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The production cost of milk products in Taiwan is higher than most countries like Anerica,
New Zealand, Australia, and European countries. The main reason is that the scale of dalry
farming is too small to save the labor cost and other raw milk producing costs in Taiwan.
Moreaver, the marketing costs including shipping, handling cost (between farms and factories
as well as between factories and consumers) and company’s other marketing cost are major part
of tolal costs, In Lhis paper, we would like to determine optimum routes to minimize the
transportation cost of raw milk between dairy farns and factories under the asswoption of fixed
supply and demand. We conclude that under the condition of least cost routes of classical
transportation problem, we can save around 10 percent of transportation cost. Then we
consider the difficulty which we face to when we try fo realize the least cost route under
current factory demand and area supply of raw milk in practice. Finally, we would like (o
consider some appropriate policy to make factories (dairy companies) cooperate with dairy
farmers in order to reach the goal of least Lransportation cost.

INTRODUCTION

Dairy farms and factories (plants) in Taiwan are located in 14 different counties
(Hsien) as shown in figure 1. The proportion of farms’ raw milk producing quantity in
North, Middle, South and East of Taiwan is 15%, 30%, 52%, and 3% respectively.
However, the proportion of plants’ raw milk processing quantity in North, Middle, South
and East of Talwan is 37%, 33.6%, 27.6%, and 1.6% respectively as in table 1. The east
part of Taiwan is currently a region of self-support and self-sufficiency due to the
inconvenience of transportation as well as the scarcity of population. However,
comparing with western part, eastern part has not only a suitable weather, but also
cheaper lands. There may be another possibility to utilize the foothills for dairy farms in
castern part. According to the above figures, this kind of unbalanced distribution
between dairy farms and factories causes high Lra,nsportallon costs and makes raw milk
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concentrated on the north and middle of Taiwan. There must be another unbalanced
distribution between factories and consumers (stores), so it is a possible topic for our
next research.
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of 1996, The blggest three companies thch owns two or three factories each have 67
percent share of totat raw milk processing quantity. They do not set up fixed raw milk
processing quantity for each factory (as table 1 indicales, from factory 1 to factory 73,
because they adjust the processing quantity among those two or three factories

269



ey,

270 L. Liveet al

%

eelung City
Taoyuan Hsien
Hsinchu Hsie
“u s
T :
Miagli Hsiens_ ...
e N
""\\.“‘-—-.c’/ 'T"“
Taichung Tamhungffs"m‘ -

=" 7

1
]
’ ‘l
i Nantou Hsien |
B A
S, we 1 . .
0 Yorin i ! Hwalien Hsien
Y Hsien.--—_ ~._ <
D "/ T -
T ChiayiHsien = sye-o
DO Penghu Hsien ,—Z..ﬁ A <
° TN Ik

LS

4
0

i ; S Taitu
Tainan City Hsi ng

sien

r

Kaohsiung Hsi

. en . 4 ] raw milk producing quantity
Pingtung /
Hsien

L.

i
Kaohsiung City {
'v.‘ B plants milk processing quantity
\

L)

§ milk consuming quantity
(raw milk equivalent)

