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ABSTRACT 

Due to the strategic impact of a facility location decision, a 

location search requires thorough analysis of numerous location 

factors. The difficulties in multi-factor analysis of location decisions 

have been challenged hy many location researchers. This dissertation 

investigates the design and implementation of a geographic 

information system-based decision support system (GISDSS) in the 

facility location domain. The GISDSS for locating a manufacturing 

facility is intended to assist facilities planners in improving the 

quality o f  strategic decision-making in facility location. 

A review of past location studies was conducted to identify the 

major considerations for locating a facility and to develop a taxonomy 

of location factors for Thailand. The GISDSS incorporates a 

chromatic representation location model and vastly accepted location 

factors. A geographic information system (GIS) is used with the 

location model to manipulate data, and identify suitable sites. The 

recommendation on the best location is furnished to a user through a 

Visual Basic-based interactive graphical user interface. The GISDSS 

for faci I ity location provides users with location recommendations in 

both a graphical format, i11ustrated by the color displays� and a 

numerical format, quantitatively stated by the color equation. The 
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system also makes transparent its recommendations via explanation 

reports. 
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I. INTRODUCTION 

A .  RESEARCH S IGNIF ICANCE 

The sel ecti o n  of  a new fac i l i ty l ocati o n  rank s  amon g  the  most 

important d e c i s i o n s  made by c ompany management. A fac i l i ty 

l ocati on dec i s i o n  i s  strateg i c  i n  nature an d imp l i e s  commitment of a 

l arge s um of money to cover h i g h  i n it ia l  i nve stment costs .  The impact 

of fac i l ity l ocati o n  dec i s ions  can  l ast years i nto the future . B us iness  

expans ion  or conso l i dati on,  for e xample ,  impo ses  a maj or  cause for 

consi der ing a new pl ant locati on .  

The  probl em of  l ocati ng a new fac i l ity i s  a cr iti ca l  concern a s  i t  

affects the future profitab i l ity a n d  producti v ity of a fi rm. Company 

management therefore encounters an important task in fi n d i n g  the 

most su itab l e  s ite fo r a new fac i l i ty . 

The ex i stence  of several  i ntang ib le  factors as wel l  as  tan g ib le  

ones  pose  a m aj o r  concern for obta in ing  the s o l ut ion to  the  l ocati o n  

prob lem.  Prov id ing  management with the best poss ib le  approach for 

deve l op ing  a qua l ity deci s ion  o n  the se lecti o n  of a new fac i l i ty 

l ocati on i s  thu s  a prime cha l l enge .  
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B .  THE LOCATION PROBLEM 

For  effective ly  so lv ing  the fac i l i ty l ocati o n  prob lem,  the 

acquis i t ion and an alys i s  of vo l um i nous  amounts of inform ati o n  as 

we l l  as the i denti fi cati o n  of an appropri ate s ite which best fits the 

company ' s  needs are requ i red .  A var iety of factors,  such as cost of 

el ectric ity and water, avai l ab i l ity and cost of  l abor, taxes,  ava i l ab i l ity 

of industri a l  park s ,  and i nvestm ent promotion zones have influence o n  

mak ing  a dec i s i o n  o n  a n e w  fac i l ity l ocati on .  I n  general , there are two 

types of  l ocati on factors ; quantifiab l e  and nonquanti fiable  factors .  

The fi rst one i s  q uant ifiab l e  i n  numer ical terms and inc ludes  such  

factor as  cost of  l and  and magnitude of market. The  second one  

concerns qual i tati ve  va l ues ,  for example ,  prox im ity to  market an d 

qual ity of  l i fe i s sues (Harvard B us iness  School ,  1 9 8 9 ) .  

Locati o n  dec i s ions  fo l l ow t h e  h i erarch ica l  structure as depi cted 

m Fi gure I. At th e h i ghest leve l ,  the p l anners decide whether to 

l ocate th e fac i l ity i n  Tha i land  or overseas .  If Tha i land  is se l ected ,  the 

eval uati on then proceeds down the h i erarchy to cons ider the preferred 

locations .  
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SITE 
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Within the scope of this research. 
Not in the scope of this research. 

Fi gure 1 .  A Fac i l i ty Locat ion Hierarchy 

In analyzi n g  the h uge amount of inform at i o n  on l ocat ion 

a l ternat i ves ,  fac i l i ty l oc at ion mode l s  ran ging from s imple  rank ing and  

scor ing mode l  to  more sophi sti cated techni ques such  as m athem atical  

programming  and com puter programming  have been used.  Both 

obj ect ive and subj ect ive  factors may be taken i nto cons i derat ion . 

A geograph i c  i nfo rmat i o n  system-based dec i s i o n  s upport system 

(GISD S S )  can help fac i l i t ate the solut ion to the fac i l i ty l ocat ion  

problem .  The G I SD S S  incorporates a chromatic  representat ion  

l ocat ion  m odel  and  v ast ly accepted l ocat ion factors .  A geograph i c  

i n formati o n  syste m  ( G I S) i s  used  wi th  the locat ion  mode l  t o  

m ani pul ate data, a n d  i dent ify suitab l e  s i tes .  The ab i l i ty to  s upport 

fac i l it ies analysts with a re l iable ,  yet t ime and  c ost-effect ive 
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procedure i n  arn vrn g at h i gh qua l i ty dec i s i on s  1 s  primary advantage 

of th i s  approach .  

C .  RESEARCH OBJECTI VES 

T h i s  research i ntegrates a dec i s i o n  support system ( D S S ) ,  a 

database management system ( D B M S ) ,  and an i nteract ive  graph i ca l  

user  i nterface (GUI )  concepts i n  the  fac i l ity l ocat i o n  doma i n .  The  

approach tri es  to comb i n e  the  stren gth s of each  c omponent i nto a 

un ified  system. 

The obj ecti ves  of th i s  research are as fo l l ows: 

-Conduct a rev iew of l i terature on locati on research that has  

been done to date.  Advanced concepts , i . e .  a dec i s i on  support 

sy stem ( D S S ) ,  a database man agement system (DBMS) ,  and an  

i nteract ive graph i cal  user  i nterface ( G U I )  wi l l  b e  i nvesti gated 

to assess  the feas ib i l i ty of  an  i ntegrated methodo logy for 

obta i n i n g  so l ut ions  on locat io n  problems.  

-Propose a conceptual  architecture of  a G I S D S S .  

-Deve l o p  a prototype G I S D S S  accord i n g  t o  the proposed 

conceptual a rch i tecture . 
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In  the  fo l l owi n g  sect ions ,  secti on  I I  wi l l  detai l the l i te rature 

survey. Sect ion  I I I  wi l l  present the research m ethodo logy.  System 

devel opment wi l l  be  descr ibed in sect i on  IV and the conc lus i o n  wi l l  

b e  d iscussed i n  sect ion  V. 
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II. LITERATURE REVIE\V 

A. OVERVIEW 

1 .  Locat ion Research 

" M o s t  h u m a n  d e c i s i o n - m a k i n g ,  w h e t h e r  i n d i v i d u a l  o r  

organ i zationa l ,  i s  concerned with  the di scovery and se lect ion o f  

sati sfactory a l ternatives . . .  " ( March a n d  S imon ,  1 9 5 8 ) . Locat iona l  

deci s i on-maki n g  i s  no d ifference .  A l ocat ion probl em i s  a spat ia l  

re sources  a l l o cat ion  prob lem,  i . e . a spat ia l ly  d i str ibuted set of 

demands ( customers)  is  served by one  or  more fac i l i t i e s  ( servers) .  In  

spat ia l  analys i s ,  many s i t ing  mode l s  seek to  opt i m i ze ( e . g . fi ndi n g  the  

shortest trave l  d i stance)  proxim ity ( d i stance or t ime)  which i s  a 

fundamental metr ic .  However, rather  than opti m i zi ng,  dec i s ion 

makers  often base dec i s i ons  on the sat i sfactory rather than the best  

poss i b l e .  The obj ect ive of  th is  research is  to  l ocate a fac i l i ty to 

opt imize an obj ect ive funct ion compri s ing both q uant i fiab l e  and 

nonquant i fi ab l e  l ocat i on var iab l e s .  The obj ect ive  funct ion can be  

exemp l i fi ed a s  m i ni m i z i ng m ax i m um trave l  c osts  and m i ni m i zing  

average trave l  t i me .  

R ecorded e fforts at so lv ing l ocat ion  prob lems or iginated by 

Fermat early in  the  l 71h century ( Love et a l .. 1 9 8 8). Fermat wrote, 
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"Let he wh o does not  approve of my method attempt the so lut ion  of  

the  fo l l owing prob lem: 

"Given three points  in the p lane fi n d  a fourth po int  such that the sum 

of its d i stances to the  three given points  is a mi n imum. " 

The introduct ion o f  the l ocat ion  theory was fi rst formal l y  proposed i n  

1 909 by A l fred Weber .  H i s  work was fi rst pub l i shed i n  Germany 

(Weber, 1 90 9 ) .  He cons idered the problem of locat ing a s i ng le  

warehouse to  min imi ze  the  to ta l  travel di stance between  the  

warehouse and a se t  of  spat ia l ly  d i str ibuted customers .  

A nother  ear ly  l o c at ion  prob l em was formulated by Hote l l i n g 

( 1 929 ), an economi st who cons i dered the prob lem of l ocati n g  two 

competing vendors a long  a straight l i ne .  H i s  model is based on the 

assumpt ion that customers patron ize  the c l osest  fac i l i ty .  I t  impl ie s  

tha t  the  fac i l i t ies  c oncerned are  equal l y  attract ive .  In  the 1 94 0 ' s  and  

early 1 96 0 ' s ,  researchers  who  i nv est i gated  l ocat ion probl ems i n clude  

Apple  ( 1 963 ) ,  Armo ur and  B uffa ( 1 9 6 3 ) ,  Moore  ( 1 9 6 2 ) ,  Reed ( 1 96 1 ) , 

Yaseen ( 1 960 ) ,  M i e hl e  ( 1 9 5 8 ) ,  Moses  ( 1 9 5 8 ) ,  Muther ( 1 9 5 5 ) ,  Losch 

( 1 9 54) ,  Ireson ( 1 9 5 2 ), and Hoover ( 1 94 8 ) ,  etc . 

Researchers who further  stud ied  i n  faci l i ty l oc at ion  problems i n  

the l 9 70 ' s  t o  l 9 90 ' s  i n c l ude  Houshyar e t  al . ( 1 9 9 7), Dohse  e t  a l . 
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( 1 996) ,  Hormozi et a l .  ( 1 9 9 6 ) ,  J ungth i rapan ich  and Benj ami n  ( 1 995 ) ,  

Randhawa et a l . ( 1 9 9 5 ) ,  C arr izosa et a l .  ( 1 9 95 ) ,  C urrent et a l .  ( 1 99 4  ) ,  

M i l ler  ( 1 99 3 ) ,  Louveaux et  a l . ( 1 992 ) ,  Weaver et a l .  ( 1 99 1 ) , D rezner 

et  a l . ( 1 9 89 ) ,  M uther  and  Hal e s  ( 1 9 87 ) ,  Pr ice  and Turcotte ( 1 9 8 6 ) ,  

Hochbaum ( 1 9 8 2 ) , G ranger  ( 1 9 8 1  ) , K l i n gman e t  a l .  ( 1 976) ,  Franc i s  

and White ( 1 9 74 ) ,  Smith ( 1 9 7 1 ) , ReVe l l e  et a l .  ( 1 970) ,  and Nutt 

( 1 970) .  

Locat ion  probl ems can  be c lass ifi ed  into fo l l owing c ategor ies  

(Brandeau and Chiu ,  1 9 8 9 ) :  

-Network Des ign . A central fac i l i ty i s  t o  b e  located t o  mi nimi ze 

the total  d i stance  o f  transportat ion  from sources to the cen tral 

facil i ty .  

-Warehouse Locat i o n .  Locat ing an undermi ned number  of 

warehouses  in a reg i o n  to serve customers is  done with the 

obj ect ive  of  mi nimiz i n g  the total  warehouse cost .  

-F i re Box C overage .  A fixed n umber of fi re boxes i s  s i ted .  The 

obj ect ive  i s  to  mi n imize the max imum d i stance that  any c i t izen 

must  trav e l  to  the nearest  box .  

- Competi t ive  Fac i l i ty Locat ion .  A new fac i l i ty i s  i ntroduced in  

an  area  a l ready served  by compet ing firms with  the  obj ect ive  of  

l ocat i n g  the new fac i l i ty t o  y ie ld  maxi m um profi t  o r  market 

share. 
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2 . Fac i l i ty Locati o n  Procedures 

Locati n g  a new fac i l ity ranks among the l argest and most 

i mportant dec i s i ons  th at company m an agem ent wi l l  have to face .  A 

commitment m ade by a c ompany for a new l ocat ion  i s  genera l l y  

i rreversi b l e .  T herefore ,  e very factor i n fl uenc i n g  the profitab i l i ty o f  

the com pany shou ld  be  eval uate with c are .  Company management may 

form a com m i ttee and l et each fun ct iona l  areas appo i nt a 

repre sentat ive .  Th i s  m ethod i s  often l abor ious  and t i me-consum i ng.  

Appo i nti ng a smal l  dec i s i o n-maki n g  team is  a l so  a way to undertake a 

s ite se lection  study. The team ' s  obj ectiv e  is to co l lect i nformati on 

and coordinate a l l  a ffected fun ct i o n s '  r e q u i rements m th e 

organi zati on .  Once th e requ i rements have been devel oped, the next 

step is to cons i der a l l factors,  if poss ib l e , exert ing  any effect on 

fac i l ity locati o n- i . e . ,  l abor ,  tax and fi nanc i a l  i nducements, uti l i t ies ,  

c l i mate, env i ronmenta l  c o n s i derati ons ,  and transportat ion ,  etc . 

(Harvard Bus i ness  Schoo l ,  1 9 8 9 ;  Granger,  1 9 8 1 ;  M uther and Hales ,  

1 9 87 ;  S m ith , 1 97 1 ;  N utt, 1 97 0 ;  Moore,  1 96 2 ;  Yaseen ,  1 96 0 ) .  

I nformat ion  o n  these factors c a n  be  obtai ne d  fro m  sources ,  such a s :  

- l ocal  chambers o f  c ommerce ,  

- government pub l ic at ions ,  

-transportat ion  c o mp an ie s, 

- uti l it ie s  serv i c e  pro v i ders, 



1 0  

-etc .  

Three  i nput for so lv ing  fac i l i ty locat ion prob lem are l o c at ion  

factors,  locat ion  mode l s ,  and users ' requ i rements  (J ungthi rapan ich ,  

1 997) .  Locat ion factors  and users' requ i rements are the  fi rst  two 

parameters needed to  be  sati sfi ed by each locat ion .  The l oc at ion  

mode l  i s  empl oyed if  there i s  a co mparative  eval uat ion  among 

l ocat ions .  Su i tab l e  l o cati o n s  resul ted  from the  eva luat ion are  l e ft for 

further  i nvesti gat ion .  Detai l e d  evaluat ion of locat ions  wh i c h  are not  

e l im inated wi l l  then be  conducted .  General ly ,  the framework of  

phases i n  fac i l i ty l ocat ion  probl em are  as fol l ows (Benj am i n ,  1 9 89) :  

- Identi ficat ion o f  candi date s i tes ,  

-Rapid pre l i m i na ry screen ing of  s i tes ,  

-Deta i l ed  eval uat ion  o f  top  few s i tes ,  and 

-F ina l  deci s ion  o n  the best locat ion .  

