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The production cost of milk products in Tahvan is higher than most countries like America, 
New Zealand, Australia, and European countries. The main reason is that the scale of dairy 
farming is too small to save t.he labor cost and other ra·w milk producing costs in Tai\van. 
Moreover, the marketing costs including shipping, handling cost (between farms and factories 
as well as between factories and consumers) and company's other marketing cost arc major part 
of tot.al costs. In this paper, we would like to determine optimum routes to minimize the 
transportation cost of ra\-v milk bet.ween dairy farms and factories under the asslHnption 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 t.ransportat.ioIL cost. Then \vp 

consider the difficulty which we face to when we try to realize the least cost routc under 
current factory demand and area supply of raw milk in practice. Finally, \ve would like t.o 
consider some appropriate policy to make factories (dairy companies) c()operate ""it.h dairy 
farmers in order to reach the goal of least. transportation cost. 

INTRODUCTION 

Dairy farms and factories (plants) in Taiwan are located in 14 different counties 
(Hsien) as shown in figllrp 1. The proport.ion of farms' raw milk producing quantity in 
North, r.,·'1iddle, SOllth and East of Taiwan is 15%, 30%, 52%, and 3% respectively. 
However, the proportion of plants' raw milk processing quantity in North, 1-lidclle, South 
and East of Taiwan is 37%, 33.6%, 27.6%, and 1.6% n~spcctivcly 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. 
cOlllpafing with western part, eastern part has not only a suitable weather, but alsu 
cheaper lands. There may be another possibility to utilize the foothills for dairy farms in 
eastern part. According to the above figures, this kind of unbalanced distribution 
between dairy farms and factories causes high transport.ation costs and makes raw milk 
easily spoiled. As t.he figure 1 indicates, the milk consumption (ravl rr,ilk equivalent) 
concentrated on the north and middle of Taiv,ran. There must be another unbalanced 
distribution betvveen factories and consumers (stores), so it is a possible topic for our 
next research . 

. ~~s table 1 of present situation of delivering raw f11ilk, there are 14 counties (Hsien) of 
raw milk supply as well as 33 factories (belonging to 29 companies) in Tahvan in the year 
of 1996. The biggest three companies which mV11S two or three factories each have 67 
percent share of total ra\-v milk processing quantity. They do not set up fixed raw milk 
processing quantity for each factory (as table 1 indicat.es, from factory 1 to factory 7), 
because they adjust the processing quantity among t00se two or three factories 
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f 
Taoyuan Hsien 

Tainan City 

Kaohsiung Hsien 

Kaohsiung City 

SOW'ct. Jre (he same at in table 1 

Hwalien HSien 

I raw milk prodluing quantity 

m plaDl'I mUk processing quantity 

I milk cOD$uming quantity 
(raw milk equivalent) 

Fig. 1. Regional disu"ihutions of raw milk producing quantit.y, plants milk processing quant.it.y. and 
milk consuming quantity (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 

"~I'1 2 3 4 5 ~ ! 
7 8 9 10 11 12 13 14 15 16 17 

Area(H5lfnl 1" 1 8 : II 2 10 9 2 G 4 i 5 5 2 2 II 13 5 

I' Taipei I 2"jiiO! 1.602 !Ill ! 

Taoruan 16.442 :1l47 177 347 
Hsinchu 6.9V8 
!i-tiaoli 631 940 11,540 86 

;; Taichung 1.404 200 1.370 370 I,~JO 

Changhwa 11 ,223 657 22,455 I 773 , 5,15.1 
Kantou 1,184 , 1,497 
Yllnlin 24,040 5.522 

2,6,,)1 Chia)~ 7.135 9,058 
10 Tainan 8,873 26.:394 29.407 5,73,) 
11 Kaohsiungl li,260 96.5 4,707 1.547 
12 Pingtung :J4Wj 592 
J:J Taitung ;),928 
14 Hwalien 4,426 ! 