Sources are the same as in table 1

Fig. 1. Regional distributions of raw milk producing quantity, plants milk processing quantity. and
milk consuming guantity (raw milk equivalent) in Taiwan in 1996
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Table 1. Raw milk shipment quantity from each supply area to each factory in 1996
Unit: ton
Factary, 1* | 2 3 | 4 5 | 6 | 7 8§19 |10 ;11 12 (13 | 14 [ 156 | 16 | 17
e (Hien) rlginf2jw|2lot2|s|4 (662211135
f
I' Taipel | 2580 : 1602 a1 |
2 Taoyuan 15,442 3147 177 347
3 Hsinchu 5,998
4 Miaoli 631 94) 11,640 86
5 Taichung 1,404 200 1370 RAH 1,290
i Changhwa 11,223 657 22450 [t 5153
7 KNantou 1,184 1,497
8 Yunlin 24,040 i 5522 ;
9 Chiayi 7153 9058 2,663
10 Tainan | 8873 76,394 29407 5735
11 Kaohsiung 11,260 965 4,707 1547
12 Pingtung N0 3492
13 Taitung 3,028
14 Hwalien 4‘426|
Total 35,454 [11,260|34,908320, 173 |32,370 27503 48604 | 4078 |22.652 11,640 | 15T MT| L647] 3928 6442
% 103% | 36% | 111% ] 6.4% | 10.3%; B8%1105% ) 13% 04% | 0.3% 01%| 05% | L% 2.1%
Factory; 18 | 19 20 | 21 | 22 | 23 |24 | 25 |26 | 27 0 28 | 20 {30 | 31 |32 33 Towal %
Area(Hsien] fi 11, 12 8 14 b 14 6 1 3 11 £ fi 7 4 11
I* Taipei Bl | 5204|174
2 Taoyuan 20,112 £4%
3 Hsinchu 432 74300 24%
4 Miaoli 223 148 291 15,596/ %
5 Taichung 2473 18 7,704 2%
§ Changhwa| 1,565 361 10T 38| 2962 48,448 |15 4%
7 Nantou : 200 4 3,883 Li%
8 Yunlin 42389103
4 Chisyi : 1,645 215 21,753 6.9%
10 Tainan 1,700472,111 |23.0%
11 Kachsiung 937} 3758 2473 734
12 Pingtung 2,187| 6546, 173 477G L%
13 Taitung f 628] 1w
14 Hwalien ! B30 87| 0 BAL6! LA
" Toal [ 2188 siw7] oseal 6338 503] w0 567| 37| 636] 452 41s| 1a7) 38|48 2900 1701 Bl 00
% 07| 07| 3.0%] 206 02%| 0% | 02 | 0.1% | 20% | 0% L% 01| 00% | LK | 0.1%° 05% ] 100%]

Source: Taiwan Provincial Department of Agriculture and Forestry
* The number from 1 to 33 represents the factories, here we do not include the name of factories
{company} because of privacy.
" The number in this raw indicates the area which factory is located in, and same as Lhe number
represented in the column of Area.
* The number of arca from 1 to 4 indicates the north of Taiwan.
The number of area from & to 9 indicates the middle of Taiwan.
The number of area from 10 to 12 indicates the south of Taiwan.
The number of area from 13 to 14 indicates the east of Taiwan.
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depending on the season and the local demand. Therefore, we estimated the quantity for
factories from number 1 to 7 in table 1 throughout the survey inciuding phoene call and
data colleeted of Taiwan raw milk shipment quantity from supply counties to demand
companies. We made phones calls to those biggest three companies of dairy division to
inquire their raw milk distribution situation for their factories. For the company owning
factory 1, 2, and 3 (as shown on table 1), its factory 1 located in Taipei processes raw milk
shipped from the county of Taipei, Yunlin, and Tainan; factory 2 Jocated in Yunlin
processes raw milk shipped {rom the county of Kaohsiung; factory 3 located in Kaohsiung
processes raw milk shipped from the county of Pingtung. For the company owning
factory 4 and b {as shown on table 1), its factory 4 processes raw milk shipped from the
county of Chiayi and Chiayi’s north counties; its factory b processes raw milk shipped
from Chiayi's south counties. For the company owning factory 6 and 7 (as shown on table
1), its factory 6 processes raw milk shipped from the county of Changhwa and Changhwa
north counties; its factory 7 processes raw milk shipped from Changhwa's south counties,
However, theose Llhree companies do not absolutely follow this regular rule of
transportation routes. As above mentioned, they may adjust the processing quantity
among those twe or three factories depending on the season and the local demand.

Taiwanese dairy industry

Before the study of transportation problem in Taiwanese dairy industry, a brief
introduction of that industry is useful. Although consumption of milk products are
getting widespread in Taiwan, the retail prices of milk products are still high and 80
percent of raw milk equivalent needs to be imported. Those imported dairy products are
mainly composed of manufactured dairy producis. While 1he raw milk preduction in
Taiwan are mostly processed 65% for fresh drinking milk, 15% for flavored milk, 8% for
long lift milk and 1% for fermented milk based on 1995 data. In figure 2, it shows that the
price constitutes of fresh drinking milk in cach producing and marketing stage. The
distribution proportion rate of raw milk for the season of winter, warm, and summer are
40%), 27%, and 33%, respectively. Thus, we calculate the raw milk price of $18.81/kg. for
the average factory purchase price of 1990 according to the rate. However, most faclories
need to pay subsidies of transportation fee to the dairy farmers and take the risk of loss or
spoiled, so we add $0.8/kg. for ihose costs which lead ihe tolal cost Lo $19.61/kg.. From
the stage 2 to stage 3, we estimaled that the average processing cost is $9.59/kg. based on
the survey of factories, which we may consider it is so high to cover 33% of selling price
out of factory (9.59/29.2=33%). Moareover, we can tell that the marketing cost is guite
high from the stage 3 to stage 6 which almost reaches 73 percent of a factory’s material
cost.

