs to inventory costs for the performance of the overall 

supply chain. 
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1. Introduction

The distribution industry has developed from 

the livelihood-dependent type such as tradi-

tional markets and small-and medium-sized 

supermarkets into an entrepreneurial type of 

distribution such as department stores, dis-

count stores, convenient stores and so forth. 

Aggravating competition within the industry 

coupled with the trend of small businesses be-

ing incorporated has caused changes in the 

way the decision-maker manages the business. 

The traditional way of management held on 

to the method where each corporation attem-

pted only to add values to the customer or 

the supplier directly related with each other 

while each one is free to manage indepen-

dently on its own. Furthermore, most of the 

innovative activities aimed at lifting produc-

tivity and efficiency, cost reduction, and so 

forth were limited to within the business con-

cerned. [McCormack et al., 2003]. However, 

with new environmental variables such as 

rises in the consumer demands, curtailed pro-

duct life cycles and of market response times 

and globalization emerging nowadays, the me-

thod to focus on the innovative activities of a 

single business works no longer.

Ultimately, viewing businesses as a network 

organically related with each other, decision 

makers tried to acquire a competitive edge of 

the network as a whole by maximizing the 

effects of integrating individual corporate ca-

pability, rather than individual corporate com-

petitive edge [Lee, 2000]. Under such circu-

mstances, the supply chain management con-

cept emerged as a new approach to solutions 

for business-to-business relationships [Cooper 

et al., 1997; Mentzer et al., 2001].

The supply chain management (SCM) in-

cludes all the activities within a supply chain 

where all the activities related to the procu-

rement, acquisition and conversion of resources, 

and the schedule management. Furthermore, 

the SCM manages all the cooperative acti-

vities with the partners within the supply 

chain including the supplier, wholesaler, re-

tailer and consumer [Ayers, 2006]. Previous 

studies on the business process innovation ac-

tivities through the supply chain management 

mostly include two approaches. One concer-

ned an inventory policy to minimize the costs 

by means of a quantitative or mathematical 

inventory control model. The other tried to 

show that effects are maximized by coopera-

tive information sharing among businesses.

On the other hand, most of the previous 

studies were made on the flow of distribution, 

inventory policy and optimized production plan 

with a focus on individual objects that con-

stitute the supply chain in an effort to remove 

disturbing factors from the outside of the 

supply channel. However, a supply chain is 

currently to be understood and approached as 

an integrated system. Thus, the tasks of mo-

deling and analyzing are required under the 

assumption that all the activities from the 

purchase of raw materials down to the custo-

mer are considered as a process of continuous 

flows.

However, there exists a limit to the mathe-

matical approach to the supply chain embe-
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dded with uncertainty, and thus modeling and 

analyzing tasks by means of simulations are 

required. The previous studies based on the 

simulation include the modeling concept that 

uses simulations with respect to various roles 

of the distribution center between the custo-

mer and the factory [Takakuwa et al., 2000], 

an analysis of supply chains with the aid of 

simulations under an uncertain environment 

[Petrovic, 2001], and an integrated approach of 

the simulation and the mathematical method 

[Ray et al., 2005].

This study conducts the simulation to ve-

rify that the suggested inventory policy in the 

supply chain contribute to the optimization of 

the system. As discussed earlier, the supply 

chain management in the distribution industry 

may make it possible to cut back on the in-

ventory and transportation costs by predicting 

consumer demands and maintaining an opti-

mal level of inventory. However, in order to 

cope with rapidly changing consumer demands, 

prediction of demands based on the only in-

formation shared by the related businesses is 

not sufficient. We should consider various en-

vironmental variables noticeably affecting con-

sumer demands. The meteorological informa-

tion is a specific example, which is gaining 

momentum in recent corporate activities for 

predicting consumer demands in particular dis-

tribution industry.

In fact, the distribution industry proves hi-

ghly sensitive to weather conditions. For exa-

mple, a self-analysis conducted by Bokwang 

Family Mart, a Korean convenience store chain, 

indicates that every outlet under its mana-

gement marked an average of 10% fall in 

sales on a rainy day, compared with those on 

a fine day. This hopefully makes it possible 

to cut down on backlogs and inventory costs 

through the more accurate prediction of con-

sumer demands based on the meteorological 

information provided. At the same time, the 

use of quantitative meteorological information 

from the retailers who are in close contact 

with the consumer makes it possible for each 

and all players in the supply chain to predict 

the quantity of orders. Consequently, every 

player can grips with orders from his ups-

tream supplier and downstream customer, ul-

timately elevating overall efficiency of the 

supply chain as a whole [Lee et al., 2007]. In 

addition, the result of Lee et al. [2007] in-

dicated that a synergy effect can be created 

from the two sources of information, i.e., the 

meteorological forecast information and the 

inventory and backlog information shared by 

the players within the chain. The synergy 

from two types of information enables the 

overall efficiency of the supply chain to be 

elevated, compared with when a single source 

of information was used.