B. SURVEYS OF L OCATION RESEARCH 

1 .  Locat io n  Mode l s  

As  observed,  a mode l  of  any  probl e m  must  compr i se :  an  

obj ect ive  (opt i m i zi n g  o r  nonopt imiz ing) ;  system parameters ;  and 

decis ion var iab l e ( s). A faci l i ty l ocat ion mode l  is  a m athem at ica l  

opt imization mode l  that eval uates whether a s i te sho u l d  b e  opened,  o r  
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whether an e x i sti ng  fac i l i ty shou ld  be  c l o sed,  o r  wh ere a new fac i l ity 

shoul d be located, based on costs and constrai nts . 

An i l l u strat ive l i st of  the most common costs ,  var iab le s ,  and 

constrai nts i n c l uded in  fac i l i ty l oc at i o n  mode l s  ( M i l l er,  1 993): 

Typical cost components: 

-vari ab l e  pro ducti o n  costs at each manufacturi n g  pl ant, 

-var i ab l e  hand l i n g  costs at each warehouse,  

-the fi xed cost per  year of  o perat i ng  a fac i l i ty ,  

-the fi xed cost to b u i l d  a new fac i l i ty ,  

-the transportat ion  costs to  sh i p  product and/o r materi a l s  from 

one fac i l ity to another ,  

-i nbound transpo rtati o n  costs from raw mater i a l s sources  and 

from supp l i ers,  and 

- i nventory carry i n g  costs .  

Typical variables and constraints: 

-the product ion  rates and capac i t i e s  of  each manufactur ing  

p lant, 

-the hand l i n g  rates and capaciti e s  at  each warehouse,  
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-a 0- 1 va r i a b l e  a s s o c i a ted  wi th  e a c h  potent i a l  n e w  

manufactur ing  fac i l i ty and/or  warehouse .  T h i s  vari able  takes a 

va lue of  1 i f  a fac i l ity i s  to be  opened, 0 otherwise,  

-the demand for each product at each reta i l  o utl et, and 

- i nventory targets and max i mum leve l s .  

A r e c e nt b i b l i o g r a p h y  o n  l o c at i o n  a n a l y s i s  i n c l u d e s  

approximate l y  1 , 500  t it les  (Domschke a n d  Drexl ,  1 9 8 5 )  and a t  l east 

twe lve  survey art i c l e s  ( Current et a l . ,  1 9 90; Brandeau and Ch iu ,  1 9 89; 

Erkut and Ne uman, 1 9 8 9; A ikens ,  1 9 85 ;  Tansel  et a l . ,  l 9 8 3 a ,b; 

Re Veile et a l . ,  1 9 83 ;  Franc i s  et a l . ,  1 9 8 3 ;  Leonardi ,  1 9 8 1 ;  Krarup and 

P ruzan ,  I 979 , 1 9 83 ;  S cott, I 970 )  have been publ i shed on th e to p ic  

( Current and Weber, I 994 ) .  

C onti nued interest i n  l ocati o n  mode l i n g  i s  evident with the 

pub l i cati on of s i x  books  on the top i c  (Louveaux et al . ,  1 9 89;  Hurter 

an d Marti n ich ,  1 9 89;  Love et a l . ,  1 9 8 8; Berry and  Parr, 1 9 8 8; Gosh  

and Rushton ,  1 9 8 7; Ghosh  and Mclafferty, 1 9 8 7 ) .  

T h e  non-fac i l ity re lated areas c a n  a l so  b e  formul ated with i n  the 

mathematica l  constructs of fac i l ity l ocati o n  model i ng .  Appl i catio n s  of  

fac i l ity l oc ation mod e l s  to non-fac i l ity probl ems inc l ude : vendor 

sel ection ( Current and Weber, 1 99 4  ) ; flex ib le  manufactur ing system 

too l  se l ecti on (Dask in  et al. ,  1 99 0 ); meta l l urgi c al grade ass i gnment 



1 3  

( Vasco et al . ,  1 9 8 9 ) ;  product ion l ot s i z ing ( Van Oudhensden and 

S ingh, 1 9 8 8 ) ;  in got s i ze se lect ion  (Vasco et a l . ,  1 9 8 8 ) ;  posi t i on ing  of 

po l i t ica l  party p la tfo rms ( G i nsberg  et al . ,  1 9 8 7 ) ;  data base 

manageme n t  ( P i r k u l , 1 9 8 6 ) ;  appare l  s i z i n g  ( T ryfo s ,  1 9 8 6 ) ;  

archaeolog ica l  sett l ement ana lys i s  ( B e l l  and Church,  1 9 8 5 ) ;  and 

medic a l  d iagnos i s  (Reggia  et a l . ,  1 9 8 3 ) .  

A taxonomy o f  l oc at ion  mode l s  categorized b y  Jungthi rapan ich  

( 1 9 97)  inc lude :  

- Manual  Mode l s ,  Requir ing  Obj ect ive Locat ion Factors,  

- Manual  Mode ls ,  Requir ing  Obj ect ive or  Subj ect ive Locat ion 

Factors,  

- Com puter Model s , Requir ing  Obj ect ive Locat i o n  Factors,  and 

- Computer Mode l s , Requir ing  Obj ect ive or  Subj ect ive Locat ion 

Factors .  

a .  Manual  Model s. Requir ing Object ive Locat ion Factors 

i .  Hoover ' s  Cost Analys i s (Hoover,  1 94 8 ) .  

Hoover stated that t h e  l oc at ion  relat ion of  an industry to  i ts 

customers i s  a system o f  market areas .  He considered both demand 

and cost  factors . The assumpt ion  i s  based on the fact that c ustomers 

a re scattered, hence, i n  o rder  to survive, a producer must sell to 
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customers at var i ous  l ocat i ons .  Hoover's theory recogn izes  the 

c apital i s t i c  i nfl uence  on a l ocati on .  In h i s  consi derat ion ,  such factors 

as pub l i c  servi ces  and taxes  were inc l uded.  However,  thi s theory d id  

no t  cons ider  the  l ocat iona l  i nterdependence .  He d i d  ment i o n  s upply 

and market areas wh i c h  fi t in to  the  spat ia l  i nterdependence fi e ld ,  

though,  he d i d  not  d i scuss  i t  to any conc lus ion .  

i i .  Interdependence Theory o f  Locat ion .  

Th i s  method o l o gy conc luded that pr ice  vanes with l o c at ions  

and  b uyers are  assumed to  be  d i spersed over  an area .  The  s i ze o f  the 

market area wh i c h  is  served by a fi rm is determi ned by locat i onal  

i n terdependence of  the fi rm. I nterest in  th i s  theory of l ocati on i s  seen 

with the research works of authors inc lude Chamberl i n  ( 1 94 6 ) , 

Smi th ies  (194 1 ) ,  Lerner and S i nger ( 1 93 9 ) ,  Hote l l i ng  ( 1 9 2 9 ) ,  and 

Fetter ( 1 924 ) .  

b .  Manual Mode l s, Requir ing Object ive or  Subject ive l oca t ion  

Factors 

1 .  Ranking ( Scor ing)  Models .  

The model i s  wide ly  used  mai n ly  because  of i t s  s impl i c i ty .  I t  

has  relat ively l o w  d at a  requi rements and a l l ow the evaluat i o n  o f  both  

q uantifiab le  and nonquant i fiabl e  factors.  Authors who i nteres ted  i n  

th i s  theory inc lude  Sa lvendy ( 1 9 8 2 ) ,  Granger ( 1 9 8 1  ) ,  Monks  ( 1 977) ,  
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I reson ( 1 9 7 1  ) , Stobaugh ( 1 96 9 ) ,  and Reed ( 1 96 7 ) .  The mathematical  

express ion  can be stated as :  

n 

xj = :L: wixij t=I 

where i = l ocati o n  factor n umber, 

J = candidate l ocation number, 

n = number  of  cand idate l oc ati ons ,  

wi = wei ght ass i gned to factor i ,  

xij = rank/score a s s i gned  to facto r i for l ocat ion j ,  and 

xj =suitab i l i ty i ndex ca lcu lated for locat ion j .  

The best location i s  candi date j such that Max [X.] 
J 

i i .  D i mens ional  Ana lys i s .  

According to  S i nghvi  ( 1 9 8 7 )  and Wi l d  ( 1 9 7 1  ) , th i s  model  has  a 

l ike ly  i m provement over  the rank ing  ( scori ng)  procedure i n  that i t  

cons iders measurab l e  cost i nformatio n  and  compl ements th i s  d ata 

with s ubj ecti ve rank ings  and  scores of the non-measurable factors .  

c .  Computer Mode l s. R equi r ing  Objectiv e  Locatio n  Factors 

1. Center o f  Gravity Mode l s .  

Thi s techni qu e  attem pts t o  locate t h e  o ptimum site b y  

determi n i n g  l ocation  c o o rd in ates whi c h  wou l d  m i n i mize  the m ater i al 
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handl i n g  cost  ( Love ,  1 9 8 8 ;  Franc is ,  McGinn i s and White ,  1 9 8 3 ) .  The 

mode l is  formulat e d  as fo l l ows : 

m 

M i n i mize '°' W.[(x-a .)2+ (y-b .)2]1/2 
L.J I I I 
i=I 

where m = number of markets to be served by the facility, 

(x ,y)  =coordi nate l oc at ion  of  a new fac i l i ty ,  

( a . ,b .) =coordinate l ocat ion  of  the market i ,  and  
I 1 

W . = demand for m arket i .  
I 

There are some weaknesses  o f  t h i s  model :  on ly  one obj ect ive ,  

m in i m i zing  the transportat i o n  and d i str ibut ion costs  o f  fi n i shed 

goods ,  i s  cons i dere d ;  and transportat i on and d i str ibut ion costs  are 

assumed to  be l i near  and d i rect ly  proport ional  to the d i stance .  

i i .  Regress ion  Analy s i s .  

Important determ i n ants of  sa l e s  are estab l i shed a n d  u s e d  a s  

i ndependent v a r i a b l e s  i n  a regres s 10n equat i o n  ( K i m e s  a n d  

Fitzs i mmons ,  1 990 ) .  A regres s ion  equat ion  i s  a s  fol l owing :  

where Y. = forecast  s a l es o f  l ocatio n  i ,  
I 

xn = independent  vari ab les  affect ing sa les ,  

an = coeffi c i ent  o f  the  variab l e  xn, and 

b = constant .  



ABAC -1 :RADUA'T'"' SCHOOL LIBRARY J 
1 7  

d .  Computer Mod e l s, Requ i r i n g  Objec t ive  or  Subjecti ve  

Locati o n  Factors 

I .  Expert Systems .  

E xpert system s  have  ga i ne d  acceptance and are i nc reas ing ly  

appl i e d  in  industri e s  (Benj am i n  and Jungthi rapan ich ,  1 99 1 ;  Benj am i n  

e t  al . ,  1 99 0 ;  Legat i ,  1 9 9 0 ;  H a n  a n d  K i m ,  1 9 8 9 ;  Engel  and  Beas l ey, 

1 9 8 8 ;  and Mi lac i c ,  1 9 86 ) .  Note that nonquant i fi ab l e  factors must  be 

ass igned numerica l  va lues  before they c an be used in the mode l s .  

Some  methods for determ i n i n g  numer ica l  rat ings  o f  nonquant ifi ab l e  

factors i nc lude (Jungth i rapan ich , 1 99 7 ): 

-F ind other quant ifi ab le  l oc ati o n  factors that are equival ent  to 

nonquanti fiab l e  one s .  

-Consul t  e x p e r t s  w h o  a r e  fa m i l i a r w i t h  a r e a s  u n d e r  

cons i derat ion  and l et them ass ign  numer ica l  rat ings  t o  l ocat ion  

factors.  

tt. Decis ion  Ana lys i s .  

A dec i s ion  ana lys i s  mode l  eval uates r i sks assoc i ated  wi th  

a lternat ive  s i t e s  (Ra iffa, 1 96 8 ;  K i rkwood,  1 9 82) .  S teps  in  exp l o i t ing  

the  dec i s i o n  analys i s  i nc lude the fo l lowings :  

-Determ i ne eval u at io n  attr i butes  for m easur ing the  des i rab i l ity  

o f  candi date l oc at i ons ,  
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-Cons ider  a m ul t i -attri bute uti l i ty funct ion u (x  1 . . .  xn) whi ch 

represents a fac i l i t i e s  pl anner's atti tude toward ri sk-tak i n g  and 

trade-offs among attrib utes ,  

-Determ i n e  the  spec i fi c  l evel  xi o f  each evaluat ion  attr ibute  Xi 

that  wo u l d  res u l t  fro m  se lect ing each  l ocat ion .  Uncertai nty 

about these l eve l  can be encoded as a probab i l i ty di stri b udon 

p(x1 , . . .  , xn a) showing the des i rab i l i ty  o f  a candi date l ocat ion 

with re spect to the  eval uat ion  attr ibutes ,  

-Rank  l ocat i o n s  i n  order  of  the i r  expected uti l i t i e s  U(a) where 

U(a)= xl' x2, . . .  , xnu(x1, . . .  , xn)p(x1 J . . .  , xn a) ,  and 

-Perform the  sens i t iv i ty analy s i s  and make the fi na l  dec i s i o n .  

2 .  Locat ion  Factors 

I t  i s  c l ear that se lec t ing the most  s ign i fi cant set of  van o us 

l ocat ion factors with  c arefu l  cons iderat ion  and p lanning i s  the key i n  

making t h e  ri ght dec i s i o n  o n  where t o  locate  a company fac i l i ty .  

Locati o n  factors ,  a s  ment ioned  earl i er, can b e  c l as s i fi e d  i nto 

q uant i fi ab le  and  nonquant ifi ab l e  factors . The  fi rst can be exemp l i fi e d  

as c o s t  o f  l and,  ut i l it i e s ,  and  l abor .  T h e  examples  o f  t h e  s e c o n d  can 

be c l i m ate,  qual i ty of l i fe, and  so  on .  Both factors can be c l a ss i fi ed  

accordi ng  to fac i l i ty type ,  product l i fe cyc l e ,  and i ndustry type  as  

fol lows (Harvard Business Scho o l ,  1 9 89 ) :  
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Facility Type. 

Com pany management  wo u l d  probabl y  prefe r  locat ing a new 

product ion fac i l i ty to l ocati n g  a di stri but ion  center or  a 

warehouse .  

Product Life Cycle. 

-During the product deve l opment stage, fac i l i t i e s  are o ften  

l ocated i n  maj or Research and Deve l opment centers .  The  cost  

o f  fac i l i t i es  are usua l l y  h igh and  can b e  j ust ifi e d  by prompt 

i ntroduct ion  o f  new products .  

-At  the growth stage,  fac i l i t i e s  l ocated c l ose to ma3or markets 

are preferred to m i n i m ize  tran sportation costs and t ime .  

-As  a product reaches  mature stage, a sui table  locat ion depends 

o n  company ' s  com pet i t ive strategi es .  For  examp le ,  a fac i l i ty  

m ay be  re l ocated to areas  where  product ion costs  are cheaper,  

if  the company a i m s  for increase d  pr ice  sens i t i v i ty .  

Industry Type. 

-H igh-tech i ndustr i e s  pay m ore attent ion  to factors that attract 

h igh ly  s k i l l e d  l ab o r, such as  qua l i ty of  l i fe i ssues,  and 

e ducat iona l  i ns t i tu t ions .  

-Labor- intens i ve i ndustr ies  emphasize ·more on  l abor-re l ated  

factors,  such  as  l ab o r  avai lab i l i ty and rates .  
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After conduct ing  an in tens ive  s urvey, the l ocat i on factors  m 

Thai l and can be grouped into  fo l l owing categorie s :  

-Market,  

- Transpo rtat ion,  

-Uti l i t ies ,  

- Raw Materi a l s ,  

-Investment P ro m ot ion  Zones ,  

- Avai lab i l i ty o f  Industr ia l  Parks ,  

-Land Cost ,  

-Env ironmental  C oncerns ,  

-Governmental  C o n s i derat ions ,  and 

- Labo r. 