Based on the above analyses, it shows one feature of fresh drinking milk price
constitution that each stage’s cost seems very high. Especially, the purchase price of raw
milk for factodies s -gver 60% of factioios total posl, That ishepanss Talwaneee
government scts up the high guarantee purchase price for raw milk. Furthermore, the
purchase price of raw milk through the negotiation of dairy farmers and factories
becomes two dollars higher than before from June of 1997 due to global price increase of
fertilizers and labor cost in¢rease in Taiwan. The current imported dairy products of
Taiwan are mainly composed of manufactured milk products, however, it will be asked to
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Qiaoma [ AVCDA D ] r WINTLDD ] ( WA DA ] [ QITRIRAT B ]
Stage AVERACE WINTER WARM SUMMER
L Ak J L I J
I ;
Raw Milk 518.81° $15(40%) $20 (33%) $23 (27%)
Y
Collection Station
i 4 A 4 v v h 4
Factory $19.61 $15 321 $24
Processing l l l
m o
Fresh Fluid Milk $29‘ZU $22 534(60%)
. Out of factory l i l
Iy Wholesaler $324 524 $38
I } ' |
v .
Retailer $35.6 326 542
Vi
Stare $436 $33—335 $50

Unit: NT$/kg.

Source: Taiwan Council of Agriculture, November 1291, based on 1990 data of milk factories
Winter: Dec,, Jan., Feh., Mar. Warn: Apr., May, Oct., Nov. Summer: Jun., Jul., Aug., Scpt.
(%): proportion of milk guantity in that season to all of the year

* The purchase price becomes 2 dollars higher from June of 1997,

Fig. 2. Average price of fresh drinking milk in each producing and markcting stage in 1990

open more market share for fluid milk including flavared milk, tong 1ift. milk and
fermented milk when Taiwan becomes a member of WTO (World Trade Organization).
(Lio, H. M. 1997) If the price of Taiwan milk products still continues to maintain in such
high level, it may face the proklem of competition with imported preducts in the near
future due to an open market. Therefore, under the trend of liberalization and
internationalization, Taiwanese dairy industry will be askc_ad to reduce tariffs and trade
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subsidies, limit production gquota, lower price supporl as well readjust dairy structure,
Some dairy farmers may suffer from discontinuance of farm operation because of severe
competitions.

On the other side, the cost of raw milk production compared with other countries
seems too high (table 2). The environment of raw milk production in Taiwan is very close
to Japan’s. Table 3 tells us that the cost of fertilizes and wages holds obviously an
important proportion. To reduce those costs is not an easy work, so the better way to
solve the problem should be increasing the productivity in both countries. Some reasons
causing low productivity, especially for Taiwan, are the weather, dairy farm operations
and technologies and etc.. It seemns difficult to improve those factors not only because of
the cost bul also the uncontrollable natural conditions such as weather, location, and
geographical features.

Table 2. Comparison of dairy related data among selected countries

Number of Number Cowsper Tetalmilk Milk per Production
dairy farms of cows farm production COW cost per 100
kg.
Country Year Number 1000 Number 1000 ton kg Uss
head
Taiwan 1995 968 66 6% 318 4,788 47.52 (100)
Japan 1994 48,000 1,247 26 8,388 6,726 64.95 (80~)
German 1993 275,000 5,293 17 34,007 6,314 38.94 (200}
America 1994 148,690 9,625 54 80,322 8,133 28,08 (172)
England 1989 47,000 2,933 52 16,822 0,804 23.62 (207)
New Zealand 1994 14,648 2,831 193 12,067 4,259 15.01 (181)

