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ABSTRACT 

 

 The goal of this study is to determine the location of warehouses for a Thai manufacturer which produces and exports beverage to 

US. So far, the company has rented a warehouse in CA and distributed products to dealers in 45 states. However, the distribution cost 

was very high. Hence, we proposed the strategic warehouse decision model to determine which warehouses to be leasedso that the prod-
ucts are delivered from CA port to warehouses and from warehouses to dealers. Then, we proposed three echelon capacitated location 

problem with and without service range constraint. These models have the same objectives to minimize the total cost of fixed cost of 

leasing warehouses which are different in each location based on land cost and living expense, inbound and outbound logistics cost of 

warehouses. The result showed that the proposed model could save the weekly cost from $132,605.15 to $47,049.42 or 64.52%. In case 

of having service range constraint, we found that the higher service level (smaller service range), the higher weekly cost due to renting 

larger number of warehouses. When the number of warehouses is increased, the inbound distances are increased, but the outbound dis-
tances are reduced. The minimum weekly cost is to lease three warehouses in Utah, Delaware and Arkansas. In the future, when the 

demand is increased, the company could consider to set up own warehouse for long term saving. 
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INTRODUCTION 

 

To determine the best location of warehouses is 

one of the major strategic problems for companies or 

third party logistics providers which distribute the 

products. Major distribution costs normally consist 

of fixed cost of warehouse, operating cost of ware-

house such as storage cost, material handling cost, 

operating vehicles cost and driver salaries. The deci-

sion of the location has a long term effect for distri-

bution cost. Hence, the suitable location could save-

distribution costs substantially. Although the location 

of depots is an infrequent decision to make when 

compared with vehicle routing. Hence, for a mana-

gerial viewpoint, optimizing the location decisions is 

important and worth consideration for long term cost 

reduction because the decisions of operating ware-

houses has major effect on the routing. Specifically, 

the locations of warehouses influence the decision of 

customer allocation. 

In the distribution network, the basic location 

problem is two echelon capacitated location problem 

which is to determine the optimal locations for dis-

tribute the products from possible locations to cus-

tomers with a known capacity of warehouse such 

that the fixed cost of location settled is mini-

mized[5][8][17]. However, in an actual distribution 

network, it is multi-echelon distribution network 

such as our case study. Location problem could be 

formulated as integer program [5]. In addition, a 

location problem could be solved based on a set par-

titioning [3], set covering [12][20] and heuristics 

such as simulated annealing [1], evolutionary [14], 

fuzzy [11], and fuzzy AHP[16]. There are several 
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research explored on a multi-echelon capacitated 

location problem which was solved by LP relaxation 

[10]. More variant of location problem considered 

the stochastic location of customer [2][9]. Shankar et 

al.[18] studied a multi objective multi-echelon capa-

citated location problem and solved by hybrid par-

ticle swarm optimization. Later, Singhtaun and 

Charnsethikul [19] studied the facility location prob-

lem when the objective function was to minimize 

only the squared-Euclidean distance. On the other 

hand, our objective function combined the fixed cost 

of warehouses and the variable cost of transportation 

cost which depends on the distances. This would be 

the strategic decision for the company for long term 

utilization.  

The case study company produces beverage in 

Thailand and exports to the United States via sea 

freight to LA port. Currently, there is only one ware-

house located in California. Then, the products will 

be distributed to dealers at 48 locations in 47 states 

and Washington DC. The weekly renting cost for the 

warehouse is $15,000 and the transportation cost is 

$0.85/km. Moreover, the company needs to rent the 

truck where the renting cost varied by its capacity. 

The current weekly transportation cost is 

$132,605.15.Therefore, the company requires to 

reduce the cost by consider additional warehouses. 