The importance o n  m ak ing  locat ion  dec i s ions  o f  the  factors  i s  

d i scussed below:  

a .  Market . 

I t  i s  des irab l e  that  a fac i l i ty  be l oc ated  near the  market area fo r  

t h e  product as c o s t s  for t i m e l y  product d i strib ut i o n  correspon d  t o  

l ocat ion .  T h e  scope o f  the  m arket  that a manufacturer usua l l y  takes  

i nto  account  i s  determined  primari l y  by two factors,  prox imi ty  to 

customers in order to  d e l iver  products to  them more qu ickl y and 

economica l ly  than compet i tors ,  and purchas ing  power o f  customers in  
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area. The  fo l l owing l i st s  are used a s  gu ide l i ne s  for est i mat ing  m arket 

potent ia l :  

- Popul ati o n :  number o f  peop le ,  

-Weal th: per  cap i ta  i ncome,  

-Compet i t i on .  

b .  Transportat i o n .  

Transportat i o n  p o s e s  s ign ificant  effect  o n  l ocati o n  dec i s i ons  i n  

a lmost  every co untr ies  r n  t h e  worl d espe c i a l ly r n  Tha i l and .  

Avai l ab i l i ty o f  su i tab l e  tran sportat ion  fac i l i t i e s  i s  requ i re d  i n  o rder  to  

move  personne l ,  equ i pment ,  raw materi a l s ,  and products to  and from 

the fac i l i ty .  Tran s po rtat i o n  rates  have s ign ifi cant i mpact o n  

product ion costs .  T h e  l i st shown be low a r e  u s e d  t o  descr ibe  

representat ive tran spo rtati o n  med ia: 

-Hi ghway: for a l l  types o f  products ,  

-Rai l road :  for a l l  types of  products ,  

- Wate r: for a l l  types  of products ,  

-A i r: used when fast  d e l ivery i s  needed,  

- Human c arri e rs :  in  smal l  quant i ty with  carefu l  handl i n g  for 

short  d i stance ,  

-P ipe l i nes: fo r  gases  and l iqu ids .  
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The volume and types of raw materi a l s  and products wi l l  often 

determ i ne the mode o f  t ransportat ion  best su i te d  to the fac i l i ty .  

The  fo l l o w i n g  g u i d e l i n e s  c an be  u s e d  when  m ak i n g  

transportat ion  med ia  d e c i s i o n :  

-Compare c o s t  o f  serv ices ,  

-Check fac i l i t i e s  fo r handl i n g  sh ipments ,  

-Choose an appropriate medium regard ing  urgency o f  the  

product de l i very. 

c .  Uti l i t i e s .  

The costs and  avai l ab i l i ty o f  fue l ,  e l ectri c i ty,  and water  wi l l  

exert a major  impact o n  l ocat ion  deci s ions .  

1. Water.  

The best source is usua l ly  the pub l i c  ut i l i ty because its water is 

cert i fi e d  as be ing  safe for human consumpt ion .  Local  water supp l i es 

m ust b e  adequate for process  requ i rements  and fire  protect ion .  

Sources o f  water are as  fo l l owing :  

- m un ic ipal  water, 

-ground water, 

- surface water, and rain water. 
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11. El ectri c i ty and  Fue l .  

The cost  o f  e l ectr i c i ty a n d  fue l  i s  often  a s ign ificant  operat i ng  

expense for a manufactur ing fac i l i ty .  The  types of  generati on  

i n fluence power expenses .  Hydroe lectr ic  power i s  usua l l y  cheap,  

whi l e  nuclear power cost  is  the  cheapest,  though,  e stab l i sh ing  a 

nuclear  generator i s  the  most  expen s ive .  

d .  Raw Materi a l s .  

T h e  cost  o f  sh ipp ing  raw materi a l s  to the  fac i l i ty  s h o u l d  be 

cons idered a long with the cost  of transport i ng  the products  to m arket 

so as to m i n i m i z e  the tota l  cos t  as  much as poss ib le .  S u l e  ( 1 99 4 )  

genera l i zes effect  o f  r a w  m ateri a l s  on  fac i l i ty  l ocat ions  as fo l lows: 

-When peri shab l e  or  bu lky  raw materi a l s  are to be used ,  l ocate 

a fac i l i ty  near the  so urce o f  raw materi a l s ,  

-When raw m ateri a l s  that are easy  to  fi n d  are used ,  l ocate a 

fac i l i ty near the  m arket .  

e .  Investment  Promot ion  Zones .  

I nvestment  Pro m ot ion  Zone  offers attract ive  benefi t s  to  

i nvestors, inc lud ing  reduct ion  o r  exemptio n  o f  i mport  dut i e s  on  

machinery and raw o r  es sen t ia l  mater ia ls, and corporate tax 
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exempt ions .  Accord ing  to the B oard of Investment ,  Tha i l and i s  

d iv ided  i nto three zone s .  In  an  e ffort t o  enco urage i nvestment  i n  the 

regional  areas away fro m  Bangkok,  Zone 3 which comprises provi nces 

l ocated more than 1 5 0 k m  from Bangkok,  offers the greatest  

i ncent ives .  

Zone 1 cons i st s  of  Bangkok and five  surroundi n g  provinces  

namely  Patumthan i ,  Sam utprakarn, Samutsakorn,  Nakornpatho m ,  and 

Nontaburi . 

T he benefi t s  for l ocat i n g  a fac i l i ty  i n  zone 1 :  

- 5 0  percent i m port d uty reduct ion  for mac h i nery used  in  

proj ects  tha t  export at l east  80  percent o f  the i r  total  sa les ,  or  

that l ocated in i n dustr i a l  parks or prom oted i ndustr i a l  zones .  

-Three-year corporate income tax  hol iday for proj ects  that 

export at l eas t  8 0  percent  of total sa les ,  o r  that are l oc ated  i n  

i ndustr ia l  parks o r  promoted i ndustri a l  zones .  

- One-year exempt ion  fro m  import dut ie s  on raw or  essent ia l  

m ater i a l s  used  i n  the  manufacture of  exports .  

Zone  2 ,  whi c h  o ffers more i ncent ives  than  zone 1 ,  compnses  

t en  p r o v i n c e s ,  n a m e l y  P r a n a k o r n s r i a y u t h a y a ,  A n g t h o n g ,  

C hacherngsao,  Chonbur i ,  Kanchanaburi ,  Nakornnayok, Ratchabur i ,  

Samutsongkram, Sarabur i ,  and  S upanburi . 

The  b en efi ts for l ocat i n g  a fac i l i ty i n  zone 2: 
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-50 percent import duty reducti on on machi nery. 

-A three-year corporate income tax ho l iday, extend ib le  to seven 

years ,  i s  prov ided  for proj ects  that  l ocate i n  i ndustr ia l  park s or  

promoted i ndustri a l  zones .  

-One-year exempt ion  fro m  i m port du t i e s  on raw or  essent ia l  

m ateri a l s  used in  the  manufacture o f  exports .  

Zone 3 cons i sts of the  rem a in ing  provinces and Laem Chaban g 

I ndustri a l  Park.  

D .  

The benefi t s  fo r  l ocat i ng a fac i l i ty i n  zone 3 :  

-E ight-year corporate i ncome tax ho l i day.  

-Exempt ion fro m  i m port duty for machi nery. 

-F ive-year exempt ion  from i m port dut i e s  on raw or  essent i a l  

materi a l s  u s e d  for product ion for manufacture o f  exports .  

-F ive-year,  75  percent  reduct ion  of  im port d ut i e s  on raw or  

e ssent ia l  materia l s used  for domest i c sa le s ,  except  for Laem 

Chabang Industr ia l  Park .  

-Doub l e  deduct i o n  fro m  taxabl e  i ncome o f  water ,  e l ectr i c i ty 

and transport cos t s  for I 0 years .  

-Deduct ion fro m  net  profi t s  o f  25 percent of  the proj ec t ' s  

i n frastructure i ns ta l la t ion  or  constructi o n  cost .  

L i s t  of  act ivi t i es e l i gi b l e  for promot ion  is provided  in  Appendix 
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f. Avai l ab i l i ty o f  Industr ia l  Park s .  

An i ndustr ia l  park resembles  an i ndustri a l  town o r  industr ia l  

c i ty with compl ete i nfrastructure needed for i ndustri a l  operat i ons  

s uch as e l ectri c i ty ,  water  supply ,  e nv i ro nment contro l s ,  and other  

pub l i c  ut i l i t i e s  ( I ndustr ia l  E state Author i ty  of  Thai land Report,  1 9 97) .  

I ndustria l  parks are  l ocated strateg ica l l y  access ib le  to a i rports ,  

seaports for easy transportat ion and most o f  them have commerc ia l  

banks,  o ther  commerc i a l  serv ices  and government serv ices  such as 

post  office ,  customs h o uses  etc .  

Industri a l  Parks are devel oped and managed by the  Industr i a l  

Estate Authority of  Tha i l and ( IEAT) .  IEAT i s  a state enterpri se 

attached to the Min i stry of  Industry.  The i r  obj ect ive is  to support 

Thai l an d ' s  i ndustr ia l  development  through prov id ing  the bas ic  

i nfrastructure and publ i c  ut i l i t i e s  needed by industry. 

Tax i ncent ives  fro m  IEA T are as fo l l ows :  

-Exempt i o n  o f  i m port duty and va lue  added tax (VAT) o.n 

machinery ,  components  etc . and m ater ia l  i mported for factory 

c onstruct ion ,  

-Exempt ion  of  i mport duty and va lue  added tax ( VAT) on  raw 

m ateri a l s ,  

-Exemption o f  export duty and  va lue  added tax  (VAT) on  

exported goods,  and 
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-Exempt ion  or  refund of  dut i e s  and value added tax ( VAT)  for 

l ocal  goods ut i l i ze d  for product ion .  

Non-tax incent ives  fro m  IEAT are  the  fo l l owings :  

-Perm i ss ion  for fore i g n  i nvestors to own  l and  for c arry i n g  ou t  

promoted acti v i t i e s ,  

-Perm i s s ion  to br i n g  i n  fo re i gn techn ic ians  and experts to  work 

under promoted proj ects ,  

-Perm i ss ion  for fore ign  tec hn ic ians ,  experts and  the ir  spouse s 

or  dependents to stay i n  the co untry, and 

-Perm i ss ion to take or  re m i t  fore ign c urrency .  

g .  Land Cost .  

The cost  of land has  a big i nfl uence for management  i n  mak ing  

deci s ion on se lect ing  a new s i te .  Land pr i ce  corresponds  to  the 

c i v i l i zat ion of  each provi nce .  Defi n ite ly ,  Bangkok has  the  most  

expens ive land cost  whi l e  a province  in Northeastern,  Mukdaharn,  has  

the l east e xpens ive  one .  

h .  Environmenta l  Concerns . 

Good l iv i n g  condi t ions  are needed to  attract and mainta in  

m otivated workers. Cul tural faci l i t i es, temples,  l ibrari es ,  parks, good 
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schoo l s ,  theaters,  and recreat ional  fac i l i t i e s  are essent ia l factors  for 

making the cond i t i ons .  The weather character i s t ic  can  greatl y  affect  

the cost  of  the  bu i l d i n g s  to b e  constructed as  we l l  a s  the  s i te  

operat ing  costs .  A very hot  c l i m ate could  requ i re the  s i te to  have 

addi t i onal  a i r  cond i t i o n i n g  for workers comfort and add i t iona l  

coo l ing  towers for process  equ i pment .  Waste d i sposa l  re leased  by 

some incons iderate m anufacturers causes  wate r  po l l ut i o n .  Waste 

water treatment shou ld  b e  cons i dered in order  to abide the  

env i ronm ental  regul a t ions .  Fac i l i t i e s  that  do not  u se  the  sewage 

d i sposal  system prov ided  by  the pub l i c  should  b ui l d  the i r  o wn 

di sposa l .  

1. Governm ental  C ons iderat ions .  

Government has  a fu l l  respons i b i l i ty to  manage the  good  l i v i n g  

condi t ions  for soc iety .  Laws a n d  regulat ions  s h o u l d  support t h e  

operat ion  of  manufactur ing  fac i l i t i e s .  Cooperatio n  o f  the  government  

can e i ther enhance o r  i m pede the bus iness  i nvestment  c l i m at e  in  the  

areas. 

The types and rates  of taxes charged by  government m us t  b e  

consi dered ser ious ly  b e cause  taxes are a l arge part o f  operat ing  cost .  

There are  three c l asses  o f  t ax i mposed on  under  the Revenue C ode: 
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-Corporate Income  Tax .  Th i s  tax appl i e s  to com panies ,  

regi ste r e d  o r d i n a r y  p a r t n e r s h i p s ,  r e g i s t e r e d  l i m i t e d  

partnersh ips ,  j o i n t  ventures ,  foundat ions ,  and assoc i at i o n s .  The 

standard corporate i ncome  tax rate is 35 percent  of net  profi t s .  

Regi stered compani e s  l i sted  o n  Securi t i e s  Exchange o f  Tha i l and 

pay a reduced rate of  30 percent  of net  profi t s .  The i nc o m e  of 

Foundat ions  and Assoc ia t ions  excl udi n g  registrat i on  fees ,  

subscr ipt ion fees  from members and donat ions  of  cash  or  

property are taxed at a 1 0  percent rate .  Compan ie s  engaged m 

i nternat iona l tran sport pay tax at the rate of 3 percent  o f  gross  

t icket  re c e i pt s  c o l l e c t e d  in  T h a i l a n d  fo r t ran s p o rt i n g  

passengers,  and/or 3 percent o f  gross  fre i ght charges c o l l ected 

for transport i ng  goods from Thai l and, i n stead of  tax on net  

profi t s .  

-Personal  Income Tax.  Th i s  tax  app l i e s  to private taxpayers .  

Standard deduct ions  of  expenses a l l owed by  the  J aw vary from 

I 0-85  percent depend ing  upon the  category o f  income .  I ncome  

after deduct ions ,  a l l owances ,  and  exempt ions  wi l l  b e  taxable  

i ncome at the  progres s i ve rates  as  scheduled in  Tab l e  I .  



Tab l e  I .  The Progress ive  Personal  I ncome  Tax Rate 

Net income not exceeding 

Baht 50 ,00 0  

B a h t  5 0 ,00 1 -200 , 000  

B aht  20 0 ,00 1 -5 0 0 ,000 

Baht 5 00 ,00 1 - 1 , 0 0 0,000 

Baht  1 ,000 ,00  l-2�000 ,000  

Baht  2,000 ,00 1 upwards 

5 percent 

1 0  percent 

20 percent 

3 0  percent 

4 0  percent 

50 percent 

30 

-Value  Added Tax .  The  tax  i s  l ev i ed  at each stage of 

manufacture and d i str ibut i on .  The va lue  added tax rate i s  1 0  

perc ent .  

J. Labor .  

The  adequacy o f  labor  force i n  both s k i l l e d  and unsk i l l e d  

em ployees i s  neces sary i n  product ion  processes .  T h e  avai l ab i l i ty  of  

ski l l e d  technica l  e m p l oyees at  a se l ected s i t e  wi l l  i nfl uence the  

desi gn cr i teri a es tab l i shed  for a part i c u l ar proces s  p l ant .  A s i te that 

requ i res  h i gh l y  s k i l l e d  empl oyees shoul d be l oc ated  in area where 

there are suffi c i en t  s k i l l e d  emp loyees ,  such  as  areas where 

un ivers i t i e s  are l ocated .  
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Labor rates have a huge i m pact on man ufacturi n g  c osts, 

especi a l ly  for  labor i ntens ive industr ies .  The rates i n  Tha i land  are 

relat ively standard i n  any provinces .  