Total 1:).494 ll,2fiO :14,n09 20,m 32,;176 27,5():j 48:694 4,(178 22:5,1)~ .11,640 1,370 %9 10,4321 :147 1..547 3,928 6,442 

'x, ]]1"):, J6'~, :Il% 6.4% IO.:I'K 8.8% I l,'S,,'i).{, 1,;1% 7,2% 3.7% 0.4% 0.:3% 3.3% OJ'*' 0,5% 1.3% 2.1% 

~i 
I Taipei 

Taoruan 
Hsinchu 
~1iaoli 

18 
6 

Taichwlg 
Changhwa 1.66G 

7 Nantou 
8 Yunlill 

Chiayi 
10 Taman 
11 Kaohsiung 
12 Pinglllllg 
13 Taitung 
14 Hwalien 

19 20 
II 12 

21 
8 

2,058 
457 

2,m 
1.045 

22 
14 

23 24 
5 14 

200 

25 26 
6 I 

.... 

6JI 

2.973 
:l76 l,tm 

1,545 

27 28 
,3 II 

432 

215 

29 
5 

187 

30 31 32 33 TOlal1 % 

6 7 +_4. __ ,1_1_ +-___ _ 

lA86 291 

;}8 2,952 

5,204 1.7% 
20,112 6.4% 

7,4;JO 2.4% 
15,596 E..cr~ 

7,794 2,6% 
48,448 1~A':" 

3,883 1." ;i44 
:12,Tl9 11;,3% 
21,752 5,~, 

1,701 72,111 2,'H~ 
22.473 7.2% 
47,507 15.1% 
3,nS 1:3% 

i 503 ,187 

Tot.al 1- 2,188 2,187 9,&'(\16,:338 W3 200 )87 376 6,346 _ 432 4.14;)1--- 187 :18 4,~8.3 291 1,701 J14,'jJ4 I((~ 
% 0.7% 0.7% 11%1 2,()% 0.2% (I.l~ 02% (j,l f't, 2.C~~ 0.1% U% O_I~ 0,0% 1.6% 0,1%' 0,5% mfflll 

_.- -----~~~~~~~~ 

Source' Tmwan Proy,tlnal Department of Agncu1ture and Forestry 
'The number from 1 t.o 3:1 represents the factories, here we do not include the name of factories 

(company) because of privacy. 
10 The number in this raw indicates the area which factory is located in, and same as LIte number 

represented in the column of Area. 
I The nwnbcr of area from 1 to 4 indicates the north of Tai\van. 

The nwnber of area from G to 9 indicates the middle of Taiwan. 
The manber of area from 10 to 12 indicates the south of Tah\'al1. 
The number of area from 13 to 14 indicates the cast of Taiwan. 
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depending on the season and the local demand. Therefore, \ve estimated the quantity for 
factories from number 1 to 7 in table 1 throughout the survey including phone call and 
data collected of Taiwan rav,.' milk shipment quantity from supply counties to demand 
companies. \Vc made phones calls to those biggest three companies of dairy division to 
inquire their raw milk distribution situation for their factmies. For the company o",rning 
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 '1'ainan; factory 2 located in Yunlin 
processes raw milk shipped from the cOLmty of KaohsiWlg; factory 3 located in Kaohsiung 
processes raw milk shipped from the county of Pingtung. For the company owning 
factory 4 and 5 (as shown on table 1), its factory 4 processes raw milk shipped from the 
county of Chiayi and ChiaJ-i's north counties; its factory 5 processes raw milk shipped 
from Chiayi's south cOlmties. For the company owning factory 6 and 7 (as shOV"1:1 on table 
1), its factory 6 processes raw milk shipped from the county of Changh\va and Changhwa 
north counties; its factory 7 processes rav,' milk shipped from Changhwa's south counties. 
However, those t.hree companies do not absolutely follow t.his regular rule of 
transportation routes. As above mentioned, they may adjust the processing quantit).' 
among those two or three factories depending on the season and the local demand. 