The current distribution network is shown in Fig-

ure1. After analysis, we found that the delivery cost 

is extremely high since there are less than truck load 

(LTL) shipments from LA warehouse throughout the 

country. It is implied that the outbound logistics cost 

from the warehouse is very high. Hence, we pro-

posed a three echelon capacitated location model for 

the company by setting up the warehouses which 

receive products from CA port by full truck load and 

distribute products to nearby locations as shown in 

Figure 2. Using this model, we could reduce out-

bound logistics cost of warehouses. However, we 

may increase inbound logistics cost of warehouse, 

but in much less portion which leads to total saving 

logistics cost. We extended the study of Ongkunaruk 

and Jeenananta[15], by ignore their assumption that 

the fixed warehouse cost of all locations are identic-

al. Then, we estimated the fixed cost of warehouses 

at all locations from current survey [4][7][13]and 

living expense of each state [6]. We also focused 

only a strategic warehouse decision not the routing 

decision.

  

 
Fig. 1: A current distribution network of a case study-Two echelon distribution network 

 
 

 

Fig. 2: The proposed distribution network of a case study-three echelon distribution network 
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Model Formulations: 

The methodology started from collecting the da-

ta such as distances from state to state, warehouse 

capacity, leasing cost of distribution center and cost 

per kilometers. We referred the warehouse leasing 

cost of available warehouse from US websites 

[4][7][13] and for the remaining warehouses, we 

estimated from the living expense comparison from 

reference state to the target state [6]. Next, the prob-

lem was then formulated as a three echelon capaci-

tated location problems with and without service 

range. Then, we solved problems using IBM ILOG 

CPLEX version 12.4. Finally, the obtained optimal 

solution was compared with the current practice in 

terms of weekly cost, warehouse location, the num-

ber of warehouses, inbound and outbound distances 

and total distances.   

2.1Subscripts and Set 

i = a dealer index, I = a set of locations = {1…N} 

j = a warehouse index, J = a set of warehouses = 

{1…M} 

2.2 Parameters 

N = the number of dealers 

M = the number of warehouses 

Dij= a distance between point i and j 

iQ
= the demand of dealer i 

Sj= a capacity of a warehouse j 

Fj= a fixed cost of a warehouse j 

C = a cost per kilometer  

R=Service Range(kilometers) 

2.3 Decision Variables 
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2.4 Mathematical Model 

2.4.1 Three-Echelon Capacitated Location 
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2.4.2 Three-Echelon Capacitated Location 

Problem with Service Range 

Model 2.4.1plus the following constraint: 

    RxD ijij  JjIi  , (5) 

The objective function was to minimize annual 

total cost of fixed cost of leasing warehouses and the 

delivery cost from LA port (in CA) to the warehouses 

and delivery cost from warehouses to dealers as in 

Eq. 1.We ignored the operating cost of warehouse 

since we assumed that it is proportional to the ware-

house leasing cost. In our model, we assumed that the 

delivery cost is direct delivery from a warehouse to a 

dealer without milk run since we do not consider a 

routing cost. This implied that the actual delivery cost 

could be less than our delivery cost. Equation (2) 

implied that each group of dealers would be allocated 

to one warehouse only. Equation (3) implied that the 

total products allocated to each warehouse do not 

over its capacity. Equation 4 were specified that deci-

sion variables x, y is either 0 or 1. Finally, Equation 

(5) ensured that the distance of customer was no 

more than the required service range. Next, the prob-

lems were solved by an optimization package, IBM 

ILOG CPLEX version 12.4. 

 

Results and Discussion 

 
In our analysis, we explored 7 cases. The first 
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case referred to a model in section 2.4.1 and the 

second to seventh cases referred to a model in 

section 2.4.2 by varying the service ranges from 500-

4,000 kilometers. After solving the models, we 

compared the weekly cost (from total annual cost 

divided by 52), warehouse locations, the number of 

warehouses, inbound distances (from CA port to 

warehouses),outbound distances (from warehouse to 

dealers),and total distances of 7 cases versus those of 

the current model as shown in Table 1 and Figure 3. 