Labor att i tude i n fl uences  operati n g  cost .  I n  determ i n i n g  the  

att itude of operat ing  l abor ,  the best approach i s  to contact personnel  

di rectors or l abor re lat i ons d i rectors of  compani e s  in  the areas be ing  

considered, t o  obtai n fi rst-hand informati on .  Mos t  contacts wi l l  resu l t  

i n  useful inform ati on that  can be  used to eval uate l abor  c l i m ate .  

C .  A GEOGRAPHI C INFORMATION SYSTEM (G I S) 

I . Overv i ew 

A geo graph i c  i n format ion  system (GlS ) i s  a graph ic -based 

computeri zed database  m anagement system for the storage,  retri eval , 

manipul ati on ,  ana lys i s ,  and di spl ay both spat ia l  and  n on-spat ia l  data .  

A GIS evolved as a m eans of assemb l i n g  and analyz ing  d iverse spatial  

data .  

Spatia l  data are usua l l y  described in a G I S  by geographi c  

posi t ion and other  attr ibutes i n  computer readab l e  form . G I S  

technol ogi e s  cont in u e  t o  advance with i mprovements  i n  com puter 

graph ics ,  database m anagement techno log ies ,  and  the i n corporat i o n  of 



32 

sate l l i te  i m ages .  These advances  have made more  soph i st i c ated,  

accurate, and cost-effect ive  GIS appl i cat ions  ava i l ab l e  to support 

dec i s ions  and inform pol i c i e s  i n  areas such  as environmenta l  resource 

m anagement,  l and-use p lanni ng,  and l aw enforcement ,  among others 

( Robey and S ahay, 1 99 6 ) .  

G I S  appl icat ions  have become e xtremely  popul ar,  part i cu l ar ly  

in  pub l i c  sector i n  the U . S .  G I S  even was described  by  F l etcher  e t  a l .  

( 1 9 9 2 )  as t h e  technol o gy with the b i ggest  impact o n  t h e  th ink ing  of  

co unty managers in  loca l  governments i n  the  co untry . 

The use of geograph ic  informat ion system fo r analys i s ,  

mode l i ng,  and dec i s ion  support i n  a wide  range of  appl ica t ion  areas i s  

growing very rap id ly  ( Kari m i  and  B la i s ,  1 9 96) .  Appl icat ions  such  a s  

mapping,  m oni tori ng,  dec i s ion  mak ing, and  research a re  bene fi t i ng  

greatly fro m  the  GIS technology, systems ,  tools , and  procedures .  

The development  of  geographi c  informat ion systems has  i ts  

roots  in  at l east  two over lapping areas  ( Star  and E stes ,  1 990): 

-an i nterest  i n  manag ing  the  urban  environment  (part i cu l ar ly  i n  

terms o f  p l an n i n g  and  renewal ) ,  and 

- a  concern for t h e  ba lanc ing compet ing  uses  o f  env i ronmenta l  

resources .  
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Three i m portant factors  he lpe d  l ead to the creat ion  of d i g i ta l  

g eographic in formation syste m s  in the l 960 ' s  ( Star and  Estes ,  1 990):  

-refi nements  in c arto graphi c  techn ique ,  

- rap i d  deve l opments i n  d ig i ta l  computer  systems,  and 

-the quanti tat ive  revo lu t ion  in  spat i a l  analys i s. 

Cartography i s  defi ne d  i n  the  Mult i l i ngual  D i ct i onary of 

Techn ica l  Terms i n  C artography ( Meynen,  1 9 7 3 )  as "the art ,  sc ience  

and technol ogy of  maki n g  maps together  with the i r  s tudy as sc ient ifi c  

documents  a n d  works of  art" . I t  i s  fundamenta l l y  d i rected at 

c o mmunicat i n g  i n form at i o n  to a user and 1s c e ntral to an 

understand ing  of  the  strengths and weaknesses  o f  geograph i c  

informat ion  systems  technol ogy .  

Most  systems i n  G ISs  re ly o n  data from ex i s t ing  maps,  o r  an  

data that can  b e  mapped readi l y  ( She l ton  and  Es tes ,  1 9 79) .  Maps are 

both a very i m portant form of i nput to a geographic  i nform at i o n  

system,  a n d  c o m m o n  m e a n s  to  portray t h e  resul ts  of  an ana lys i s  fro m  

a G I S. Fo l l owing  Rob inson  e t  a l . ( 1 9 7 8 ) ,  maps :  

-are typi c a l l y  reduct i o n s  which  are  sma l l e r  than the  areas they 

portray. Each  m ap m u st have a defined  rel ationsh ip  between what 

ex i st s  in the area b e i ng represented,  and the mapped representat ion .  
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- invo lve  tran s form ati ons .  The tran sform ation of a surface which i s  not 

fl at  i nto a fl at  plane i s  o ften needed i n  mapping .  

-are abstra c t i o n s  o f  r e a l i t y .  M a p s  are t h e  c a r togra p h e r ' s 

representat ion  of  an area,  and as such ,  d i sp lay the data that the  

c artographer  has  se lec ted  for a spec i fi c  use .  

-conta in  symb o l s  whi c h  represent e l ements  o f  real i ty .  Few map 

symbo l s  have un iversa l ly  accepted m eanmgs,  but  some maps  use  a 

standardized  set  o f  symb o l s .  

-portray data us ing  a v ari ety o f  m arks ,  i nc lud ing  l i nes ,  dots ,  tones ,  

co l ors ,  textures ,  and patterns .  

2 . G eneral  Appl i cat ions  

The deve lopment  o f  geograph i c  i nform ati o n  sy stems,  i n  term s  

o f  b o t h  t h e  technology and the  under ly ing concepts ,  h a s  drawn o n  the 

ta lent  and experi ence  o f  m any researchers .  

The auto m ated geographi c  i nformat ion systems  began to appear 

in the  1 9 6 0 ' s .  Ian McHarg ( 1 96 9 )  i ntroduced to  us the concept of l and 

su i tab i l i ty/capab i l i ty  analysi s  ( SCA) .  SCA i s  a techn i que i n  which  

data concerning l an d  u s e  i n  a l ocal e be ing studi e d  i s  entered i nt o  an  

ana log  or  d ig i ta l  GI S .  Two  systems ,  exemp l i fi e d  for the  spurr ing  of  

developm e n t  of  s pa t i a l  da ta -pro c e s s i n g  s y st e m s  i n  resource  

m anage m ent  concerns,  a re  STORET and MIADS. STORET was  
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developed by the U . S. Pub l i c  Heal th S ervice for storage o f  s pat ia l  

i nform ation about water qua l ity ( Green,  1 964  ) . MI ADS was deve loped 

by the U . S .  Forest  Service  fo r  the analys i s  o f  recreat ion  a l ternat ives 

and hydro l ogy ( A m i don ,  1 96 4  ) .  I n  the un ivers i ty  community ,  the 

Univers i ty o f  Washi n gton at  S eatt l e  made contr ibut ions  in the areas 

of transportat ion  ana lys i s  and urban p lanning and renewal (Gai ts ,  

1 969 ) .  

The fi rst  system t o  be  general l y  acknowledged as a GIS  was  the 

Canada Geograph ic  I nfo rmat ion System or  CGI S (Peuquet,  1 9 77) .  

CGIS  was d evel oped to hel p with an  environmental prob l e m :  

rehab i l itati on and devel opment o f  Canada ' s  agri cu l tural lands .  

Many ear ly systems  were  developed to so lve  re lat ive ly  narrow, 

spec ific  ki nds of prob lem s .  The past twenty years have seen an 

expl os ion in  the techn o l og ica l  base  fo r  these system s , part icu lar ly  in 

the areas o f  data proces s i n g  and remote sensing system s  (Parent and 

Church ,  1 9 8 8 ) .  One  recent  t rend i n  the  evolut ion o f  G I S  techno logy i s  

the inc lus ion  o f  art i fi c i a l  i nte l l i gence i nto G I S  des ign and operati o n  

as stated by  Smi th  ( 1 9 8 4  ) .  Wagendorp ( 1 99 5 )  provided  exam p l e s  o f  

how t h e  development  o f  G I S  capab i l i t ies  i n  a rural  heal th  d is tr ic t  i n  

Southwest Mich iga n  provi de d  a n  essent ia l  analys i s  and m anagement  

tool .  M c  Ti gue  ( 1 994 )  descr ibed the use o f  GIS to  systematic a l l y  

evaluate s i tes  for d isposa l  o r  appl i cat ion  o f  treatment res idual s ,  
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frequently the most  d i ffi cul t  task i n  deve lop ing l and  based  di sposal  

systems .  

D .  A DECISION SUPPORT S Y STEM (D SS) 

Most expert s  defi ne a D S S  as  a sen es of  i ntegrated  c o m puter 

software and as any computer-based informat ion system that he lps 

dec i s i on m ak ers wi th semi structured or unstructured task s (Rector, 

1 9 8 3 ) . The p urpose  of  a dec i s i on s upport system ( D S S )  is to s upport 

m anagers respons ible for making  and implement ing  deci s ions  rather 

than to repl ace  them (Al ter,  1 9 8 0 ) .  There are m any ways that  the D S S  

supports m anager ia l  act iv i t i e s .  S o m e  D S Ss contai n expl i c i t  m odel s 

that provide m anagers with so lut ion  for part i cu lar  dec i s i ons ;  others 

he lp  them by  expedi t ing  access  to i nformation that they wo u l d  

otherwise  n o t  obta i n .  

T h e  bas ic  conceptual  e l ements  of  a deci s ion  support system are 

described b e l o w  ( G rauer  and Fedra,  1 9 8 6 ) :  

- A n  i nteract ive  user  interface  that fac i l i tates  c o mm uni c at ions  

between users and the  system .  

-A  task schedul e r  or  control  program that i n te rprets  th e user  

requests  and orga n i ze s  the  tasks t o  b e  performed by  the system. T h i s  
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e lement conta ins  the knowl edge about  ind iv idual  system modul e s .  The 

control program can trans late  a user request i n to e i ther  

-a  data/knowledge b ase query, or  

-a  request  fo r scenario analys i s .  

A l te r  ( 1 9 8 0 )  c l as s i fi e d  the  DSSs  into  s ix  m aj or c ategor ies :  

-Retri ev ing  a s ing le  i tem of  i nformat ion ,  

-Prov i d i n g  a m echanism for ad hoc data anal y s i s ,  

-Provi d i n g  prespec ifi e d  aggregat ion of data i n  t h e  form of  

report s ,  

-Est imat ing  the  consequences  of proposed dec i s i ons ,  

-Propo s ing  dec i s i ons ,  and 

-Mak ing  dec i s i o n s .  

III. RE S E ARC H M ETHODO L O G Y  

A.  OVERVI EW 

Fac i l i ty  l o.cat i o n  i s  a m ul t id i sc ip l i nary research area .  Industr ia l  

engi neer ing ,  econo m i c s ,  and geography can  b e  exem pl i fi e d  as  such 

area. The obj ec t ives  in  so lv ing  l ocat ion problems ,  though,  are  a l l  

s imi lar, i . e . t o  fin d  opt imal l ocat ions  for new or  add i t i onal fa c i l it i es .  
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According to Reed ( 1 96 7), th i s research area can be cons i dered to 

have fo ur phase s :  

i .  The l east  producti o n  cost  phas e .  

Emphas i s  w a s  pri m ari l y  p laced  o n  locat ion  factors that d i rect ly  

infl uence cost  product ion .  The  contr ibut ion  by  Von Thunen ( 1 875)  

and  Weber  ( 1 90 9 )  exempl ify the  development of loca t ion  theor ies  

dur ing th i s  phas e .  

1 1 .  The prox im i ty to market phase .  

Th ere were addi t i onal  cons i derat ions ,  i . e .  i nterdependence of 

fi rms with i n  a mu l t i market economy,  effect  of uneven popu la t ion ,  

uneven  resource 'd i stribut ion ,  and i m perfect  com peti t i on i n c l uded i n  

t h i s  phase .  The  work o f  Hoover ( 1 94 8) can b e  represented i n  the 

second phase .  

i i i .  The profi t  max imi zat ion phase .  

Two pri mary fac tors were total  revenue and  total  cost .  A n  

opt i m u m  fac i l i ty l oc at i o n  c a n  b e  determ i ne d . b y  profi t .  Greenhut  

( 1 9 5 6 )  based his  s tudy o f  faci l i ty l ocat ion on  thi s concept .  
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i v .  The least  cost  to customer ph ase .  

Dur ing  th i s  phase ,  focus  was  pri m ari l y  p laced o n  de !  i ve red cos t  

to customers .  Researchers who contr ibuted to  th i s  phase  i nc l ude I sard 

( 1 9 56 )  and Moses  ( 1 9 5 8 ) .  

B .  ANALYZING S YSTEM ' S REQUIREMENTS 

The success  of  the  deve lopment of  G I S D S S  to  support q ua I i ty 

dec i s ion  mak ing  o n  l ocat i n g  manufact urin g  fac i l i t i e s  i n  Thai l an d  

de pends largely upon ident ifi cat ion o f  structured a n d  q uant i fiab le  

system ' s  requ i rements .  Sy stem ' s  req u i rements com pr ise  both  those  

requ i red by u sers and sys tem devel opers .  

I .  Use r ' s  R equirements .  

System ' s performance i s  a maj or concern for users .  Gaschn ig  e t  

al . ( 1 9 8 3 )  suggest e d  some aspects  of  comput ing  systems ' p erform ance 

that  are  to b e  ach i eved as fol l ows :  

- the system ' s  effi c iency,  

-the q ual i ty o f  the human-computer i nteracti o n ,  and 

-the  qua l i ty o f  the system ' s recommendat ions .  
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2.  System D eve l ope r ' s  Requ i re m ents .  

Techn i ca l  c apab i l i t i e s  of  the  system are pnmary concern for 

system developers .  L e i gh and D oherty ( 1 986) suggested that graphica l  

d i sp lay capab i l i ty  represents an i mportant cons i derat ion  i n  the  

deve lopment  of  a D S S .  I n  addi t ion ,  Sprague and Watson ( 1 9 8 9) 

proposed a m o d e l  to ident ify deve l oper ' s requ i rements  on the  D S S  

capab i l i t i e s .  Database m anagement  capab i l i ty ,  mode l i n g  with analyt i c  

capab i l i ty ,  a n d  d i a l o g  handl i n g  o r  the  man-m ach i n e  interfac e  are 

three aspects po i nted  out in the mode l .  

The syste m ' s  requ irements  can be in terpreted a s  descri bed  

below:  

A Geo graph i c  Informati o n  System ( GIS)  and a chrom at i c  

representat i o n  l o cati o n  model  wi l l  b e  employed i n  a n  integrated 

manner.  These two components  wi l l  mani pulate the data i nputs and 

provide  appropri ate  recommendat ions .  

A m o use-dr iven  i nterface wi l l  b e  used to ach ieve  an  enhanced 

qual i ty of  the h u m an-computer  i n terface .  I t s  pri m ary advantage i s  

ease o f  use  and speed  o f  h um an-computer i nteracti o n .  

T h e  G I S  wi l l  b e  u s e d  as  a database management system to  

fac i l i tate the  storage · and retri eval  of  i nformati on  i n  l o c at ion  
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databases .  I t  i s  used as a tool  to  input,  val i date,  manage,  analyze,  and 

v i s ua l i ze  geographi cal  i nform at ion and also enab l e s  us to manage a 

d iverse combinat ion  of  vector ,  raster,  and tabular  data. I ts  pr im ary 

advantage i s  ease  o f  use as i t  has  a feature-based des ign that a l lows 

us  to  i nteract  wi th  data conven ient ly. 

V i sua l  Bas i c  pro gram represents a v i ta l  l i n k  fro m  the system to 

the  user .  User fri endly graphi cal  user  interfac e  wi l l  improve 

effi c i ency  by prov id ing  users with step-by-step in struct ions  on how to 

success fu l l y  proceed through a consu l tat ion sess ion .  