Taiwanese dairy industry 
Before the study of transportat.ion problem in Tai,vanese dairy indust.ry, a hrief 

introduction of that industry is useful. Although consumption of milk products are 
getting widespread in Taiwan, the retail prices of ITlilk products are st.il1 high and 80 
percent of raw milk equivalent needs to be imported. Those imported dair~l products are 
mainly composed of manufact.ured dairy products. \\'1tile the rav.,' milk production in 
Tai\van 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 each producing and marketing stage. The 
distribution proportion rate of raw milk for the seaSOll of ,,,inter, "/arm, and surmner are 
40%,27%, and 33%, respect.ively. Thus, we calculate the raw rnilk price of $18.81Ikg. for 
the average factory purchase price of 1990 according to the rate. Hmvever, most fact.ories 
need t.o pay subsidies of transportation fee to the dairy fanners and take the risk of loss or 
spoiled, so we add SO.8/kg. for Chose costs which lead lite loLal cosl Lu $19.61/kg .. .r rUlIl 

the stage 2 to stage 3, we estimat.ed that the average processing cost is S9.59/kg. based on 
the survey of factories, which \VC may consider it is so high to cover 33% of selling price 
out of factory (9.59/29.2=33%). Moreover, we can tell that the marketing cost. is quite 
high from the stage ~} to stage 6 'ivhich almost Teaches 73 percent of a factor:~/s material 
cost. 

Based on the above analyses, it shows one feature of fresh drinking milk price 
constitution that each st.age's cost seems very high. Especially, the purchase price of rmv 
milk for fa'ctories is over 60% of factories' total cOf;L That. is because Taiwanese 
govenunent sets 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 t\vo dollars higher than before from June of 1997 due to global price increase of 
fertilizers and labor cost increase in Taiwan. The current imported dair~y products of 
Taiwan are mainly composed of manufactured milk products, however, it "vill be asked to 
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Stage AVER}'.CE I I WINTER I I W.".P ... Y.: I I SUMMER 
J I J I J I 

SI8.81- $15(40%) $20 (33%) $23 (27%) 

Collection Station 

n 
,., ,., ,., ,., 

$19.61 $15 121 $24 

~ 
ill 

~ 1 
$29,20 $22 $34(60%) 

~ ~ ~ 
N 

$32.4 $24 $38 

~ ~ ~ 
v 

$35.6 126 $42 

~ ~ ~ 
VI 

$43.6 133-$35 $50 

Unit.: '-rT$!kg. 
Source: Taiwan Council of Agriculturc, November 1991, based on 1990 data of milk fact.ories 
Winter: Dec., Jan., Feb., Mar. Warm: Apr., roby, Oct, Nov. Summer: Jun., ,lui, Aug" Sept 
(%): proportion of milk quantity ill that season to all of the year 
'Thc purchase price becomes 2 dollars higher ffDm June of 1997. 

Fig. 2. Average price of fresh drinking milk in each producing and marketing stage in 1990 
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open more market sh8Te for fluid milk including flavnrerl milk , long lift. milk and 
fermented milk when Taiwan becomes a member of WTO (World Trade Organization). 
(LiD, H. 'VI. 1997) If the price of Taiwan milk products still continues to maintain in such 
high level, it may face the problem of competition with imported products in the near 
future due to an open market, Therefore, under the trend of liberalization and 
internationalization, Taiwanese dairy industry will be asked t.o reduce tariffs and trade 
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subsidies, limit production quota, lower price support 3..,"; well readjust dairy structure. 
Some dairy farmers IIlay suffer from discontinuance of fann operation because of severe 
competitions. 

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

Cowltry 

Taiwan 
Japan 
German 
America 
Sngland 
\Jev .... Zealand 

Table 2. Comparison of dairy related (iat.a among selected countries 

Year 

19% 
1994 
1993 
1994 
1989 
19!J4 

Number of 
dairy fanns 

Number 

908 
48,000 

275,000 
148,690 
47,000 
14,64D 

Number Cows per Total milk 1Hlk per 
of CQl.l,'S farm production cow 

1000 Nwnber 1000 ton kg 
head 

66 69 ;-nR 4,788 
1.247 26 8,388 6,726 
5,293 17 34,097 6,314 
9,525 G4 80,:322 8,433 
2,933 62 16,822 5,854 

2,S:l1 193 12,Of,7 4,259 

Production 
cost per 100 

kg. 