However, while there is nothing wrong with 

the corporate decision-maker when he uses 

the inventory and backlog information as sup-

plied, chances are that each player will make 

a decision differing from the others, when it 

comes to the meteorological information. For 

instance, suppose a precipitation forecast pre-

dicts a 30% chance of rain for the next day. 

If a retailer makes a decision under the as-

sumption that it will rain tomorrow, while at 
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the same time a wholesaler makes a decision 

with the opposite assumption, the use of 

meteorological information will not go far.

In Lee et al. [2007] simulations were con-

ducted under the assumption that all the pla-

yers in a supply chain would make the deci-

sions under the same interpretation of the me-

teorological forecasts. On the other hand, this 

study assumes that the players including the 

retailer, wholesaler, and supplier to make dif-

ferent decisions based on its own interpre-

tation through threshold. With a view of the 

likelihood that the threshold for decision-ma-

king could differ, then a statistical analysis is 

followed to examine if there exists a combi-

nation of thresholds where the efficiency of 

the supply chain is optimized.

This study has adopted as a hypothetical 

supply chain model known as the beer distri-

bution game, which had been developed by 

MIT in 1960’s and was utilized by numerous 

researchers thereafter. The beer distribution 

game was originally aimed to prove the bul-

lwhip effect within a supply chain. Later it 

was utilized for the inventory policy problem 

by Cho and Kim [2001], and was revised for 

analyzing three factors, i.e., inventory, back-

log, and bullwhip effect by Lee et al. [2007]. 

Accordingly, the beer distribution game has 

been adopted as the study model.

Section 2 explains a study model which ado-

pts a revised beer distribution game. In Sec-

tion 3 a framework of the experimental simu-

lation method is described to analyze efficient 

decision strategies. Section 4 shows the re-

sults of a simulation of the proposed study 

method for real forecast data. Finally, section 

5 gives the conclusion.

2. Study model：a revised beer 

distribution game

While the original beer distribution game 

model includes 4 tiers, i.e., the retailer, the 

wholesaler, the distributor and the supplier, 

this study has adopted the revised beer dis-

tribution game proposed by Lee et al. [2007]. 

The revised model assumes consumer demands 

vary depending upon the presence or absence 

of precipitation, rather than upon independent 

probability distribution. The assumption is not 

only in accord with the industrial characte-

ristics of the distribution industry, where sales 

vary depending upon the presence or absence 

of precipitation, but is related with the sales 

pattern of beer as a commodity. At the same 

time, the availability of the precipitation fore-

casts in a probabilistic form enables to ana-

lyze the business decision-making pattern by 

using thresholds.

The revised beer distribution game differs 

from the original one in that the original 4- 

tier supply chain was curtailed down to a 3- 

tier chain in the revised version. The revised 

model reflects that the supplier, the whole-

saler, and the retailer are actual players in the 

beer sales chain, while the large-sized distri-

bution part makes a decision about orders 

without actually carrying commodities. Also, 

the precipitation forecasts in Korea are us-

ually provided in terms of probability cover-

ing only 24 hours to go. Accordingly, in the 
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<Figure 1> Revised model of the beer distribution game

case of original 4-tire supply chain, the most 

upstream supplier cannot use the 24-hour fo-

recast information due to the lead time taken 

in transporting the commodities.

Lastly, in the revised model, the lead time 

taken for order processing upwards in the 

supply chain has been amended from one day 

to the real time basis. The real time based 

order processing is more realistic for modern 

business environment with current informa-

tion systems. 

The revised model of the beer distribution 

game is shown in Figure 1. Notice that t day 

and t-1 day referred as the lead time in the 

order flows shown in <Figure 1> simply re-

present the day at the point of time the de-

cision is made, not the actual order process-

ing time. The decision-making in each player 

proceeds in the following steps. First, com-

modities arrive from the upstream supplier; 

second, new orders are received from the 

downstream customer; third, if the inventory 

is sufficient to meet the orders, sales are made 

as they stand：otherwise, the remainder is 

processed as backlogs; fourth, orders are made 

to the upstream supplier in consideration of 

backlogs and inventory [Croson and Donohue, 

2006]. The quantities of commodities trans-

ported and inventories for each player can be 

obtained by the following equations.