C .  THE S Y S T EM ' S  ARCHITECTURE 

The  archi tecture of the G I SD S S  for fac i l i ty l ocat ion as a resul t 

of  the system ' s  req u i rement ana lys i s  i s  depi cted in  F igure 2 .  

Th e s y s t e m ' s  a r c h i t e c t u r e  c o m p n s e s  t h r e e  o p e r a t i n g  

env i ronments ,  nam e ly  the  data env i ronment ,  the  system environment ,  

and the user  env i ronment. 
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Data System User 
Environment Environment Environment 

Chromatic Graphical User User's Representation Interface 
Requirement GIS Location as 

:\1odel 
It- as 

as as Dialog 
Inputs 

Experts -f-t !--t Generation 
Publications Database Model base and Recommendation 
Site Surveys Management Management Management Output 
etc. System System - System ,...._ -H 

(DBMS) (MBMS) (DGMS) 

Fig. 2. The architecture of the GISDSS for Facility Location 

The three environments are described be low :  

i .  Data Env i ronment.  

This  component provides domain knowl edge necessary for the 

G I SDSS .  The fi de l i ty of a G l SDSS for faci l ity l ocat i on depends 

l a rge ly on the adequacy and accuracy of l ocat ion databases .  The 

system maintains an ample l ocation information for Thai l and .  Data 

res ided in  the locat ion databases were acquired through vario us data 

acquis i t ion techniques ,  i nc l uding peer interviews, questi onnaires,  

d ia l ogs with business owners or corporate fac i l i ti e s  planners,  s i te 

vis i ts ,  and compilat ion  of location data from published or  computer� 

based sources .  

i i .  System Environment .  

The system env i ronment comprises three main c om ponents, 

namely the database m anagement system (DBMS),  the mode l  base 
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managem en t sys tem (MBMS),  and the dia log genera t ion  and 

m anagement system (DGMS) .  

i i i .  User ' s E nv i ronment .  

The two main  funct ions  performed with i n  the user  environment  

i nc lude soli c i t i ng  users ' requ i rements  and prov i d i n g  recommendat ion  

outputs .  

D .  THE LOCATION DAT ABASE 

Due  to  an huge  amount  of  loca t ion  i n form at ion ,  a database 

manage ment syste m  ( D BMS)  i s  needed to  m anage effect ive  and 

effic i ent storage and retri eval  of  data .  The DBMS is des igned  for 

creat ing  and ma inta in ing  databases and for l i n k i n g  data with 

appl icat ion programs .  C reat i n g  a locat ion  database for al l prov inces  

i n  Thai l and requ i res  a s ign ifi c ant i nvestment  which i s  due  to i t s  s ize 

and the d iffi c ul ty i n  co l l ecti n g  data.  

The amount  of data whi c h  needs to  be acquired for complete  

system development  i s  vo l um i nous ,  coveri n g  every provinces  and 

d i stri cts  i n  Thai l and .  There are 76 prov i nces  i n  Thai l and,  wi th  a 

number of d i stri c t s  i n  each prov inces .  For  example ,  Khonkaen has  2 0  

d i st ric t s .  
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I nformation on locat ion factors can  be obta ined from many 

s o urces as s tated be low:  

i .  Governmental O ffices .  

I n formation on  l oc at ion  factors i n  Tha i l and  can  most ly  be  

gathered from the governmental o ffices  l ocated i n  B angkok. Phone 

c a l l s  or  personal  contacts ,  which are strongly recommended,  can  be 

m ade t o  these o ffices  to  gather those inform ation .  Cost i ncurred i n  

d oi ng this  varies among the method used .  Persona l  contacts are the 

most e xpensive means if those o ffices  are l oc at e d  far away from the 

peop le  who make contacts .  However, they are the most  usefu l  method 

for o btaining the accurate d ata espec ia l l y  when the data i s  s izab l e .  

The l i s t  b e l o w  gives examples o f  some governmental  o ffi ces: 

-Department o f  Local A dm in is trat ion .  

-Department o f  Land.  

-The Metropol itan E lec tric i ty  Authority .  

-Nat ional S tati s t ica l  O ffice .  

-The D epartment o f  Aviat ion .  

-The  Provincia l  E lectric i ty Authority.  

-The Provinc ia l  Waterworks Authority.  

-The Metropo l i tan Waterworks A uthority .  

- The D epartment of Land Transport .  

-Port Authori ty o f  Thai l and  and H arbour Department .  
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-Office  of the National Economic  and Soc ial D evelopm ent 

B oard . 

-Min i stry of  S c ience .  

-Min i stry o f  Labour  and Soc ia l  Welfare.  

-Min i stry of I ndustry . 

-The State Ra i lway of  Thai land .  

-The C o m m un i cat i o n  A uthori ty  of Tha i land .  

- Industr ia l  E state A uthori ty  of Thai land .  

-Tha i  B oard of  I nvestment .  

i i .  Publ icat i ons .  

The  bes t  way  to gather informat ion o n  the  pub l i c at ions  i s  by 

search i n g  for i t  in  the l i b rari es .  However,  i n  Thai l and  there are not 

many pub l i c at ions  concern ing  the locat ion  factors .  

i i i .  Industri a l  Compan ie s .  

Methods used  to obta i n  inform at i o n  from industr i a l  compan i e s  

are s i m i l ar to  those emp loyed for governmental  offi ce s .  

i v .  H u m a n  Experts .  

P eople who are i nvo lved  in  a specifi c  locat i o n  for a long peri o d  

o f  t i m e  c o u l d  be  refe rred to  as  the experts .  The experts  can  a l so  b e  

researchers o r  educators w h o  have a deep knowledge o f  part i cu lar 
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area s .  Inform at ion  obta ined from th i s  source 1 s  norma l ly  free of  

charge . 

A ppen d i x  A provides  a l i s t  of  l ocat i o n  informat i o n  sources  for 

se l ected locat i o n  factors .  

IV. S Y STEM DEVEL O P M EN T  

A .  OVERVIEW 

A D S S  was  characteri zed by Sprague ( 1 9 8 7 )  as fo l l owing :  

- I t  emphas izes  an in teract ive user  i nterface  wh ich  fac i l i tates i t s  

u s e  by  noncomputer  personn e l ;  

- I t  in tegrates the  u s e  of sol ut i on m o d e l s  or analyt i cal 

techni ques  wi th  tradi t i onal  data  access  and retri eva l ;  

- I t  1 s  fo c u s e d  o n  u n s t r u c t u r e d ,  s e m i s t r u c t u r e d ,  a n d  

underspec ifi e d  prob lems  that upper management  usua l ly  faces ;  

and 

- I t  is a daptabl e  a n d  fl ex ib le  to changes in the env i ronment and 

the dec i s i on-m a k i n g  approach of the  user.  

The bas ic  components  of  a typica l  DSS inc lude ( S age,  1 9 8 6 ) :  
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-a  database management  system (DBMS) ,  

-a  model  base  management system (MBMS) ,  and 

- a  d ia log generat i on and m anagement  system (DGMS) .  

A GISDSS  i ntegrates a dec i s ion  s upport system and a 

geograph ic  i nform ati o n  system . The purpose  of  the  i ntegrat ion  1 s  to  

combine  advantage s  o f  bo th  the  DSS  and the  G I S  to ach ieve  more 

powerfu l  dec i s ion  support t oo l . 

B .  THE SYSTEM ' S  CONCEPTUAL FRAMEWORK 

F i g ure 3 i l l u st rates  the con ceptual  framework wh ich  shows how 

inform at ion fl o w s  a m o n g  G I S D S S  componen t s  and the task 

env i ronment .  

The  system requests  i nputs from t h e  user  on the  perc e ived 

i m portance of  each group of  l ocat ion  factors  and begi n s  i ts  

eva l uat ion .  The system retr i eves requ i re d  inform ati o n  from the 

l ocat i o n  database duri n g  the  data col l ec t ion  phase .  The locat ion data 

and  the user ' s i nputs  are sent to the  chromat i c  representati o n  l ocat i on  

mode l  to  iden t ify a n d  analyze of locat i on  a l tern at ives .  The  chromat ic  

representat i o n  l oc at i o n  model  then i nterprets the  resu l ts  from th is  

data ana lysi s phas e  to  sort out preferred l oc at i ons .  The  model  wi l l  
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fo rward the s u i table locat ions  to the users i n terface component  where 

recomm endat ion i s  furn i shed to the user. 

P u b l i c a t i o n s  Govern m e n t a l  Offices  Data bases  I n te rv i ew s  

� , , / 
LOCATION DATABASE 

G EOGRAPHIC INFORMATION SYSTEM 

CHROl\fATIC REPRESENTATION 
LOCATION l\'IODEL 

-Analyze and manipulate location data. 
-Identify preferred sites. 
-Provide explanations. 

USER INTERFACE 
-Solicit users' inputs. 
-Provide recommendation reports. 

' 

l n o 1  t D a ta Rec o m m  " n d a t i o n  

,, 

USER 

Fi gure 3 .  The Conceptual Fram�work for a Geograp h i c  I n form ation 

System-Based Decis ion Support System (GISDS S )  for 

Faci' l ity Locat i o n  
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C. A DATABASE MANAGEMENT S Y STEM (DBMS) 

Locat i o n  databases acqu i red from the  data env i ronment  are 

stored, ed i ted ,  man ipu lated ,  updated, an d retrieved by the  syst em ' s  

DBMS.  Accord ing  t o  Turban  ( 1 99 5 ) , a DBMS perform s three bas i c  

funct i ons �  storage,  retr i eva l ,  and contro l :  

- S torage . DBMS vary i n  the confi gurat ion  o f  the  stored data .  

-Retri eval . The  feature of the DBM S most  v i s i b l e  to  the users i s  

data retri eva l .  C urrent D B M S  offer great fl ex ib i l i ty  i n  terms o f  

how t h e  i n format i on i s  retr ieved and d isp layed .  

-C ontro l .  Much of  the contro l  act iv ity of the  DBMS i s  i nv i s i b l e  

to users .  The  users  a s k  for some i nformat ion  a n d  receive i t  

without  knowing  t h e  processes  that the DBMS has performed .  

A GIS  represents  a p n m e  cho ice  for the accom p l i shm ent of  

these  databas e  management  tasks ,  due  to two  reaso ns :  F irst ly ,  the  G I S  

possesses powerfu l  spat i al -database hand l i n g  capab i l it i e s  nece ssary 

for the  ana lys i s  of a t remendous  amount of l ocat ion data .  Secondly ,  i t  

fac i l i tates  updat es of  dynam i c  l ocat ion  datab ases ,  whi ch are essent ia l  

for ensur ing  data i ntegr i ty .  

Locat i o n  i n fo rmat ion  at  province l eve l  i s  acqui re d  thro ugh 

vari ous  data acqu i s i t i o n  t echn iques,  i nc l ud ing  peer  i nterv i ews ,  



50 

quest ionna i res ,  d i a l o g s  with bus iness  owners or corporate fac i l i t i e s  

p lan ners,  s i t e  v i s i t s ,  and  compi lat ion  of l ocat ion data fro m  pub l i shed  

or com puter-based  sources .  The  numerous i nformat ion obta ined  wa s 

sub sequent ly  analyzed and c l a s s i fi e d  i nto meaningfu l  l ocat i o n  

database s .  Represe ntat ive  sources of l ocati o n  i nformat ion  are 

pro v ided  in Appe n d i x  A .  Table  I I  l i sts the l o cati o n  factors ,  

subfactors ,  and l oc at i on  i nformat ion  that are i ncorporated in the 

system .  

Tab l e  I I .  Locat i o n  Factors Used  i n  a G I S D S S  for Fac i l i ty Locat ion  

Factors  S u bfa c tors 

Market Income trends 

Magnitude 

Transportation Truck transportation 

Rail transportation 

Water transportation 

Air transportation 

Mail and parcel service 

Data Used to Rep rese n t  e a c h  
S u bfactor  

Per capita income 
Income per family 
Expense per income ratio 
Gross Provincial Product 

Average family size 
Total population in area 

Availability 
Frequency of service 
Access to highways 
Cost 

Availability 
Cost 
Frequency of service 

Availability 
Number of port 

Availability 
Number of airport 

Number of post offices 



Factors  

Utilities 

Raw Materials 

Investment 
Promoti o n  
Zones 

Avai lab i l i ty of 
Ind ustr ia l  Park s 

Land Cost 

Env i ronmental  

5 1  

Table II. Cont. 

S u  bf  ac tors 

Others 

Water 

Electricity 

Fuel 

Number of business 
firms 

Avai lab i l i ty 
Zon ing  

Avai lab i l i ty 

C ost of  land 

Air  p o l l ut ion  

Weather 

Waste disposal 

Sewage disposal 
systems 

Garbage disposal 

D a ta Used t o  Rep resen t each 
S u b facto r 

Availability of bus, taxi, and car 
rental 

Water supply 

Electricity sales 
Number of users 

Monthly fuel expense per 
household 

Number of business finns 
established 

Avai lab i l ity 
Zon ing  

Avai lab i l ity 

C o st of land 

Noise 
Traffic 
Noxious gases 
Odor 
Local regulatory bodies 

Average temperature 
Rain condition 

Regulatory bodies 
Availability 
Cost 

Availability 
Cost 

Availability 



F a c t o r s  

Governmental 
Considerations 

Labor 

Land Are a  

P o p u l at i o n  
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Table II. Cont. 

S u  b f  a c t o r s  

General services 

Special regulations 
related to industries 

Taxes 

Government 
administration in area 

Availabil ity 

Costs 

Labor Law 

U n e m p l oyment  rate 

D a t a  Used t o  R e p r e s e n t  each 
S u b fa c t o r  

Cost o f  service 

Fire protection 
Police 
Security 
Entertainment facilities 

Special regulations 
related to industries 

Corporate income tax 

Number of government 
administration in area 

Labor force 

Wage rates 

Labor Law 

U n e m pl oyment rate 

Land Area 

Popu l at i o n  

A s  a c o ns e q u e n c e  o f  t h e  afo re m e n t i o n e d  data acqui s i t i on ,  

wi d e l y·accepted l oc a t i o n  factors,  have been i de nt i fi ed.  F o l l o w i n g  

i t e m i z e  t h e  ordered r a n k i n g  o f  i m po rtant  l oc a t i o n  factors  evaluated 

fro m  a l l  s o ur c e s  o f  l o c at i on data i n  Thai l and:  
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-Market 

-Transportat i o n  

-Ut i l it i e s  

- Raw materi a l s 

- Inve stment  promot ion zones 

-Avai l ab i l i ty of i ndustr ial  parks 

-Land cost 

- E nv i ro nmental  c o ncerns 

-Governmental cons iderat ions  

-Labor 

D .  A MODEL BASE MANAGEMENT S Y STEM {MB M S) 

The most i mportant characteri s t i c  of an MBMS i s  that i t  sh oul d 

enable a DSS to evaluate dec i s ion  a l ternatives  by employ i ng a model  

base  of  algorithm ic  procedures  and m anagement protocol s .  Major  

funct i on s ,  o r  capabi l i t i e s ,  of  the  MBM S  (Turban,  1 9 95 ) :  

-Creates models  eas i ly  and  quickly,  e ither from scratch or  fro m  

ex is t ing  m ode l s  or  from the bu i l d i ng  b locks .  

-Al l ows users to manipulate t h e  m odels so that they c a n  

conduct exper iments a n d  sens i t ivi ty  analyses rang ing  from 

"what-i f' to goal  s eeking.  
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-Stores and manages a wide variety o f  d ifferent types of m odels 

in a log ical and i n tegrated m anner .  

-Accesses and i n tegrates the  m odel bu i l d i ng  blocks .  

-Catalogs and d i sp lays the di rectory of model s  for use by 

several i nd iv idua l s  i n  the organi zat ion .  

-Tracks model s, data, and  appl i cati on usage .  

- In terre lates mode ls  with appropriate l i nkages through the 

database .  