US$ 

47.52 (lOO) 
64.95 l80~ ) 
38.94 (200) 
28.08 (172) 
23.62 (207) 
15.01 (WI) 

---_ .. __ ._--------_._---_._----

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

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

Unit.: OSSiper 100 kg. raw milk, % 

Fertilizers Wages RepiacenlPnt Interest Machine & Ot.hers Total 
livestock faciliLy 

deprecial.ioTl 
----------

Taiwan (1 99fl) 2[l.8,'j (),:l4 5.72 2.59 2.44 4_0 47,52 
% ;54.36 n34 12.04 5.45 5.13 968 lOll 

Japan (1995) 2~l.I)6 14,09 12.G:l l.G5 Ul5 5.67 64,95 

% 44.74 21.69 19.29 2.54 3.00 8.7:3 lOll 

Source Lui. Shoa Yin 1996 Rooking analysis of dairy farm management in Tahvan. Taiwan Council of 
Agriculture 
Taiwan Livestock Research Institute 
The Ministry of Agriculture, Forest.ry and Fisheries of ,Japan, Statistics and Information 
Department 
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In th is paper, we \'vill not discuss how to increase production or reduce the producing 
or marketing cost by changing any factors menlioned above. We would rather study how 
to lower the t.ransportation cost of raw milk under current eonditioll of its demand and 
supply_ Thus , we only consider the stage of shipping raw milk from dairy farms to 
factories while ignoring processing stage and the procedure of shipping milk products 
from factories to reta il stores, and test if current raw milk shipping system is under least 
transportation cost. 

THEORETICAL MODEL AND APPL ICATION 

Specification of theoretical model-classical transportation problem 
We specify the problem of determining the least cost solution for both of raw milk 

shipping qllantity and shipping routes as classical transportation problem a.'q follows. 

where 

Minjmjze Z = ~ t C tj ::r ij 
1 =t J =t 

Subject to the following condilions: 

fx ij ~ ai, i~I ,2" " , 1 4 
j=t 

tl' u ~ b j , j~I ,2 , " ',33 
i : l 

(total supply quantity ~t.otal demand quantity) 

c. ; unit transportation cost from supply area i to faetory j (table 4) 
.1: .j : shipment quantity from supply area i to factory j 
a, ; supply quantity of area i shu"". in table 1 (totaL of raw i) 
b, : demand quantity of factory j Sh O"'11 in table I (total of column j) 

The tahle 4 indicates the uni t raw milk transportation cost between supply areas and 
fa ctor ies by milk tank lorries. Act ually, it. is very difficuLt to collect the data of 
t.ransportat.ion fee hetween all of the factories alld dairy farms. As a result , we did the 
survey for some companies or facto ries to calc ulate the average unit raw milk 
transportation cost. The amount of the subsidies of raw milk transp ortation cost which 
factories pay to dair;y fanners is based on the distanee. The unit raw milk transportation 
cost is NT$O.4Ikg. for distance under 50 kilometer (kIll.), $O.65Ikg. for distance from 
51 km. r.o IO(lkm. , SO.ntkg. for the distance from 101 km. to 150km., $llkg. for distance 
from 151 km. 1.0 200 km. , $1.2Ikg. for distance from 20 1 krn. to 250km. , and $1.4Ikg. for 
distance over 250 km .. 