Notations.

 
：quantity shipped to the downstream 

customer from player i in period t.

：retail demand in period t.


：order placed to the upstream supplier 

from player i in period t.

 
：inventory at player i in period t, where  



≥   represents on-hand inventory and  


   represents orders in backlog.

 
    

  for i = 1


   

  for i = 2 (1)

 
   

  for i = 3

 
  

 
  for i = 1

 
 


  for i = 2      (2)

 
 

 
  for i = 3

The meteorological data applied to the mo-

del were derived from the actual probability 

forecasts for the Seoul area during the 3-year 

period of 2003 through 2005, which is gene-
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rated from Korea Meteorological Administra-

tion. 

It was assumed that it actually rained when 

the precipitation marked 0.254mm or over. The 

criteria for determining the presence or absence 

of precipitation was also adopted by Lee et al. 

[2007] and Mylne [2002]. 

Due to the difficulty to gather actual con-

sumer demand data unlike rainfall data, a set 

of hypothetical data about beer demands was 

generated by assuming that beer as a commo-

dity is sensitive to weather conditions. Thus, 

the demands were determined to be low or 

high depending on the rain or not. The low 

retail demand was assumed to be uniformly 

distributed between 1 and 3 when it rains. 

The high retail demand was followed by a 

uniform distribution of U(7, 9) in case of no 

precipitation. Finally, the supplier who does 

not use meteorological forecasts may make a 

prediction for demands through an exponential 

smoothing technique.

3. Study methods

In many cases that businesses face, it is 

difficult or impossible to predict exactly for 

the future. It is because the information ava-

ilable to the decision-maker itself is uncertain 

[Fishburn, 1965] and because the other party 

feels uncertain since the decision-maker’s cri-

teria for judgment is uncertain [Lee, 1990]. 

However, the decision-maker in a business 

environment is requested to make the best 

choice even in situations where uncertain in-

formation is provided. Many a study sug-

gested various ways of lifting the efficiency 

of the supply chain by sharing information 

[Cooper et al., 1997; Croson and Donohue, 

2006; Hsiao and Shieh, 2006; Lanzenauer and 

Glombik, 2002; Porter and Mullar, 1985; Ste-

ckel et al., 2004; Stock, 1990; Thonemann, 2002; 

Zhao and Wang, 2002]. The previous study of 

Lee et al. [2007] and Mylne [2002] expanded 

the scopes of the previous studies by adding 

the concept of threshold concerning the use of 

meteorological uncertain information. Based 

on the Lee et al. [2007] and Mylne [2002], this 

study tries to show that businesses within the 

supply chain have different criteria for thre-

sholds and to get the optimal threshold com-

bination that brings about the best performan-

ces of the supply chain as a whole.

Simulations were made assuming that deci-

sions for orders take place everyday for over 

1000 days during the period of 2003～2005, 

and environmental variables like holidays and 

seasonal factors have not been taken into ac-

count. In order to make decisions from proba-

bility forecasts, the decision maker transforms 

each probability forecast to a categorical (i.e., 

yes/no) forecasts of adverse weather accor-

ding to the magnitude of the forecast proba-

bility [Mylne, 2002]. In effect, a decision to 

send a short message is made when the pro-

bability p% of the precipitation exceeds a cho-

sen threshold pt. Accordingly, the choice of pt 

determines the decision strategy and the value 

of the forecast. Simulations were conducted 

while altering the (prt, pwt) combinations, where 

the criteria for the retailer’s decision-making 

on the meteorological information were expre-
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ssed as ‘prt’ and that of the wholesaler as 

‘pwt’.

Total 81 combinations include (0, 0), (0, 10), 

(0, 20), …, (90, 80) and (90, 90), where com-

binations having 50 do not exist since there 

exists no forecast of 50% in an actual fo-

recast probability. The averages of backlogs 

and inventory recorded at retailer, wholesaler 

and supplier are calculated from the results of 

the simulations with each of 81 decision stra-

tegies, that is, threshold combinations.