Scurce: Taiwan Council of Agriculture;, The MAFF of Japan, Statistics of Livestock Products
EC Dairy Facts & Figures; Statistics New Zealand, LIC; USDA Agricultural Statistics

Table 3. Composition of raw milk preduction cost in Taiwan and Japan

nit: USS/per 100 kg, raw milk, %

Interest

Pertilizers Wages  Replacement Machine & Others Total
livestock facilily
deprecialion
Taiwan (1995) 26.83 .34 5.72 2.59 244 4.6 47562
% a4.36 13.34 12.04 5.45 513 968 100
Japan (1995) 29,06 14.09 2:53 1.65 1.95 5.67 64.95
% 44.74 21.69 9.29 2.54 3.00

B73 100

Source: Lui, Shoa Yin 1996 Booking analysis of dairy [arm management in Taiwan. Taiwan Council of
Agriculture

Taiwar Livestock Research Institute

The Ministry of Agriculture, Foresﬁy and Fisheries of Japan, Statistics and Information
Department
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In this paper, we will not discuss how to increase production or reduce the producing
or marketing cost by changing any factors mentioned above. We would rather study how
to lower the transportation cost of raw milk under current condition of its demand and
supply. Thus, we only consider the stage of shipping raw milk from dairy farms to
Tactories while ignoring processing stage and the procedure of shipping milk products
from factories to retail stores, and test if current raw milk shipping system is under least
transportation cost.

THEORETICAL MODEL AND APPLICATION

Specification of theoretical model-classical transportation problem
We specify the problem of determining the least cost solution for both of raw milk
shipping quantity and shipping routes as classical transportation problem as follows.

Minimize 2= 3% ¥ ¢, x,
i=1j=1

Subject to the following conditions:

Fid
2wy =a;, i=12,.14
F=1
it

E«’I",ﬁj :b.} 1 j:l_,2,'“,33

i=1

x,20, =12, my 7=12,n m=14 n=33

%ai = ib , (total supply quantity =total demand quantity)
{=] =1

where

: unit transportation cost from supply area i to factory j (table 4)
&, : shipment quantity from supply area i to factory j

a,; : supply quantity of area i shown in table 1 (total of raw i)

b, : demand quantity of factory j shown in table 1 (total of column j)

The table 4 indicates the unit raw milk transportation cost between supply areas and
factories by milk tank lorries. Actually, it is very difficult to collect the data of
transportation fee between all of the factories and dairy farms. As a result, we did the
survey for some companies or factories to calculate the average unit raw milk
transportation cest. The amount of the subsidies of raw milk transportation cost which
factories pay to dairy farmers is based on the distance. The unit raw milk transportation
cost is NT$0.4/kg. for distance under 50kilometer (km.), $0.65/kg. for distance from
51km. to 100km., $0.9/kg. for the distance from 101km. to 1560 km., $1/kg. for distance
from 151 k. to 200km., $1.2/kg. for distance from 201 km. to 250km., and $1.4/kg. for
distance over 250 k..

Optimal solution of the transportation problem and its implication
We solved the classical transportation problem specified above by linear programming
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Table 4. Unit of raw milk transportation rost in 1996
Unit: NT$/ton

Factory I 1 1 ]
ot~ | | 2|3 | 4|56 7|8 8 101112 13|14[15])16|17
U Taipei | 40| 1200 1900 40} 1400 400| 1200| 40l 1om0| oo 10oof w0l 0l 00| 1400 1400| 100
2 Tacyuan | 400| 1000| 1400| 400( 1200 400( 1200 400| 9B0| 650, 90| 00| 400 400| 1400 1400| 00
3 Hsinehu | 650) 900| 1200 20| 1260 650| 1000 60| 650\ 400| 6A0| Be0| 630 B50| 1260 14 a0