Opt imal solution of the transportation problem and its implication 
We solved the classical t ransportation problem spccifi~d above by linear progranuning 
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Table 4. Unit of raw milk t.ranspona(ion c:o::>t in HJ96 

~n , , 
~!LHsi£l\ J' 2 3 

I Taipei 400 12(X) 14(i) 

2 TaoYl.l<i1l 400 HX)j 141J) 

3 Hsinchu ,Ill !Ill 1200 
4 Mlaoli !XlO ~~ 1200 
G Taichu!1~ 1(1)) G:JJ leO') 

6 Chal\gbwi:!. 1(1)) 4(X) If OJ 

7 Nantou 1(0 ) 400 1(OJ 

8 Yunllll lZO\I 400 

: 1 • Chia,Y; 1200 400 
10 1'ai!lall 1400 000 41~ 

11 Kaohslung 1400 !Illi 400 

12 Ping" II1S 1 1400 900 400 
13 T-aiumg ,·ron 1400' 1200 
14 Hw,wcn 1400 1400

1 
1400 

, til l 4(,,1 14ft) 

41):"1 12(X) 

5.~) 12CH] 
6;,1) J{Xlll 

900 I 00) 

901.1 900 
IO rnl 900 
l~kl 650 
12((1 IW) 

12[1.1 4l)) 

14(M) 4ml 
1400 

MK'I 14()o:1 1400 
14!l) 1401\ 

Unit " NT$Jton 

6 1 7 8 9 .. - ~~_ ~ I 12 r:-114 15 16 17 

400 1 121J1! 
4L() 1200 
,m 1O\~ 

5~J 900 
!Ill 6.iII 1 
000 f~',() ! 

1(1)) &Ill! I 
Hm 4°Cll l 
m J 400 1 
120) (j50. I 
1400 651) I 
1400 6wll 
l.olO 1400 . I 
1400 1400 I 

!l()() i 100{! woo l 4lXi 400 1400 1400 liK(1 
of)() 90(1 900 ( 4L(1 4IXI 14(() 14(J{) 900 

@ 1000 
4\~ 9IlJ 
650 650 400 6:)1) , 650 1\)01 650 1200 1400 6..=.0 

~ 650 400 6.iII . 650 ~ 650 I~ 1400 6.iII 
IXJ) 400 6.iII 400 1 400 !Ill !Ill llXJ) l ~ 400 
9IlJ 400 6.iII 4001 400 9IlJ1 !Ill ~ ~ 400 
9IlJ 6.iII IXJ) .: 6.iII IIXJ)IIXJ) ~ ~ 6.iII 

IXJ) 6.iII IXJ) 6501 650 = 191lJ 1 a 1400 6.iII 
200 6G{) 900 6.11) 6:')0 120°1 1200 6fJO 1400 &)(1 

2()/1 900 :000 9()(1 9(10 1200 1200 400 14ril lXM! 
400 100tJ 1:lOO 1000 100011~JOI1400! ,00 1200 ItOO 
400 . 1Il00 IZOO 1Il00 1 1Il00 1400' 1400 4l)) IZOO I~I 
400 1400 1400 14oo[ 1400 , ~40r'- 14W. 1~1 0 1400 
400 ~ 1400 ~ ~, ~ 1400 ~ IZOO I. ...L-----'--__ 

:;~~ 1 
i 20-rl I 

1 -,-r :-r:-
Arm(Hsle:1 18 19 22 ! 23 24 25 26 

--1 
27 28 

1 
2 

I-r~i -· ·r-

9 30 31 -~:..t -~ 
I Taipei 11100 1400 14(Xl: 12001 14\'1 1 1000 1400 1~1~ 1 400 6>1 ].;OCI 

2 TaoYUiJll 00tJ 1400 14~il ][l{lO I 140J !I()) 1400 00tJ 400 6f~ 141XI 

3 H~iJld\U 650 iJOO 1~(() , J(~J H(XJ &SO i400 (~I)() Wi 4~J 1::'(X) 

4 )1iaoli K~J 12(1) l~:XI GfJrl t40J 
650 I 14(X) lliO I 000 4~) I 12OC'. 