Even if this study focuses on the commo-

dity of beer, in reality, the costs of backlog 

and inventory are varied according to the ty-

pes of commodities. Thus, simulations are re-

peated under various ratio of backlog to in-

ventory cost under the same conditions. The 

cost ratio of (backlog：inventory) concerned 

includes (3：1), (2：1), (1：1), (1：2), and (1： 

3). Since the foregoing simulations represent 

the data value resulting from hypothetical de-

mands generated by the uniform distributions 

and random numbers rather than actual con-

sumer demands, 50 simulations were repeated 

for generalization. To derive an optimal com-

bination, a Duncan grouping test was conduc-

ted by using SPSS 12.0 as a statistics pac-

kage. 

4. Experimental results

Results of the simulations are shown in <Ta-

ble 1>. (3：1), (2：1), (1：1), (1：2), and (1：

3) on top of <Table 1> represent the ratio of 

backlogs to inventory costs of each retailer, 

and the figures at the bottom represent the 

most effective threshold combinations belong-

ing to group 1 derived from the Duncan test 

for each retailer, wholesaler, supplier and ave-

rage of all the three players.

For instance, in the column of the cost st-

ructure of backlog and inventory with 3：1, 

the figure 38 in the first row of retailer’s 

column means the retailer can get the optimal 

performance when the retailer and wholesaler 

have a threshold of 30% and 80% in respect 

for probabilistic forecast.

Likewise, 38 and 39 is shown under the 

wholesaler’s column in the cost ratio of 3：1. 

The two figures mean that the Duncan test 

generated (30, 80) and (30, 90) threshold com-

binations for group 1, elements of which is 

statistically the most efficient decision strate-

gies. That is, when the ratio of backlogs to 

inventory stands at 3：1, the threshold com-

binations of the retailer and wholesaler of (30, 

80) and (30, 90) make the wholesaler most 

advantageous. The overall supply chain column 

provides the threshold combinations to maxi-

mize the overall efficiency of the supply chain, 

which is expressed by the average cost of 

backlog and inventory retained by the retailer, 

wholesaler and supplier.

<Table 1> indicates that in case the ratio 

of backlogs to inventory costs stands at 3：1 

and 2：1, it best serves to achieve the overall 

efficiency of the supply chain to choose the 

threshold combination that complies with the 

retailer’s criteria. This seemingly indicates 

that due to relatively high backlog cost, every 

individual player can get the most benefit 

from complying with its customer’s decision 
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<Table 1> The best threshold combinations for the cost ratio of backlog to inventory

Cost ratio of

(backlog：inventory)
(3：1) (2：1) (1：1) (1：2) (1：3)

Player R W S O R W S O R W S O R W S O R W S O

Best threshold 

combinations

38

39

38

39

36

76

38

67

66

37

39

49

69

34

38

39

36

37

38

39

38

66

36

68

37

39

48

46

67

69

49

76

36

38

76

67

37

39

66

49

69

34

38

36

39

37

38

39

37

63

73

38

39

37

76

67

49

66

34

68

38

37

39

34

28

29

73

63

36

38

39

37

76

67

49

69

66

34

36

34

37

38

63

43

28

29

72

73

36

38

39

37

76

67

49

69

66

34

36

34

63

43

37

38

Note) R：retailer, W：wholesaler, S：supplier, O：overall supply chain.

criteria, ultimately serving the best interest of 

the overall supply chain.

In the case of the 1：1 cost ratio, while the 

threshold combinations that serve the intere-

sts of retailer and wholesaler differ, it is more 

profitable to comply with the retailer’s criteria 

in order to achieve the overall efficiency of 

the supply chain. This implies that in an en-

vironment where the backlogs and inventory 

costs happen to concur, it may be profitable 

for each player to follow its own decision cri-

terion for befitting each individual player. How-

ever, this concept does not serve to achieve 

the overall interest of the supply chain as a 

whole. Rather, overall performance can be ma-

ximized when every player follows the retai-

ler’s decision criterion.

In the cost ratio of 1：2 and 1：3, each and 

all threshold combinations benefited to the in-

dividual player alone, only to fail to achieve 

the overall efficiency of the supply chain. This 

is caused by the fact that each individual 

player tries to minimize the level of inventory 

considering high inventory costs, rather than 

make a concerted and organized effort. The 

lack of integrated view of individual players 

could not lead to the overall efficient perfor-

mance of the whole supply chain.