-Manages an d m a i nta ins  the m odel  base wi th  management 

functio n s  analogous to database manage m ent :  store, access ,  run,  

update ,  l ink ,  catalog,  and query .  

The  G I S D S S  for fac i l i ty locat ion empl oys a chromat ic  

representat i on l oc at ion  m odel as an  MBMS.  The m ode) eval uates 

l ocat ion alternat ives  and  recomm ends the m ost su itable s i te  through 

the adopt ion of the  hue ,  saturat ion ,  and valu e  (H SY) col or m odel . 

Hue di st ingui shes am ong  co lors such as red, green,  b lue ,  and 

magenta .  S aturat ion  refers to  how far color  is  from a gray of equal 

i ntensity .  Val ue  refers to the perceived i ntens i ty of  a se lf- l u m i nous 

obj ect, such as a l i gh t  bulb ,  o r  the sun .  

A col or  m ode l  speci fi e s  a 3D color coord inate system and a 

v i s ib le  subset in  the  coordinate  system i n  whi c h  al l  co lors i n  a 

part icul ar color gamut l i e  (Foley et  a l . ,  1 990) .  The H S V  color  model ,  
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as i l l us trated in F i g .  4 ,  is  the hexcone or s ix - s ided pyramid subset  of  

the  3 0  cyl i ndr ical  coordinate  system.  The top of  the hexcone  

corresponds  to the va lue  ( V) of  I ,  represent i n g  the maximum co lor  

bri g htnes s .  Vary i n g  the ang le  around the  V ax i s re sul ts  in  chang ing  

hues ,  e . g . 0 °  for red ,  1 20 °  for green ,  240°  for b l ue ,  as depi cted i n  F i g .  

5 .  C olor  s aturat ion  ranges from 0 o n  t h e  center  l i ne ( V  axis ) to  1 o n  

t h e  tr i an gu lar s ides  o f  t h e  hexcone .  

G re e n  1 2 0° v Yel low 

Red 0° 

B lack  s 

F i g. 4 .  A n  H S V  Color  Model  



56 

Fig. 5. Various Hue Angles 

The chromat i c  representat i o n  l ocat i on m odel  regards a hue  as a 

l ocat ion  factor, hence vari ous  hue angles  m ay be  s pec i fi e d  for al l 

factors under con s i derat i on .  Locat ion factors correspond to th e hue 

angl es  are shown i n  Tab l e  I I I :  

Table  I I I .  Vari ous H u e  Angles  Spec i fi e d  b y  D i fferent Locat i on  Factors 

Locat ion  F actors  Hue A n gles  Co lor  

Market 0 Red  

Transportat i o n  1 2 0 Green 

Ut i l it i e s 240 B l u e  

R a w  Mater i a l s 6 0  Yel l ow 

Investment Promotion  1 80 Cyan 
Zones 



Loca t i o n  Facto rs 

Avai l a b i l i ty of 
Industri a l  Parks  

Land Cos t  

ABAC 
GRADUATF: �CHOOL LIBRA: 

Tab l e  I I I .  Cont .  

H u e  A ngles  

3 00 

9 0  

Env i ronmental  C oncerns 1 5 0 

Governmental C on s i derat ions  3 0  

Labor 2 1 0 
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C o l o r  

Magenta 

Light Y e l l o w  

L i ght G reen 

Li ght Red  

L igh t  B lue  

A tri angu lar  p l ane ,  shown i n  F ig .  6 ,  depi cts a l ocat ion  factor  

whose hue angle  l i e s  at 0 °  or  red .  Factor  wei ghts ,  or  degrees of 

im portance,  can  b e  stated by vary ing  the  color saturat i on ,  rangi ng 

fro m  1 as  un im portant to  0 as the most i m portant .  Table IV represents 

H S V color coordinates  based on degrees  of  i m portance  fo r each 

location factors .  

0 s 

v 

0 

Figure 6. A Triangular Plane for 0° Hue Angle 



Tab l e  IV .  H S Y  Co lor  Coord inates  for D i fferen t  Locat ion  Factors 

Locat i o n  factor  

Market 

Transportat ion  

Uti l i t i e s  

Raw Materi a l s  

I nvestment  Promot ion  Zone  

A vai lab i l ity of  Industri a l  Parks 

Land Cost 

E nviron mental  Concerns  

Governmental  Cons i derat ions  

Labor 

(H,S,  V)  C o l o r  Coo rd i n ates 

(0 ,0 ,V) 

( 1 20 ,0 .  l ,  V) 

(240 ,0 . 2 ,  V )  

(60 ,0 . 3 ,V )  

( 1 8 0 , 0 . 4 ,  V )  

(3 0 0 , 0 . 5 ,  V ) 

(90 ,0 . 6 , V ) 

( 1 5 0 ,0 . 7 ,V ) 

(30 ,0 . 8 ,  V ) 

(2 1 0 , 0 .  9 ,  V )  
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S cores for cand i date s i tes ,  based on any locat ion  factors ,  can 

be  expressed by vary i n g  the vert ica l  va lue  (V ),  with 1 a s  the lowest 

and 0 as the h i ghest .  

T h e  factor ' s  wei ghted score  can b e  l ocated o n  the tri angular  

pl ane shou ld  the vert i c al va lue ,  o r  a factor ' s  score ,  and the  saturat ion ,  

or  a factor' s wei gh t  i s  known.  For  i n stance ,  B angkok rece ives  the  

l owest  score o n  the  l and cost l oc at i on factor then  the  factor ' s  

wei ghted sco re o f  Bangkok,  represented b y  HSY co l o r  coord inate, 
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would be  ( 9 0 ,0 . 6 ,  l ). The chrom at i c  representat i on  of the factor' s 

we i ghte d  score can thus  b e  numer ica l ly  spec i fi e d  and graph i c a l l y  

d i sp layed through the  H S V  c o l o r  coord inates .  Tab le  V t o  V I I I  

i l l ustrate  the  fa c to r ' s  wei ghted score in  terms  of H S V  c o l o r  

coordinates  for e a c h  l ocat i ons .  

Tab le  V .  H S V  C o l o r  Coord inates  for Market, Transporta t ion ,  and 
Uti l i t i e s  

P ro v i n c e  

Bangkok 

Samutprakarn 

Nonthaburi  

P athum than i 

P ranakornsr i -

Ayuthaya 

An gthong 

L opburi  

S i ngbur i  

Chai nat 

Sarabur i  

Chonbur i  

Rayong 

Chantaburi  

Trad 

C hacherngsao 

Praj inburi 

Nakornnayok 

Srakaew 

M a rket 

( 0 , 0 , 0 )  

( 0 , 0 , 0 )  

( 0 , 0 , 0 )  

( 0 , 0 , 0 )  

( 0 , 0 , 0 . 3 )  

( 0 , 0 , 0 . 6 )  

( 0 , 0 ,0 . 3 )  

( 0 , 0 , 0 . 5 )  

( 0 , 0 ,0 . 6 )  

( 0 ,0 , 0 . 3 )  

( 0 , 0 , 0 . 1 )  

( 0 , 0 , 0 . 1 )  

( 0 , 0 , 0 . 4 )  

( 0 , 0 , 0 . 6 )  

( 0 , 0 ,0 . 3 )  

( 0 , 0 , 0 . 6 )  

( 0 , 0 , 0 . 3 )  

( 0 ,0 ,0 . 8 )  

Tran s p o rtat ion  

( 1 2 0 , 0 . 1 ,0 )  

( 1 2 0 ,0 . 1 ,0 . 3 )  

( 1 20 , 0 . 1 ,0 . 3 )  

( 1 2 0 , 0 . 1 , 0 . 3 )  

( 1 2 0 , 0 . 1 ,0 . 4 )  

( 1 20 ,0 .  1 , 0 . 6 )  

( 1 20 ,0 . 1 ,0 . 3 )  

( 1 20 ,0 . 1 , 0 .  7)  

( 1 20 ,0 . 1 ,0 . 5 )  

( 1 2 0 , 0 . 1 ,0 . 3 )  

( 1 20 ,0 . 1 , 0 )  

( 1 20 ,0 . 1 ,0 . 1 )  

( 1 2 0 ,0 . 1 ,0 . 5 )  

( 1 2 0 ,0 . 1 ,0 . 8 )  

( 1 20 ,0 . 1 , 0 . 4 )  

( 1 20 , 0 . 1 ,0 .  5 )  

( 1 20 ,0 . 1 , 0 .  8 )  

( 1 20 ,0 . 1 ,0 . 6 )  

U t i l i t i es 

( 240 ,0 . 2 , 0 )  

( 240 ,0 . 2 , 0 )  

(240 ,0 . 2 ,0 )  

( 24 0 , 0 . 2 , 0 .  1 )  

( 2 4 0 ,0 . 2 , 0 . 3 )  

( 240 ,0 . 2 ,0 . 5 )  

( 2 4 0 ,0 . 2 ,0 . 4 )  

( 240 ,0 . 2 , 0 . 4 )  

(240 ,0 . 2 ,0 . 6 )  

(240 , 0 . 2 , 0 . 3 )  

(240 , 0 . 2 ,0 )  

( 240 ,0 . 2 , 0 )  

(240 , 0 . 2 ,0 . 3 )  

(240 ,0 . 2 ,0 . 5 )  

(240 ,0 . 2 ,0 . 5 )  

(240 ,0 . 2 , 0 . 5 )  

(240 , 0 . 2 ,0 . 3 )  

(240 ,0 . 2 ,0 . 7 )  
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Tab le  V. Cont .  

P rov i nce  M a r ket T r a n s p o rtat i o n  U t i l i t i es 

Nakornratcha- ( 0 , 0 , 0 )  ( 1 20 ,0 . 1 ,0 . 1 )  (240 , 0 . 2 ,0 . 2 )  

s 1 m a  

Bur i  rum ( 0 , 0 , 0 . 3 )  ( 1 2 0 , 0 .  1 , 0 . 4 )  (240 ,0 . 2 ,0 .  8 )  

S ur in  ( 0 , 0 ,0 . 7 )  ( 1 2 0 ,0 . 1 ,0 . 4 )  (240 , 0 . 2 , 0 . 7 )  

Sri saket ( 0 , 0 ,0 . 8 )  ( 1 2 0 ,0 . 1 , 0 . 4 )  (240 ,0 . 2 ,  1 )  

Ubonratcha- ( 0 , 0 , 0 . 1 )  ( 1 20 ,0 . 1 ,0 . 1 )  (240 ,0 . 2 , 0 . 3 )  

tha n i  

Yasothorn ( 0 , 0 , 0 . 9 )  ( 1 2 0 ,0 . 1 , 0 . 5 )  (240 ,0 . 2 , 0 . 9 )  

Cha iyapum ( 0 , 0 , 0 . 4 )  ( 1 2 0 ,0 . 1 , 0 . 4 )  (240 ,0 . 2 , 0 . 5 )  

Amn ardcharo e n  (0 ,0 ,0 . 9 ) ( 1 20 ,0 . 1 , 0 . 9 )  (240 , 0 . 2 , 0 .  8 )  

Nongbua lumpoo ( 0 , 0 ,0 . 8 )  ( 1 2 0 , 0 . 1 , 0 . 9 )  (240 ,0 .  2 , 0 .  9 )  

Khonkae n ( 0 , 0, 0 .  1 )  ( 1 20 ,0 . 1 ,0 . 1 )  (24 0 , 0 . 2 , 0 . 1 )  

Udornthani  ( 0 , 0 ,0 . 3 )  ( 1 20 ,0 .  1 , 0 .  l )  ( 2 4 0 , 0 . 2 , 0 . 6 )  

Loei  ( 0 ,0 ,0 . 7 )  ( 1 2 0 ,0 . 1 , 0 . 2 )  ( 2 4 0 , 0 . 2 , 0 . 8 )  

Nongkhai  (0 ,0 ,0 . 7 )  ( 1 20 ,0 . 1 ,0 . 5 )  (240 ,0 . 2 , 0 . 6 )  
' 

Mahasarakam ( 0 , 0 ,  1 )  ( 1 20 ,0 . 1 , 0 . 5 )  ( 2 4 0 ,0 . 2 ,  1 )  

Roi-ed  (0 ,0 ,0 . 9 )  ( 1 2 0 ,0 . 1 , 0 . 4 )  (240 ,0 . 2 ,0 . 8 ) 

Kalas  in  ( 0 , 0 , 1 )  ( 1 2 0 ,0 . 1 ,0 . 5 )  (240 ,0 . 2 , 0 . 8 )  

Sakonnakorn ( 0 , 0 , 0 . 6 )  ( 1 20 ,0 . 1 , 0 . 2 )  (240 ,0 . 2 ,0 . 1 )  

Nakornpanom ( 0 , 0 , 0 . 8 )  ( 1 20 ,0 . 1 , 0 . 6 )  (240 ,0 . 2 , 0 .  9 )  

Mukdaharn ( 0 ,0 , 1 )  ( 1 20 ,0 . 1 , 1 )  (240 ,0 . 2 ,  1 )  

Chi angmai  ( 0 , 0 , 0 . 1 )  ( 1 20 ,0 . 1 ,0 . 1 )  ( 2 40 ,0 . 2 ,0 . 1 )  

Lam pun ( 0 ,0 ,0 . 5 )  ( 1 2 0 ,0 . 1 ,0 . 6 )  (240 ,0 . 2 ,0 . 5 )  

Lam pang ( 0 , 0 , 0 . 3 )  ( 1 20 ,0 . 1 ,0 . 2 )  (240 ,0 . 2 ,0 . 4 )  

Utaradit ( 0 , 0 ,0 . 6 )  ( 1 20 ,0 . 1 ,0 . 2 )  (240 ,0 . 2 , 0 .  7 )  

Phrae ( 0 , 0 , 0 . 7 )  ( 1 20 ,0 . 1 ,0 . 2 )  (240 ,0 . 2 ,0 . 7 )  

Nan ( 0 , 0 , 0 . 6 )  ( 1 2 0 ,0 . 1 ,0 . 2 )  (240 ,0 . 2 ,0 . 6 )  
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Tab le  V .  Cont .  