6 Taichu!lg 400 l(()O 1!X1) &.51) J2()) 400 1200 4D\) 1!X1) 6.j/)' 1!X1)· 

0 Changhw;l 400 1(01} 11))0 4()) 1400 4\JO 141"10 4W 11111 6·50 I ")X, 
7 t\antou 6.iII lWO , 12t1O ~():, 1400 65(11 14W 6.5() 1Il00 9IlJ 11XJ) 

S Yw1lin 400 9001 000 4()] BOO 650 I 1400 I 4~1 IZOO 000 000 
9 Chia}; &50 650 650 4()1 1400 6!"JO 140

°1 
&ill IZOO HJlXl 6.')0 

101'dinan 000 41~ 400 000 1400 !~ 1400 IlOO 1400 1200 1 4iIU 

I I Kanhsiung 1000 400 400 IlOO l2QO iOl"() 1200 I!XI) 1400 12QO 400 
12 Pingwng lOll(] 4\~ 400 IlOO 12()'J I~~ 12011 I!XI) 14~1 1:100 400 
13 TaiLlJltg 141K) 1200 I2IKi 1400 12~) 1400 , 1:100 11400 1400 1400 1200 
14 Hwalien j 1400 1 14JO 1400 1400 O I 12'-~ \ 0 1400~ 1400 140i) I ~') 

Source: lHB8 Tanvan Walkmg Internet, for data of road dIstances 

(lO 1000 lC~)) i 91)) : 14UU II 

91)0 [100 1'.)XII IXi) r 14()J 
6 rIO f{)i] ')(Kl 4Ci; il2(Xl 

"005°. 1' (ifiO 1 J)J 400 121X) 
4 40() ](rOO i}.YJ iJ.:"'() I 
400; 400' l().)) IYi l &50 1 
f 

f ~ l ::1 
-
9 
600 650 
00 !li:() 

;(10 1000 If 
W 
14 "''' (~ , 

12 00 

100) 
1@ 

lll~ 

4l)) 9IJI , 
400 f¥JI 
000 ~Ol 

90:1 I~lli 
lIi1)) 121)) 

1200 1200 · 
1400 1400 
1-000, 14iX!' 

1(1.0) 

400 
400 
400 

1:100 
1400 

Th\:: data of anit transportation cost is th rough factoncs survey. 
"The numher from 1 to 33 represents the factories, here we do not include th e name of factory 

(company) because of privacy. 
When th~ facto ry is in the same place of supply area (fadory owns its own dairy farms) we consider 
that the ullit raw milk transportation cost is "0". 



Reducing RaH' Milk Transportation Cost 277 

method, and the results are ShUVVll in table 5 with the related data, indicating the 
optimum routes and quantity. The all transportation routes have a lot of 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 transport.ing method for the whole milk industry under the optimal 
solution of least transportation cost. 

It should be noted here that optimal solut.ion of classical transportation problem is 
usually not unique. \Ve can usually find many sets of optimal solutions. For example, all 
of the following sets of solutions are optimaL 

xu~3284+a 

x,,~20112 -a 
x.,,~595 -/3 
x",~190+/3 

x~~= r 
xw.,~11260 -r 

J7~2Ii= a 
X",n=/3 
x""~22655 -/3 
x,,~18416-r 

xw;~8526+r 

0<:' /3 <:. 595 

0<:' r <:'11260 

the values of other 450 (~33 X 14-12) Xu are as same as that in table 5 

We can change the value of parameters a, f3 , y and adjust the quantity of each route 
withollt changing total transportation cost. Thus, we can find infinite number of optimal 
solutions. If the value of j3 increases, the transportation cost of area 5 will reduce and it 
,Yiil increase in area 6. In addition, if the value of r increases, the transportation cost of 
factory 2 will reduce and it'll increase in factory 7. Thus, it is obvious 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 individual company 
and dairy farmers 'oVith 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 st.andard price and 
adjusts it according to the raw milk quality. (LiD, Y. C. 1996) 

Based on the data in table 1 and table 4, we can calculate the total current 
transportation costs, equal to 198,812,230 NT dollars (about 7,231,902 US dollars). 
Furthermore, the total transport.ation cost.s decrease to 178,786,550 NT dollars after 
applying the optirnwn 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 optimwn 
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 ot.hers shO\,\r a decrease. Nevertheless, the whole milk 
industry can save about 10 percent of transportation cost by utilizing t.he opthnum routes 
in table 5. There is one possible method to allocate those 10 percent saVE: to each 
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Table 5. Optimal solution of Ule transpon 3tion problem and related data 

Unit of quantity' ton 

~acton r 

Areaalsk~' j " 

2 
8 

3 
l! 