Miaoli a0 w00 1200\ 6AD LOOD) 60| Y00 6501|6500 400| B0, 6BO| 630|650 1200) L400{ 60
Taichung | 1000] DOE0) 10001 800y 900 900) 630( 00| 400) 6301 400 | 400{ 900 900" 1000| 1400|400
Changhwa| 1000 40| 1000 900 60| 900| 630; 900| 400 &30| 2001 400 900| 9K Loon| L400| dou
Nantou 1000 400 1000 106D 00| 1000| 630 1000| 60| 00| 650 i 850N 10001 1000 1000 | 1400| 650
funtin 1200 4001 900, 1000| 660| 1000| 4BG) 10000 6501 G00| 50} 6A0] 1000, 1000, GO0| 1400} 630
9 Chiayi 1200 40G| 650| 1200| G633| 1200 400| 1200f 650 900| &50| 650| 1200 12000 6AO| MO0} 650
10 Tainan H00| 650| 400{ 1200| 400) 1200] 650 12000 900) 1000 9007 800| 1200] 1200 | 4001 1400| 9K
11 Kachsiung| 1400| 900] 400( 1400) 400 1400| 650 1400] 1003] 1200| 1000 1000| 1400] 1400, £00| 1200| 1000
12 Pingtung | 1400 900 400| 1400 400| [400[ €50| 1400, 1000] 1200 IDU(J| (000 1400: 00| 400 1200{ 1000
153 Taitung 400§ 14007 1200( 14007 1400 1400| 14001 1400 | 1400| 1400 [ 14007 14001 1400 140¢| 1200 0] 1400
14 Hwalien | 1400| 14007 406f 14007 15000 14001 1400 1400 1200( 1400 lﬂﬂ 1200 1400 14007 L4661 1200 1200

| L . 1

T e

o0 =3 O

Factory T YT T

Arva(Heey 18| 19|20 | 21| 22|23 |24 |25 |26 |27 28|29 |30 |31 3233

1 Taipei 1000 1400] 14007 12007 t400) 1000| 1400 [000| 400| 6507 00| 1000 1000) 1000, &0, 1400
& Taoyuan 900( 1400 1400| 1000| [400| 900| 14003 9001 400| 650| 1400| 90D| GO0\ 1000| B3| 1400
3 Hsinchu 650| 1200] 1200 00| 1000 50| 1400|650 630| 400( 1200| 650| 650| BOO| 400) 1200
4 Miaoli 630| 12001 1200] 500| 1400| 650| 14001 650| WO| 400 1200: 630| 6AO] H00| 400 130
o Taichung | 400| 1000 1000 650| [200| 400 12000 400| 1000 B30 1000] 400| 40| 80| 530, 1000
f Changhwa| 400| 1000 1000) 400 [400) 400| 1400( 4001 1000] 630] 1000) 400° 4000 30| 630| 1000
7 Nantou B50| 1000] 1200| 408 1400{ 650) 14000 6300 1000 9007 1000 656) 630, 400| 9001 1000
8 Yunlin 400( 900 900|400 1400| 650 1400: 400] 12000 900 G00| 60| 400[ 400 S 500
9 Chiayi 650 fdf| A30| 400) 14000 650 MOo| S50 1200) 1000 650) 630| 650 630 9N 650
10 Tainan 0| 40| 400|650 1400) 0| 1400] G00) 1400| 1200 400) 2001 WD S00| 1003, 400
11 Kachsiung| 1000| 400| 408 900| 1200| 1000| 1200 1000 | 1400| 12000 400) 1G00( fg00( 1400| 1200( 400
12 Pinglung | 1000| 400| 400| 900| 1200 1000( 1200 1000| 1400( 12007 400| (00| 1000 1206 120C- 400
13 Taitumg | 1400{ 1200 1201 1400| 12007 1460% 1200 1400) 1400| 1400( 1200| 1400: 1400 1400| 1400 1200
14 Hwalien 1 1400 14 1400) 1400 0y 1200 0 143}“\ 1400 [ 14007 1400) 1200} 1400] 1400 14!‘)0] 1400

i 1 e :

Source: 1998 Taiwan Walking Internct, for data of road distances
The data of unit transportation cost is through factories survey.
*The number from 1 to 33 represents the factories, here we do not include the name of factory
(eotpany) because of privacy.
When the factory is in the same place of supply area (Tuclory owns its own dairy farms) we consider
that the unitl raw milk transportation cost is “0".
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method, and the results are shown in table 5 with the related data, indicating the
optimurn routes and quantity. The all transportation routes have a lol ol change
comparing in both of table 1 and table 5. The number of transportation routes in table 1
is 69 and it shifts to 45 in table 5 excluding one route which quantity is zero, which means
it simplifies the transporting method for the whole miltk industry under the optimal
solution of least transportation cost.