P ro v i n ce M a rket T r a n s p o rtat ion  U t i l i t i es 

Payao ( 0 , 0 , 0 . 8 )  ( 1 2 0 , 0 . 1 ,0 . 8 )  ( 240 ,0 . 2 , 0 .  7) 

C h i angrai ( 0 ,0 ,0 . 2 )  ( 1 2 0 ,0 . 1 , 0 . 2 )  (24 0 , 0 . 2 , 0 . 3 )  

Maehongsorn (0 , 0 , 0 . 8 )  ( 1 2 0 , 0 . 1 , 0 . 2 )  (240 , 0 . 2 , 0 . 6 )  

Nakornsawan ( 0 , 0 , 0 . 2 )  ( 1 20 ,0 . 1 , 0 . 1 )  ( 240 ,0 . 2 , 0 . 5 )  

Uth aithani  ( 0 ,0 , 0 . 7 )  ( 1 2 0 ,0 . 1 ,0 .  7 )  (240 , 0 . 2 , 0 .  7 )  

Kam paengpet  ( 0 , 0 , 0 . 7 ) ( 1 20 ,0 . 1 , 0 . 4 )  (240 ,0 . 2 , 0 . 5 )  

Tak ( 0 , 0 , 0 . 7 ) ( 1 2 0 ,0 . 1 , 0 . 2 )  (240 ,0 . 2 , 0 . 4 )  

S ukothai  ( 0 , 0 , 0 . 4 )  ( 1 2 0 , 0 . 1 , 0 . 5 )  ( 240 ,0 . 2 , 0 . 5 )  

P i t sanulok (0 ,0 ,0 . 3 )  ( 1 2 0 , 0 . 1 ,0 . 2 )  (240 ,0 . 2 ,0 . 5 )  

P i ch  i t  ( 0 ,0 , 0 . 3 )  ( 1 20 ,0 . 1 ,0 . 5 )  ( 240 ,0 . 2 , 0 . 4 )  

Petchabun ( 0 , 0 , 0 . 7 ) ( 1 20 ,0 . 1 ,0 . 5 )  (240 ,0 . 2 ,0 . 5 )  

Ratchaburi (0 , 0 ,0 . 3 )  ( 1 2 0 ,0 . 1 ,0 . 3 )  ( 24 0 ,0 . 2 ,0 . 3 )  

Kanchanaburi  ( 0 , 0 , 0 . 3 )  ( 1 20 ,0 . 1 ,0 . 3 )  ( 240 ,0 . 2 , 0 . 3 )  

Supanburi  ( 0 , 0 ,0 . 4 )  ( 1 20 ,0 . 1 ,0 . 3 )  (24 0 ,0 . 2 , 0 . 3 )  

Nakornpathom (0 ,0 ,0 . 1 )  ( 1 20 ,0 . 1 , 0 . 3 )  ( 240 ,0 . 2 ,0 . 1 )  

Sam utsakorn ( 0 , 0 , 0 )  ( 1 2 0 , 0 . 1 ,0 . 4 )  (240 , 0 . 2 ,0)  

Samutsongkram (0 ,0 ,0 . 2 )  ( 1 20 ,0 .  1 , 0 .  7 )  (240 , 0 . 2 , 0 . 2 )  

P etchaburi ( 0 , 0 , 0 . 3 )  ( 1 2 0 , 0 .  1 , 0 . 4 )  (240 ,0 . 2 ,0 . 3 )  

P raj uabkir ikhan ( 0 , 0 , 0 . 3 )  ( 1 2 0 , 0 . 1 , 0 . 2 )  ( 240 ,0 . 2 ,0 . 4 )  

Nakornsr i - (0 ,0 ,0 . 1 )  ( 1 2 0 ,0 . 1 , 0 . 2 )  (240 , 0 . 2 ,0 . 3 )  

tham m arat 

Krabi  ( 0 , 0 , 0 . 5 )  ( 1 2 0 , 0 . 1 , 0 . 8 )  (240 ,0 . 2 ,0 . 4 )  

Pang-nga ( 0 , 0 , 0 . 5 )  ( 1 2 0 , 0 . 1 , 1 )  ( 240 , 0 . 2 , 0 . 4 )  

P h uket ( 0 ,0 ,0 . 1 )  ( 1 2 0 , 0 . 1 , 0 )  (240 ,0 . 2 ,0 . 2 )  

Suratthani  ( 0 ,0 ,0 . 2 )  ( 1 20 ,0 . 1 , 0 . 2 )  (240 ,0 . 2 ,0 . 3 )  

Ranon g  ( 0 , 0 ,0 . 8 )  ( 1 2 0 , 0 . 1 ,0 . 2 )  (240 ,0 . 2 , 0 . 5 )  

Churn porn ( 0 , 0 ,0 . 5 )  ( 1 2 0 , 0 . 1 , 0 . 6 )  (240 ,0 . 2 ,0 . 4 )  

Songk la  ( 0 ,0 ,0 . 1 )  ( 1 2 0 ,0 . 1 ,0 )  (240 ,0 . 2 , 0 . 1 )  
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Tab l e  V.  Cont .  

P ro v i n ce M a rket T r a n s p o rta t i o n  U t i l i t ies  

Sa tun  ( 0 , 0 , 0 . 5 )  ( 1 20 ,0 . 1 , 1 )  (240 ,0 . 2 ,0 . 5 )  

Trang (0 ,0 , 0 . 5 )  ( 1 2 0 ,0 . 1 , 0 . 2 )  (240 ,0 . 2 , 0 . 4 )  

Patta lung ( 0 , 0 , 0 . 5 )  ( 1 2 0 ,0 . 1 ,0 . 8 )  (240 , 0 . 2 ,0 . 5 )  

Pattani ( 0 , 0 , 0 . 4 ) ( 1 2 0 , 0 . 1 ,0 . 2 )  (240 ,0 . 2 , 0 . 5 )  

Yal a ( 0 , 0 ,0 . 5 )  ( 1 2 0 , 0 . 1 ,0 . 7 ) (240 ,0 . 2 ,0 . 4 )  

N arat ivas  ( 0 , 0 , 0 . 6 )  ( 1 2 0 , 0 . 1 ,0 . 2 )  (240 ,0 . 2 , 0 . 5 ) 

Tabl e VI .  HS V Co lor  Coordinates for Investment Promotion Zones ,  
Avai l ab i l i ty  of  I ndustr ia l  Parks ,  and Land Cost 

P rovi n ce 

Bangkok 

S amutprak arn 

Nonthabur i  

P athumthan i 

Pranakornsr i -

Ayuthaya 

Angthong 

Lopburi  

S i ngbur i  

Chainat  

Sarabur i  

C honburi 

Rayong 

I n vestment  P ro m ot i o n  Ava i la b i l i ty 
Z o n e  o f  I n d ustr ia l  

Pa rks 

( 1 8 0 , 0 . 4 ,  1 )  ( 300 ,0 . 5 ,0 . 2 )  

( 1 8 0 , 0 . 4 , 1 )  ( 3 00 ,0 . 5 , 0 . 3 )  

( 1 8 0 , 0 . 4 ,  1 )  ( 300 ,0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 ,  1 )  ( 3 0 0 , 0 .  5 ,  l )  
( 1 8 0 , 0 . 4 ,0 . 5 )  ( 300 ,0 . 5 ,0 . 1 )  

( 1 8 0 , 0 . 4 ,0 . 5 )  ( 3 00 , 0 . 5 ' 1 )  

( 1 80 , 0 . 4 ,0 )  ( 3 0 0 , 0 .  5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,  1 )  

L a n d  Cost 

(90 , 0 . 6 ,  1 )  

(90 , 0 . 6 ,0 . 8 ) 

(90 , 0 . 6 , 0 . 9 )  

(90 ,0 . 6 ,0 . 8 ) 

(90 ,0 . 6 , 0 . 3 )  

(90 ,0 . 6 , 0 . 2 ) 

(90 ,0 . 6 , 0 . 2 )  

(90 ,0 . 6 , 0 . 2 ) 

(90 , 0 . 6 , 0 . 3 )  

( 1 8 0 , 0 . 4 , 0 . 5 )  ( 300 ,0 .  5 , 0 . 3 )  (90 ,0 . 6 , 0 .  3 )  

( 1 8 0 ,0 . 4 , 0 . 5 )  ( 3 0 0 , 0 . 5 , 0 . 1 )  (90 , 0 . 6 , 0 .  9 )  

( 1 80 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,0 )  ( 90 ,0 . 6 , 0 . 8 )  



P rov ince  

Chantabur i  

Trad 

Chacherngsao 

Praj i nb ur i  

Nakornnayok 

Srakaew 

Nakornratcha-

s 1 m a  

B u r i  rum 

Suri n 

Sr i saket 

U bonratc hathan i  

Yasothorn 

Cha iyapum 

A mnardcharoen 

N o ngbual  um poo  

Khonkaen 

Udornthan i  

Loe i  

Nongkhai  

Mahasarakam 

Roi-ed 

Kalasin 

Sakonnakorn 

Nakornpanom 

Mukdaharn 

Table  VI .  Cont .  

I nvestment  P ro m o t i o n  Ava i l a b i l i ty 
Zo n e  o f  I n d u s t r i a l  

P a rks 

( 1 8 0 ,0 . 4 ,0 )  ( 300 ,0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 , 0 . 5 ,  1 )  
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La n d  Cost 

( 9 0 ,0 . 6 ,0 . 6 )  

( 9 0 , 0 . 6 , 0 . 4 )  

( 1 8 0 , 0 . 4 ,0 .  5 )  ( 300 , 0 . 5, 0 . 3 )  (90 , 0 . 6 , 0 . 2 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 , 0 . 5 ,  1 ) ( 90 ,0 . 6 , 0 . 3 )  

( 1 8 0 , 0 . 4 , 0 .  5 )  ( 300 ,0 .  5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 5 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 . 5 , 1 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 300 ,0 . 5 ,  I )  ( 9 0 , 0 . 6 , 0 . 8 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 , 0 . 5 ,  1 )  (9 0 , 0 . 6 , 0 )  

( 1 8 0 , 0 . 4 , 0 )  ( 300 ,0 . 5 ,  I )  (90 ,0 . 6 ,0 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 ,'O . 5 ,  1 ) ( 9 0 , 0 . 6 , 0 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 .  5 ,  1 )  (9 0 ,0 . 6 , 0 . 5 )  

( 1 80 , 0 . 4 , 0 )  ( 3 0 0 ,0 . 5 ,  1 )  ( 90 ,0 . 6 , 0 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 .  5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 ,0 ) ( 3 0 0 , 0 .  5 ,  I )  ( 9 0 , 0 . 6 , 0 )  

( 1 8 0 , 0 . 4 ,0 )  ( 3 0 0 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 9 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 .  5 , 0 . 4 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 .  5 , I )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 0 0 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 )  

( 1 8 0 , 0 . 4 ,0 )  ( 3 00 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 )  

( 1 8 0 , 0 . 4 ,0 )  ( 3 00 , 0 . 5 , I )  ( 9 0 , 0 . 6 , 0 )  

( 1 80 ,0 .4 ,0 )  ( 3 0 0 ,0 . 5 , I )  ( 9 0 ,0 . 6 ,0 . 1 )  

( 1 8 0 , 0 . 4 ,0)  ( 3 0 0 , 0 . 5 , 1 ) ( 9 0 , 0 . 6 , 0 )  

( 1 8010 . 4 10) poo10 . s 1 1 )  (9 010 . 6 10 )  



P ro v i n c e  

Chiangmai  

Lam pun 

Lam pang 

Utarad i t  

Phrae 

Nan 

Payao 

C h i angra i 

Maehongsorn 

Nakornsawan 

Uthaithani  

Kampaen gpet 

Tak 

S ukotha i  

P i t sanulok 

P ich  i t  

Petchabun 

Ratchaburi  

Kanchanab uri 

Supanbur i  

Nakornpath o m  

Samutsakorn 

Samutsongkram 

Petchab ur i  

Praj uabk i rikhan 
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Ta ble  VI. Cont .  

I nvestment  P romot ion  Ava i l a b i l i ty  Land Cost  

Z o n e  o f  I n d u s t r i a l  
P a rks 

( 1 8 0 , 0 . 4 ,0 )  

( 1 8 0 , 0 . 4 ,0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 ,0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 ,0)  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 ,0)  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 ,0)  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 1 80 ,0 . 4 ,0 )  

( 1 8 0 ,0 . 4 ,0 )  

( 1 8 0 , 0 . 4 ,0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 1 8 0 , 0 . 4 ,0 . 5 )  

( 1 8 0 ,0 . 4 , 0 . 5 )  

( 1 8 0 , 0 . 4 ,0 . 5 )  

( 1 8 0 , 0 . 4 ,  1 )  

( 1 8 0 , 0 . 4 ,  1 )  

( 1 8 0 , 0 . 4 ,  1 )  

( 1 8 0 , 0 . 4 ,0 )  

( 1 8 0 , 0 . 4 , 0 )  

( 300 ,0 .  5 ,  1 )  ( 90 ,0 . 6 ,  1 )  

( 3 00 ,0 . 5 , 0 . 4 )  (90 ,0 . 6 , 0 . 2 )  

(300 ,0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 .  7 )  

( 300 , 0 . 5 ,  1 )  ( 90 ,0 . 6 , 0 . 3 )  

(3 00 ,0 . 5 ,  1 )  (90 , 0 . 6 , 0 . 4 )  

( 300 , 0 . 5 ,  1 )  ( 90 ,0 . 6 , 0 . 4 )  

( 300 , 0 . 5 ,  1 )  ( 90 ,0 . 6 ,0 . 3 )  

( 300 ,0 . 5 ,  1 )  ( 9 0 , 0 . 6 ,0 . 8 ) 

( 300 ,0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 3 )  

( 300 , 0 . 5 , 0 . 4 )  ( 90 ,0 . 6 , 0 . 4 )  

( 300 ,0 . 5 ,  1 )  ( 90 ,0 . 6 , 0 . 2 )  

( 300 ,0 .  5 ,  1 )  ( 9 0 , 0 . 6 , 0 .  1 )  

( 300 ,0 .  5 ,  1 )  (90 ,0 . 6 , 0 . 4 )  

( 300 , 0 . 5 ,  1 )  (90 , 0 . 6 , 0 . 2 ) 

( 300 ,0 . 5 , 1 )  ( 90 ,0 . 6 ,0 . 3 )  

( 3 00 ,0 . 5 , 0 . 4 )  ( 9 0 , 0 . 6 ,0 . 6 ) 

(300 ,0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 1 )  

( 3 0 0 ,0 . 5 ,0 . 4 )  (90 ,0 . 6 , 0 . 6 )  

( 300 ,0 . 5 , 1 )  ( 90 ,0 . 6 ,0 . 6 )  

( 3 00 , 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 6 )  

( 300 ,0 . 5 , 1 )  ( 90 ,0 . 6 , 0 . 8 )  

( 3 00 ,0 .  5 ,0 . 4 )  (90 ,0 . 6 , 0 .  7 )  

( 300 ,0 . 5 , 1 )  ( 90 ,0 . 6 ,0 . 5 )  

( 3 00 ,0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 .  7 )  

( 300 ,0 . 5 , 0 . 4 )  ( 9 0 , 0 . 6 , 0 . 6 )  



P ro v i n c e  

Nakornsr i -

thamm arat 

K rabi 

P ang-nga 

Ph uket 

S uratthani  

Ranong 

Chum porn 

Songk l a  

S a  tun 

Trang 

Patta lung 

Pattani 

Ya la 

Narat ivas 
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Table  VI . Cont .  