5 
!O 

6 , 7 
9 

8 
2 

9 10 11 12 13 )( 15 16 17 
5 4 5 :) 2 2 .1 I 13 5 

I Taipei 
2 Taoyual1 
:3 H~in (:hu 

4 Miaoli 
5 Taic;hung 
6 Ch:mghwa 
7 Na.nt()u 
8 Yunlin 
!1 Ghiayi 
10 Tainan 
II Kaj)hsi ur~ 

12 PingtWlg 
131'ilitung 
14 HwaJicn 

J~M 

2°',11 2

1 

7.4311 

5% 
100 

:1,1%1 

4,441 

I 116197 

I 
I I 18,416 
, I 21,752 

I 

7,1 99 
22,605 

[20,173 13,11I4 ' ,1;3(' 8,526 4,0781' 
! 6.743 

34,!i09 i 12599 

112l'l 

I 

.!~al QlIant~~ 35,494 JI1,26tJ 34:900 20.173i 32,376 27:50.348,69.1 4,078 22,65.') 11,640 
A=T.M.T.C. 18,856 7,3l!.1 .13,004 24.208 12,tfjO 28,1':;5 21,609 4,894 9,062 6,456 
R=T.C.T.C 42,.));J 10.134 13,%4 20,2.'17 17,3i'6 14,01 28,000 1,t):J I 9,062 4,656 

1,370 

860 1,0432 
344 6,781 

36..1 11 ,!I67. 

')29 10,7£2 

i I 
1,.)47 

3,928 

6,442 

l l7 1,547 3,928 : 6,442 

312 619 0 2,577 

139 o ~,~7'7 

o 2,:311 D=B*TAlTH :)8,042 9,11313,5.57 18.217 15,62t3 12.00425.185 1,467 8, 149 4.187 
f) -A J ~.l AA 1.794 -1,4(17 -6,991. 2,676 -1 ~,::4 1 3.fiifi -:l,427 ·913 -2,2f~9 

1,370 
f>1S 
f>1S 
493 
-liS -I'-i ;1,981 -1 B'i 

619 
;)56 

-&1 o -2(,0 , 
~F"'';)ry 18 19io 21 22 23 - 24 25 26 27 28129130 

ArealH~ _'_i_ + _1_1 + 1_2-+_8+ __ 1_4+_5-1-14_+ _0--+_ 1 _-+_:l+I _I_I-j'c-'_ 1 Ii 

1 Taipei i 1,920 : ,I 

- 1 I I t--

2 Tao>11::tn I 
3 Hsinchu I ! i 

4 Mii'\o1i I 432 
5 TaichWlg 
t3 Chaughwit 
7 Nantou 

200 187 

31 32 33 Total 
7 4 II 
- f- f- -- j----

5.204 
20,112 
7,43i1 

i 291 15.596 
7.794 

8 \'ulilin 2,188 6,338 376 38 t9i<1 

48,448 
3,883 

Jl;J:l9 
21.~ 

72.11 1 
22:473 
47.508 
3<J?JI 
;) .. ) [6 

9 Chia)i 
10 Tainan 
11 Kaohsiung 
U I'ingwng 
13 TaitullJ:! 
J.t Hwahen 

2,18i' j 

i 9,~ 4,145 

o 

1.701 

587 I 4,426 I 
To", Quanuty 2.18s -ij-f,,!--;'-g,S;;:;S4+6CO,338;;;;!--,;;:;''lc1) --;;:200"'i+-C~"'5;jit-c' 1-CC:I-"',C,+-'-6,:"'14c16 --;;432 4145 -- i8i+-~33+4~, 983~' +-~~'9-l111 -1~,7C~'1+-3~1 47,09~4-
A=1' . .\I.T.C. 875 873 :3,9;-14 2,:-~15 0 80 0; 150 6.004 173 1.558 75 15 !,fa3 116 1 580 178.787 
.l3=T.C.T.C J.~ 87.3 :3.9:):3 2.535 0 130 [) I 1M 6.2!17 173 1.712 iE- Fi 3,474 116 580 198.812 