It should be noted here that optimal solution of classical transportation problem is
usually not unique. We can usually find many sats of optimal solutions. For example, all
of the following sets of solutions are optimal.

rn=3284+a Xw=1920-a

Zn=20112-a Lomi= 0< o <1920
X5=b695~8 Xw=F8

2,=190+73 Te=226565-5 0< B < 595
=7 Tw=18416 -7

210~ 11260 7 Ty =BB26+7 0< ¥ <11260

the values of other 450 (=33X14-12) x; are as same ag that in table 5

We can change the value of parameters a , 5,7 and adjust the quantity of each route
withont changing total transportation cost. Thus, we can find infinite number of optiral
solutions. If the value of /5 increases, the transportation cost of arca 5 will reduce and it
will increase in area 6. In addition, if the value of ¥ increases, the transportation cost of
factory 2 will reduce and it'll increase in factory 7. Thus, it is cbvious that the
transportation costs for each factory are usually different depending on the optimal

solution used.

RESULTS AND DISCUSSION

The delivery routes and quantities of raw milk is determined by individuai company
and dairy farmers with the contracts, with support and supervision from the government,
Taiwan Provincial Department of Agriculture and Forestry. First of all, the government
determines the standard raw milk price based on the production cost of raw milk. Tn
addition, the factory pays the amount to dairy farmers based on the standard price and
adjusts it according to the raw milk quality. (Lio, Y. C. 1996)

Based on the data in table 1 and table 4, we can calculate the total current
tfransportation costs, equal to 198,812,230 NT dollars (about 7,231,902 US dollars).
Furthermore, the total transportation costs decrease to 178,786,550 NT dollars after
applying the optimum routes. It means that the total raw milk industry can save about 10
percent of transportation costs if the raw milk delivering system is according to optimum
routs.

The problem here is how to create an improved system to reach the goal of least
transportation cost. According to table 5, some factories show an increase of
transportation costs, but the others show a decrease. Nevertheless, the whole milk
industry can save about 10 percent of transportation cost by utilizing the optimum routes
in table 5. There is one possible method to allocate those 10 percent save to each
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Table 5. Optimal soluticn of the transportation probler and related data

Unit of guantity: ton

Factory] ¢ 2 3 4 5 6 7 8 i 9 |10 (11 |12 |13 | 14 |15 | 16 17
Arcalllsien) 1~ 2 11 2 ] 10 2 9 2 2} 4 5 5 2 2 11 13 5
1 Taipei 3,284
2 Tacyuan |20,112
3 Hsinchu | 7430 )
4 Miaoli ‘ 4441 10432
5 Taichung | 5% 7.198
6 Changhwa| 190 ) 16,197 22 666 13701 860 M7 6,442
T Nantou 3883
& Yunlin 18416 » :
% Chiayi 21,750 i }
10 Tainan 11,260 20173 13.034] 11306 8526| 4078 C1LAT
11 Kaohsiung, : 6,743
12 Pingtung 34909 12,598 , 1 ,
13 Taitung : g : 3928
14 Hwalien ' i
Total Quantity }35,494]11,260 134,909 (20,173 32,376| 27503( 48 604 4078|22,665(11640( 1,370] 8601 0432] MT| 1547 3,928 6,442
A=TM.T.C. |18856] 7314 13,964 (24.208(12,950| 28,145/21 609] 4,854 | 9062| 6456 548! 44| 6781 312 619 & 2577

B=T.CT.C |42303(10,134{13,964|20.257 17,376 | 1401628006 16311 9,062 4.656| 548 365|11967 136 610 | 2577
D=R*TATE [48042| 9113(12557| 18217 15,626] 12.604]25,185| 1467| 8,149| 4,187 | 463| 320/10762° 125| 256 02317