Note that there existed threshold combina-

tions that lead to the best performance of the 

overall supply chain in all of the cost struc-

tures, namely, (30：80) and (30：70). The two 

threshold combinations represent that the re-

tailer has a threshold of 30% for the precipi-

tation forecast information and the wholesaler 

70% or 80%, respectively.

That is, the decision combinations where the 

retailer follows a threshold of 30% and the 

wholesaler 70% or 80% are able to achieve 

the overall efficiency of the supply chain re-

gardless of cost structures of backlog and in-

ventory.

Simulation results verified that the retailer, 

a main entity who responds initially to the 
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consumer demands in the revised beer distri-

bution game, could achieve the highest level 

of efficiency by using threshold of 30%. Also, 

notice that the 30% is the threshold proved to 

be the optimal decision strategy from Lee et 

al. [2007] and Mylne [2002]. On the other 

hand, the wholesaler’s threshold doesn’t re-

present 30% but 70% or 80%, which implies a 

single criterion alone cannot ensure the over-

all maximal profit of the supply chain where 

players’ business activities are organically re-

lated to each other.

Consequently, the results showed that the 

threshold combinations for meteorological fo-

recast information that will ensure an optimal 

efficiency of the retailer, wholesaler and sup-

plier might end up varying depending upon 

the relative costs of backlog and inventory. 

Furthermore, the optimal threshold combina-

tion of the retailer and wholesaler for each 

player in chain could or could not benefit the 

overall supply chain depending upon the cost 

structures of the backlog and inventory. 

This means that different threshold combi-

nations are to be applied depending upon the 

specific cost structures of the commodities 

concerned within the distribution industry as 

well as within the supply chain.

5. Conclusion

The previous study of Lee et al. [2007] pro-

posed that quantitative use of meteorological 

forecast information can have significantly po-

sitive effect on the decision-making regarding 

order via the supply chain and the determi-

nation of the level of backlog and inventory. 

This study expanded the previous result and 

derived the decision-strategies represented by 

the threshold combinations that would ensure 

the maximal efficiency of the supply chain. 

We adopted and revised the beer distri-

bution game, which was proved appropriate in 

modeling in numerous studies on the manage-

ment of supply chains. The conventional beer 

distribution game and the revised beer dis-

tribution game differ in respects as follows. 

First, in the revised beer distribution game, 

consumer demands are designed to be deter-

mined by precipitation events by using the ap-

propriate uniform distributions. Second, the four 

players in the conventional game were cur-

tailed down to three players by excluding the 

distributor in the supply chain. Third, it was 

assumed that the orders of each player would 

be processed in real time. While the consumer 

demands data was generated hypothetically 

by using uniform distributions, the weather fo-

recasts data was collected from the database 

of KMA (Korea Meteorological Administra-

tion) in order to enhance the reality of the 

model.

The corporate decision-making within the 

supply chain was done by means of a simu-

lation based on the MS Excel macro, assu-

ming that decisions were made every day. 

The efficiency of the supply chain was re-

garded as the backlog and inventory, and the 

ratio of backlog to inventory costs was set 

variably. This approach makes it possible to 

apply to various types of commodities and bu-

sinesses. This paper has a unique contribu-
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tion that the appropriate decision making stra-

tegies can be developed by considering the 

cost structures of commodities distributed in 

the supply chain.

The simulation results were analyzed in 

terms of the relative costs of the backlog and 

inventory. First, in case the backlog costs re-

latively run high, it turns out to be profitable 

for the player concerned and all the players in 

the supply chain to comply with the decision 

strategy made by the retailer. Second, when 

backlog and inventory costs are similar, the 

optimal decision strategies for each player and 

for whole supply chain are different. While the 

each player concerned has its own efficient 

threshold combinations for using meteorolo-

gical forecast information, the best threshold 

combinations for the retailer are proved to be 

most effective for the whole performance of 

the supply chain. Third, when the inventory 

costs relatively run high, the threshold com-

binations of each player concerned were not 

related to the profits of the supply chain as a 

whole. In all the three cases, however, the 

optimal threshold combinations for the whole 

performance of the supply chain were derived 

as (30, 70) and (30, 80), which implies that 

30% of retailer’s threshold for decision-making 

and 70% or 80% of wholesaler’s threshold mi-

ght maximize the whole profits of the sup-

ply chain. 

In conclusion, this study verified that the 

meteorological information can benefit each of 

players and overall supply chain. Furthermore, 

we generated the various decision strategies 

which are effective for each player and over-

all supply chain.
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