Next, the ware house leasing cost and warehouse 

allocation of 45 dealers were showed in Table 2. The 

results showed that the solutions for service ranges 

greater than or equal to 2,000 kms were the same as 

those of the problem without service range 

constraint. The three-echelon capacitated location 

problem could save the weekly cost to $47,049.42 or 

64.52%. However, when considered the service 

range, we found that the higher service level (shorter 

service range), the higher weekly cost due to renting 

larger number of warehouses. When the number of 

warehouses was increased, the inbound distances 

were increased, but the outbound distances were 

reduced. The minimum weekly cost occurred when 

the company leased three warehouses in Utah, 

Delaware and Arkansas. There were six states that 

had no demand i.e. West Virginia, Alaska, Hawaii, 

North Dakota, South Dakota and Wisconsin. In 

addition, there were no dealers in West Virginia, 

Alaska and Hawaii. The allocation of warehouses to 

dealers was shown in Figure 4-7, which the triangles 

represented the warehouses, the same color of 

locations indicated the same warehouse allocation. 

Next, we changed the objective function to two, 

five and ten years and solved the problems, the result 

showed that the solutions for all cases did not change 

because the cost was increasing as linear ratio. 

Hence, we concluded that the warehouse leasing cost 

had a major effect on the solution. The distance 

between warehouses to dealers was also effect the 

solution. In our model, we assumed the distances 

from warehouse to dealers directly which was 

different than in routing model which considered the 

distances between dealers and dealers. In summary, 

in the future, when the demand is increased, then the 

company will consider to set up the warehouse 

instead of leasing and the location routing model 

should be considered.

 

 
Table 1: The solutions comparison of current model and 7 proposed cases 

Cases Current 1 2 3 4 5 6 7 

model - 2.4.1 2.4.2 2.4.2 2.4.2 2.4.2 2.4.2 2.4.2 
Distance Service 

(kms) 
- 

 
500 1,000 1,500 2,000 2,700 4,000 

Total Cost ($/week) 
132,605.1

5 
47,049.42 119,416.15 64,909.60 49,796.67 47,049.42 47,049.42 47,049.42 

Cost Reduction (%) 
 

64.52 9.95 51.05 62.45 64.52 64.52 64.52 

Warehouse Location CA 
UT,DE,A
R 

FL,TX,NV,N

C, 

OR,CT,CO,I
N, 

UT,ID,NM,K

S,MT,MS,SD 

FL,NV,I

D,NE,DE

,MS 

CO,ID,M
I,MS 

UT,DE,A
R 

UT,DE,A
R 

UT,DE,A
R 

# of Warehouses 1 3 15 6 4 3 3 3 

Inbound distances 0 5,510 35,966 16,056 9,697 5,510 5,510 5,510 

Outbound distances 138,359 33,555.50 9,928 22,244.51 29,814.61 33,555.50 33,555.50 33,555.50 
Total distances 138,359 39,065.50 45,894 38,300.51 39,511.61 39,065.50 39,065.50 39,065.50 

Distances Reduction 

(%)  
71.77 66.83 72.32 71.44 71.77 71.77 71.77 
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Fig. 3:The comparison of weekly cost, distances and number of warehouses of current and 7 cases 

 

 
 

Fig. 4: The optimal network of Three-Echelon Capacitated Location Problem without service range and Three-

Echelon Capacitated Location Problem with service range greater than or equal 2,000 kms 
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Fig. 5: The optimal network of Three-Echelon Capacitated Location Problem with service range 500 kms 

 
Table 2: The warehouse leasing cost and warehouse allocation of 7 cases 

ID Abbrev. State 

Leasing 

cost 

($/week) 