D-A 19186| 1794|1407 -5.991| 2,676|-15501| 3576|-2427 -013|-2.268| -B5| -15| 398L -I8T| 63| 0| -260

Factory| 18 (19 {20 |21 2223 [ 24 |25 (26 |27 28] 20 [ 30 |31 [32 |33 | Towa
e bt 12| 8 |5 [y 6 |1 |3 11166 | 7|4 |N -
1 Taipei : 1920 5204
2 Tagyuan 20,112
3 Hsinchu 7430
4 Mial 43 291 16,96
5 Taichung 7.794
§ Changhwa 3 200 : 187 . 48 448
7 Nantou ! | 3883
8 Yunlin [ 218 5138 376 381 4983 ' 32384
4 Chiagyi : 21.782
10 Tainan 2187 72111
11 Kaohsiung 9884 4145 L70L| 22473
12 Pingrung 47508
13 Taitung 1] i 3928
14 Hwalien 503 587 4426 5516
Total Quancity | 2.188] 2187] 98%4] 6358] 503] 200] 387} 76| 646 N N T R I
A=TMTC | &m| 873 305t] g3s5)  o| su| o) 150| 6os4| 172f (638 TB| 13;1.983| 116| 68| 178787
B=TOT.C 11006 875 3953) 2555 0| 130] o| 61| 6297) 173 LTIZ|  TE| 15! 3474 118| 68| 198812
D-B*TaTR | oomsl 7er| ashiozosnl b LT) ) 1350 a8A3) 16| LS| 67| 14[ 5i24| 10B| 12] 17878
D-A S ] R 1 1 B0 5|Lam| -18) -l 8p o)Ll I

* ** the number indicates are same as the number in table 1
Unit of A, B, and D is NT$ 1,000
A=T M.C.=total minimum transportation cost of cach factory
B=T.C T.C.=lotal current transportation cost of each factory
[D=B X Total of A/Total of B=B X (178,787/198,812)
D-A=Difference amount which each factory shoull pay (when D-A is positive) or receive (when
[} Ais negative)
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factories as the follow.

Approach system applied to the practice

First, we calculate 90 percent of original transportation cost for each factory (we can
get this figure 89.93% by computing least transportation cost divided by total current
transportation cost showed in table 5), then figure out every factory's difference (in table
5 indicated in row of “D-A") between 90% of its original transportation cost and
transportation cost under optimum routes. If the difference of some factory turns out to
be positive, it means efficiency under optimum system for this factory. This factory can
also offer the difference amount to the factories which difference are negative.
Otherwise, the factories with negative difference can receive difference payvments.
Finally, every factory can save 10 percent of transportation costs if the system can be
operated effectively. The only way is that all of factories need to cooperate well with each
other to adjust their transportation routes and to allocate the difference payment
rationally.

CONCLUSION

We specified the classical transportation problem to find out the least cosl solution
for both raw milk shipping quantity and shipping routes in Taiwan. We also illustrated
how to effectively implement the least cost solution. In this case, dairy industry in Taiwan
can save about 10 percent of raw milk transportation cost under least cost solution. To
reach the goal, we need to create an appropriate system to allocate those 10 percent save
to each factory and areas for implementing the least cost cfficiently. Otherwise, we will
not be able to realize those 10 percent save without organizing appropriate system to
allocate it effectively.

Accordmng to the similar studies in Japan, they show that Japan dairy industry will be
able to save about 11.9 percent of raw milk transportation cost in September 1995, 17.1
percent in November 1996, and 28.8 percent in December 1996 (Kawaguchi, 1997), if the
least cost solutions of transportation problems are practiced effectively by appropriate
systems to allocate those saves.

There are still some problems cannot be overcome in our stikly. For example, in this
case we assume all of transportalion fec are paid by the factorics, but actually some
factories pay only part of it. Another problem is regarding the method of distance
measurement, in this study we use the length of highway to measure the distance
between two area (Hsien). For that reason, it may be a little different from the actual
driving distance. In such cases, we need to use othcr appropriated method to allocate
those 10 percent save to each factory and to each areas. We will try to measure the actual
driving distance to improve our analyses in future study.

The most important remark to make about this paper's model is that we specified the
model in short—run under the assumption of given demand and supply. However, both
demand and supply may vary in the long-run following the price change and other related
changes. Therefore, in next paper, we are going to discuss the spatial equilibrium in the
long—run and to find outl the equilibrium solutions for each supply area and each factory
demand as well as equilibrium prices.
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