_~_~.~_'_T_Aff_n __ %_;~.l) 1_~~_'7.L1 _:~_~~~_SL.-2~~_~.J: 1 ___ ~L.l;~} ___ :.lI_I_.:~.L Ii ._.~:_.:_~L.-:_:_: L.!~~_i~.l° __ ~:.L! _l_~L'_~:;_~~_: L.'_I;r.;.l' 1_~_12.LI_78_'7_88_ 
,.. ,** the nwnber indicates are same a5 the number in table I 

[ nit of A, R, and Dis NT$ 1,000 
A=T.M.C.=total minimum transportation cost of each factory 
R=T.C.T.C.=1.o\.al current transportation cost of each fact-Ol"y 
D= B X Total of Afr ow} of B=B x (178 ,787/ 198,812) 
l)- A=Diffc rcncc amount which each fact.ory should pay (when D-A is positive) or rec.eive (when 
[) A is negative) 
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factories as the follow. 

Approach system applied to the practice 
First, we c<:Iklllat.e 90 percent of original t.ransportation cost for each factory (we ean 

get this figure 89.93% by computing least transportation cost. d ivided by total current 
tran"portation cost showed in table 5), then figure out every factOlY's difference ( in table 
5 indicated in row of "O- A") bel\\o-eell 90% of it.s origina l t ransportat.ion cost and 
transportation cost under optimum routes. If the difference of some factofj! turns out to 
be POSitiVf\ it means efficiency under optimum system for this factory. This factory ean 
also offer the difference amount to til e factories \\-'hich difference are negative. 
Otherv.risC' , the factories with negative difference can rer:eive difference payments. 
Finally, evclY factory call save 10 pereent of transportatioTi cost.s if the systcm can be 
operated effectively. The ollly way is Ulat aU of factories need to cooperate well with each 
ot.her r,o adjust their transportation routes and to aHocate the difference payment 
rationally. 

CONCLUSION 

We specified the class ical transportal.ion problem to find out the least cost. solution 
for hoth raw milk shipping quantity and shipping routes in Taiwan. \Ve also illustra t.ed 
how to cffectivply implement t.he lcast cost solu tioTi. In thi.s case, dairy industry in Taiwan 
can save ahollt JO percent of raw milk transportation cost under least cost. solution. To 
reach the goal, \\'e need t.o create an appropriate system to allocat.e those 10 percent save 
to each factory and areas for implement.ing the least cost efficiently. Ot.hernise, we "vill 
not.. be able to realize those 10 percent save vl'ithout organizillg appropriate system to 
allocate it effedively-. 

AccordiIlg to the similar studies in ,lapan, they 8hmv that Japan dairy industry will be 
able to save about 11.9 percent of raw milk lram portation cost in September 1995, 17.1 
percent ill November 1996, and 28.R percent in December 19!16 (Kawaguchi, 1997), if the 
least cost solut.ions of [ransport ation problems are practiced effectively by appropriate 
systems to allocate those saves. 

There are sti1l some problems cannot he overcome in our study . For example, in this 
case \ve aSSllme all of transportation fee arc paid by the factories, but actually sorne 
factories pay oTlly part of it. . Another problem is regarding the method of distance 
measurement. in t his s tudy we use th e length of highway to measure the distance 
betweell two area (Hsien). For that reason, it may be a little different. from lhe actual 
driving di8t..allce. In such cases, we need to Ilse other appropriated method to allocat.e 
t.hose 10 percent save to each factory and to each areas. \Ve will try to measllre the actual 
driving distan.cc 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, botl1 
demand and supply may vary in the long- run foliu"ing the price change and other related 
changes. Thereforc~ in next paper, we are going to discllss the spatial equilibrium in the 
long-rull and to fmd out the equilibrium solutions for eaeh snpply area and each factory 
demand as well as equilibrium prices. 
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