Cases 

1/5/6/7 2 3 4 

1 CA California  15,000  UT NV NV ID 
2 NY New York  12,708  DE CT DE DE 

3 FL Florida  8,778  AR FL FL MS 

4 WA Washington  8,889  UT OR ID ID 
5 VA Virginia  5,556  DE NC DE DE 

6 IL Illinois  6,153  AR IN NE MS 

7 MA Massachusetts  8,542  DE OR DE DE 
8 TX Texas  7,778  AR TX MS MS 

9 NV Nevada  6,833  UT NV NV ID 

10 NC North Carolina  5,556  DE NC DE DE 
11 DC Washington DC  11,111  DE CT DE DE 

12 MD Maryland  5,972  DE CT DE DE 

13 OR Oregon  7,236  UT OR ID ID 
14 GA Georgia  4,514  AR NC MS MS 

15 CT Connecticut  5,000  D]E CT DE DE 

16 AZ Arizona  7,569  UT NV NV CO 
17 CO Colorado  4,028  UT CO NE CO 

18 IN Indiana  5,625  AR IN NE DE 
19 NJ New Jersey  10,833  DE CT DE DE 

20 PA Pennsylvania  5,903  DE CT DE DE 

21 MN Minnesota  4,965  AR SD NE CO 
22 SC South Carolina  5,556  DE NC MS DE 

23 OH Ohio  4,583  DE IN DE DE 

24 MO Missouri  5,931  AR KS NE CO 
25 TN Tennessee  5,694  AR MS MS MS 

26 UT Utah  4,649  UT UT ID ID 

27 ME Maine  5,056  DE CT DE DE 
28 NH New Hampshire  5,372  DE CT DE DE 

29 LA Louisiana  4,514  AR MS MS MS 

30 OK Oklahoma  4,028  AR KS NE MS 
31 ID Idaho  4,424  UT ID ID ID 

32 NE Nebraska  4,514  AR SD NE CO 

33 RI Rhode Island  5,552  DE CT DE DE 
34 NM New Mexico  4,333  UT NM NV CO 

35 KY Kentucky  3,889  AR IN MS MS 

36 KS Kansas  4,153  AR KS NE CO 
37 AL Alabama  4,288  AR MS MS MS 

38 DE Delaware  4,333  DE CT DE DE 

39 VT Vermont  5,417  DE CT DE DE 
40 IA Iowa  4,785  AR SD NE CO 

41 AR Arkansas  4,861  AR MS NE MS 
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42 MT Montana  4,375  UT MT ID CO 

43 MI Michigan  4,288  DE IN DE DE 

44 MS Mississippi  3,472  AR MS MS MS 

45 WY Wyoming  4,785  UT CO NE CO 
46 ND North Dakota  4,875  - - - - 

47 SD South Dakota  4,167  - - - - 

48 WI Wisconsin  4,514  - - - - 

 

 
Fig. 6: The optimal network of Three-Echelon Capacitated Location Problem with service range 1,000 kms 

 

 
Fig. 7: The optimal network of Three-Echelon Capacitated Location Problem with service range 1,500 kms 

 

Conclusions: 

We suggested the decision support model for a 

Thai manufacturer which produces and exports beve-

rage to US to determine the location of warehouses. 

At present, the company rented a warehouse in CA 

and distributed products to dealers in 45 states with 

the distribution cost of $132,605.15. Then, we pro-

posed the strategic distribution network by leasing 

warehouses to storage products from CA port and 

distribute to dealers. Next, we formulated three eche-

lon capacitated location problem with and without 

service range constraint. The objectives function was 

to minimize the total cost of fixed costs of leasing 

warehouses which were different in each location 

based on land cost and living expense, inbound and 

outbound logistics cost of warehouses. The result 

showed that the proposed model could save the 

weekly cost to $47,049.42 or 64.52%. In case of 
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having service range constraint, we found that the 

higher service level, the higher weekly cost. When 

the number of warehouses was increased, the in-

bound distances were increased, but the outbound 

distances were reduced. The minimum weekly cost 

was to lease three warehouses in Utah, Delaware and 

Arkansas. In the future, if the demand is increased, 

the company could consider to set up own ware-

house for long term saving.  
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