I nvestment  P ro m ot ion  Ava i l a b i l ity Land Cost  

Z o n e  of  I n d ustr ia l 
Pa rks 

( 1 8 0 , 0 . 4 ,0 )  (300 ,0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 . 5 ,  I )  
( 1 8 0 , 0 . 4 ,0 )  ( 300 ,0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 . 5 ,  I )  
( 1 8 0 , 0 . 4 , 0 )  (300 , 0 . 5 ,  1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 . 5 , 1 )  

( 1 8 0 , 0 . 4 , 0 )  ( 300 ,0 . 5 ,  1 )  

(90 ,0 . 6 , 0 .  7 )  

(90 ,0 . 6 ,0 . 3 )  

(90 ,0 . 6 , 0 . 2 )  

(90 , 0 . 6 ,  I )  
(90 ,0 . 6 , 0 .  7 )  

(90 ,0 . 6 ,0 . 6 )  

(90 ,0 . 6 , 0 .  7) 

( 1 8 0 , 0 . 4 , 0 )  ( 3 00, 0 . 5 , 0 . 4 )  (90 ,0 . 6 , 0 .  9 )  

( 1 80 , 0 . 4 ,0 )  ( 300 ,0 . 5 ,  1 )  ( 90 ,0 . 6 ,0 . 3 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 .  5 ,  1 )  (90 , 0 . 6 ,0 . 5 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 . 5 , 1 )  (90 ,0 . 6 , 0 .  7 )  

( 1 8 0 , 0 . 4 , 0 )  ( 300 ,0 . 5 , l )  ( 90 ,0 . 6 , 0 . 4 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00, 0 . 5 ,  1 )  ( 9 0 , 0 . 6 , 0 . 5 )  

( 1 8 0 , 0 . 4 , 0 )  ( 3 00 ,0 .  5 ,  1 )  ( 90 ,0 . 6 , 0 . 4 )  

Table V I I .  H S V  C o l o r  C o o rd i n a t e s  for R a w  Mate ri a l s  a n d  

Env i ronmental C oncerns 

P rovi n ce 

Bangkok 

Samutprakarn 

R a w  Mater ia l s  

(60 ,0 . 3 ,0 )  

( 6 0 , 0 . 3 , 0 )  

E nv i ron me n t a l  Conc e r n s  

( 1 50 ,0 . 7, 1 )  

( 1 5 0,0.  7 ,0 . 9 )  



P rov ince  

Nonthaburi 

Pathumth ani  

Pranakornsr i -

Ayuthaya 

Angtho n g  

Lopburi 

S ingburi  

Chainat 

Saraburi 

Chonburi  

Rayong 

Chantaburi 

Trad 

Chacherngsao 

Praj i nburi  

Nakornnayok 

Srakaew 

Nakornratcha-

s 1 m a  

B uri rum 

S ur in  

Sr i saket 

Ubonratcha-

thani 

Yasothorn 

Chaiyapum 

Amnardcharo e n  

N ongbual um p o o  

I ABAC 

GRADUATE �CH OOL LIBRL 
---·' 

Tab l e  VI I .  Cont .  
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R a w  Mater ia l s  E nv i ro n m en t a l  C o n c e r n s  

(60 ,0 . 3 ,0 )  ( 1 50 , 0 . 7 , 1 )  

( 60 ,0 . 3 ,0 . 1 )  ( 1 5 0 , 0 .  7 , 0 .  9 )  

( 60 ,0 . 3 , 0 . 4 )  ( 1 5 0 , 0 .  7 ,0 . 4 )  

( 60 ,0 . 3 ,0 . 5 )  ( 1 5 0 , 0 .  7 , 0 .  5 )  

( 60 , 0 . 3 , 0 . 4 )  ( 1 5 0 , 0 .  7 , 0 . 4 )  

( 6 0 ,0 . 3 , 0 . 5 )  ( 1 5 0 , 0 . 7 , 0 . 6 )  

( 6 0 ,0 . 3 ,0 . 6 )  ( 1 50 ,0 . 7 ,0 . 3 )  

( 6 0 ,0 . 3 , 0 . 3 )  ( 1 5 0 , 0 . 7 ,0 . 6 )  

( 60 , 0 . 3 , 0 )  ( 1 50 ,0 . 7 ,0 . 9 )  

(60 , 0 . 3 , 0 .  l )  ( 1 5 0 ,0 . 7 , 0 . 8 )  

( 60 ,0 . 3 , 0 . 5 )  ( 1 50 ,0 . 7 ,0 . 5 )  

(60 , 0 . 3 ,0 . 7 )  ( 1 5 0 , 0 . 7 ,0 . 5 )  

( 60 ,0 . 3 , 0 . 5 )  ( 1 50 ,0 . 7 ,0 . 3 )  

( 60 ,0 .  3 ,0 . 6 )  ( 1 5 0 , 0 .  7 , 0 . 6 )  

( 60 ,0 . 3 ,0 . 3 )  ( 1 5 0 , 0 .  7 , 0 . 4 )  

( 60 ,0 . 3 ,0 .  7 )  ( 1 50 ,0 . 7 , 0 . 2 )  

(60 ,0 . 3 ,0 . 2 )  ( 1 5 0 , 0 .  7 , 0 .  7 )  

( 6 0 ,0 . 3 ,0 . 8 )  ( 1 5 0 ,0 .  7 , 0 . 1 )  

( 60 ,0 . 3 ,0 .  7 )  ( 1 5 0 , 0 . 7 ,0 . 1 )  

( 60 ,0 . 3 ,0 . 9 )  ( 1 5 0 , 0 .  7 ,0 )  

( 6 0 ,0 . 3 ,0 . 2 )  ( 1 5 0 , 0 .  7 , 0 . 3 )  

( 6 0 , 0 . 3 , 0 . 9 )  ( 1 5 0 , 0 .  7 , 0 . 1 )  

( 6 0 , 0 . 3 ,0 . 6 )  ( 1 5 0 , 0 .  7 ,0 . 4 )  

( 6 0 ,0 . 3 ,0 . 9 )  ( 1 5 0 , 0 .  7 ,0 . 3 )  

( 60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 .  7 ,0 . 2 )  
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Ta b l e  VII.  Cont .  

P ro v i n c e  Raw �fater ia J s  E n v i ro n m e n ta l  Concerns  

Khonkaen (60 ,0 . 3 ,0 . 2 )  ( 1 5 0 , 0 .  7 , 0 .  8 )  

Udornthan i  ( 60 ,0 . 3 , 0 . 4 )  ( 1 5 0 ,0 . 7 ,0 . 3 )  

Loei  (60 ,0 . 3 ,0 . 8 ) ( 1 5 0 , 0 .  7 ,0 . 2 )  

Nongkha i  (60 ,0 . 3 ,0 .  7 )  ( 1 5 0 , 0 .  7 , 0 . 2 )  

M ah asarakam (60 ,0 . 3 , 1 )  ( 1 5 0 , 0 .  7 ,0 )  

Ro i -ed (60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 .  7 , 0 )  

Ka J a s i n  (60 ,0 . 3 , 1 )  ( 1 5 0 , 0 . 7 ,0)  

Sakonnakorn ( 60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 . 7 , 0 . 1 )  

Nak ornpanom (60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 .  7 , 0 .  l )  
M u kdaharn ( 60 ,0 . 3 , 1 )  ( 1 5 0 , 0 .  7 , 0 )  

Ch i angmai  (60 ,0 . 3 ,0 . 1 )  ( 1 5 0 , 0 . 7 ,0 . 8 )  

L a m  pun (60 ,0 . 3 ,0 . 5 )  ( 1 5 0 , 0 .  7 , 0 .  5 )  

Lam pang (60 , 0 . 3 , 0 . 4 )  ( 1 5 0 , 0 . 7 ,0 . 5 )  

U tarad i t  ( 60 ,0 . 3 ,0 . 6 )  ( 1 5 0 , 0 .  7 , 0 . 3 )  

Phrae (60 ,0 . 3 ,0 . 6 )  ( 1 5 0 ,0 . 7 ,0 . 3 )  

Nan (60 , 0 . 3 , 0 . 6 )  ( 1 5 0 , 0 .  7 , 0 . 4 )  

Payao (60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 .  7 ,0 . 4 )  

C h i angrai  ( 60 ,0 . 3 ,0 . 4 )  ( 1 5 0 , 0 .  7 , 0 .  7 )  

M aehongsorn (60 ,0 . 3 ,0 . 6 )  ( 1 5 0 , 0 .  7 ,0 . 5 )  

Nakorn sawan (60 , 0 . 3 , 0 . 4 )  ( 1 5 0 , 0 .  7 , 0 .  7 )  

Uthai thani  (60 ,0 . 3 ,0 .  7)  ( 1 5 0 , 0 . 7 ,0 . 4 )  

Kampaengpet (60 ,0 . 3 , 0 . 6 )  ( 1 5 0 , 0 .  7 ,0 . 2 )  

Tak (60 ,0 . 3 ,0 . 6 )  ( 1 5 0 ,0 . 7 ,0 . 5 )  

S uk otha i  (60 ,0 . 3 ,0 . 5 )  ( 1 5 0 , 0 .  7 , 0 . 6 )  

P i t sanu lok  ( 6 0 ,0 . 3 ,0 . 5 )  ( 1 5 0 , 0 . 7 , 0 . 4 )  

P i  ch i t  ( 60 ,0 . 3 , 0 . 4 )  ( 1 5 0 , 0 .  7 ,0 . 4 )  

Pete  h a  bun (60 ,0 . 3 ,0 .  7 )  ( 1 5 0 , 0 .  7 , 0 . 3 )  

Ratchaburi (60 ,0 . 3 ,0 . 2 )  ( 1 5 0 , 0 . 7 , 0 . 7 )  
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Tab l e  V I I .  Cont . 

P rovi n ce Raw M a te ri a l s  E n v i ro n m e n t a l  C o n c e r n s  

Kanchanaburi ( 60 , 0 . 3 ,0 . 3 )  ( 1 5 0 , 0 . 7,0 . 5 )  

Su panb uri  ( 6 0 ,0 . 3 ,0 . 3 )  ( 1 5 0 , 0 .  7 ,0 . 5 )  

Nakornpathom (60 ,0 . 3 ,0 . 1 )  ( 1 5 0 , 0 .  7 ,0 .  9 )  

S a m  utsakorn (60 ,0 . 3 ,0 . 8 )  ( 1 5 0 , 0 .  7 , 0 .  9 )  

Sam utsongkram (60 ,0 . 3 , 0 . 3 )  ( 1 5 0 , 0 .  7 ,0 .  8 )  

Petchaburi ( 60 ,0 . 3 ,0 . 3 )  ( 1 5 0 , 0 .  7 , 0 .  5 )  

Praj uabk ir ikhan (60 ,0 . 3 ,0 . 4 )  ( 1 5 0 ,0 . 7 ,0 . 5 )  

Nakornsri- (60 ,0 . 3 ,0 . 3 )  ( 1 5 0 , 0 .  7 , 0 .  7 )  

thammarat 

Krabi ( 60 ,0 . 3 ,0 .  7 )  ( 1 5 0 ,0 . 7 ,0 . 9 )  

Pang-nga ( 60 ,0 .  3 , 0 .  5 )  ( 1 5 0 , 0 . 7 ,0 . 8 )  

Phuket ( 6 0 ,0 . 3  ,0 . 3 )  ( 1 5 0 , 0 . 7 ,0 . 9 )  

Suratthani ( 6 0 ,0 . 3 , 0 . 4 )  ( 1 5 0 , 0 . 7 ,0 . 6 )  

Ranong (60 , 0 . 3 ,0 . 4 )  ( 1 5 0 , 0 .  7 ,0 . 5 )  

Chum porn (60 ,0 . 3 , 0 . 4 )  ( 1 5 0 , 0 . 7 ,0 . 7 )  

Songk la  ( 60 ,0 . 3 ,0 . 1 )  ( 1 5 0 , 0 .  7 , 0 .  7) 

Sa tun ( 60 ,0 . 3 , 0 . 6 )  ( 1 5 0 , 0 .  7 ,0 . 8 )  

Trang ( 60 , 0 . 3 , 0 . 3 )  ( 1 5 0 , 0 .  7 , 0 .  5 )  

Patta lung (60 ,0 . 3 ,0 . 4 )  ( 1 5 0 , 0 . 7 ,0 . 4 )  

Pattan i ( 60 ,0 . 3 , 0 . 6 )  ( 1 5 0 , 0 .  7 , 0 . 4 )  

Ya la  ( 6 0 ,0 . 3 ,0 . 5 )  ( 1 5 0 , 0 .  7 ,0 . 5 )  

Narat ivas  ( 6 0 ,0 . 3 ,0 . 4 )  ( 1 5 0 ,0 . 7 ,0 . 4 )  
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Table  V I I I .  H S Y  Co lor  Coord inates  for Labor and G overnm ental  
Cons iderati ons  

P rovi n ce La b o r  Govern m e n t a l  C o n s i d erat ions  

B angkok ( 2 1 0 , 0 . 9 , 0 . 5 )  ( 3 0 , 0 . 8 ,0 )  

S amutprakarn (2 1 0 , 0 . 9 ,0 . 5 )  ( 3 0 ,0 . 8 , 0 )  

Nonthaburi (2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 ,0 . 8 , 0 )  

Pathum than i (2 1 0 , 0 . 9 , 0 . 5 )  ( 3 0 ,0 . 8 , 0 )  

Pranakornsr i - ( 2 1 0 , 0 .  9 ,0 )  ( 3 0 ,0 . 8 ,0 . 3 )  

Ayuthaya 

Angthong (2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 . 2 )  

Lopburi (2 1 0 , 0 . 9 , 0 . 2 )  ( 3 0 , 0 .  8 ,0 . 4 )  

S i ngburi  (2 1 0 , 0 . 9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 . 5 )  

Chainat (2 1 0 ,0 . 9 , 0 . 4 )  ( 3 0 ,0 . 8 ,0 . 5 )  

Saraburi ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 ,0 . 8 ,0 . 2 )  

Chonb uri (2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 , 0 . 8 ,0 . 1 )  

Rayong ( 2 1 0 , 0 .  9 , 0 .  l )  ( 3 0 ,0 . 8 ,0 . 3 )  

Chantab uri (2 1 0 , 0 . 9 ,0 . 3 )  ( 3 0 , 0 .  8 , 0 . 4 )  

Trad (2 1 0 , 0 . 9 ,0 . 8 )  ( 3 0 ,0 . 8 ,0 . 6 )  

Chacherngsao (2 1 0 , 0 .  9 ,0 )  ( 30 ,0 .  8 , 0 . 3 )  

P raj i nburi ( 2 1 0 , 0 . 9 , 0 . 1 )  ( 3 0 ,0 . 8 ,0 . 5 )  

Nakornnayok (2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 , 0 .  8 ,0 . 3 )  

Srakaew (2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 , 0 .  8 , 0 .  7 )  

Nakornratcha- (2 1 0 , 0 . 9 , 0 . 4 )  ( 3 0 , 0 .  8 , 0 . 4 )  

s 1 m a  

B uri rum (2 1 0 ,0 . 9 , 0 . 4 )  ( 3 0 ,0 . 8 ,0 . 8 )  

Sur in ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 ,0 . 8 ,0 . 8 ) 

Sr i saket (2 1 0 , 0 . 9 ,0 . 8 )  ( 3 0 , 0 .  8 , 0 .  9 )  

Ubonratcha- (2 1 0 , 0 . 9 ,0 . 3 )  ( 3 0 , 0 .  8 , 0 . 4 )  

than i  

Y asothorn (2 1 0 , 0 . 9 ,0 . 8) (3 0 , 0 . 8 , 0 . 9)  
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Tab l e  V I I I .  C ont. 

P rov i n ce L a b o r  Gover n m en t a l  Cons iderat ions  

Chaiyapum ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 , 0 . 8 ,0 . 5 )  

Am nardcharoen ( 2 1 0 , 0 . 9 , 1 )  ( 3 0 , 0 .  8 , 0 .  7 )  

Nongbualumpoo ( 2 1 0 , 0 . 9 , 1 )  ( 3 0 , 0 .  8 , 0 .  8 )  

Khonkaen ( 2 1 0 , 0 . 9 , 0 . 1 )  ( 3 0 ,0 . 8 , 0 . 3 )  

Udornthani  (2 1 0 , 0 .  9 , 0 . 3 )  ( 3 0 , 0 . 8 , 0 . 5 )  

Loe i  ( 2 1 0 , 0 .  9 ,0 .  9 )  ( 3 0 , 0 .  8 , 0 .  7 )  

Nongkhai  (2 1 0 ,0 . 9 , 0 . 4 )  ( 3 0 ,0 .  8 , 0 .  8 )  

Mahasarakam ( 2 1 0 , 0 . 9 , 0 . 7 )  ( 30 ,0 . 8 , 1 )  

Roi -ed (2 1 0 , 0 . 9 ,0 . 4 )  ( 3 0 , 0 . 8 ,0 . 8 ) 

Kal asi n ( 2 1 0 , 0 . 9 , 0 . 5 )  ( 3 0 , 0 .  8 , 0 .  8 )  

Sakonnakorn ( 2 1 0 , 0 . 9 , 0 . 7 )  ( 3 0 ,0 .  8 , 0 .  7 )  

Nakornpanom ( 2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 , 0 .  8 , 0 .  9 )  

Mukdaharn (2 1 0 , 0 . 9 ,0 . 8 ) ( 3 0 , 0 .  8 ,  1 )  

C h i angmai  ( 2 1 0 , 0 . 9 ,0 . 5 )  ( 3 0 ,0 . 8 ,0 . 2 )  

Lam pun (2 1 0 ,0 . 9 , 0 . 2 )  ( 3 0 ,0 . 8 , 0 . 5 )  

Lam pan g ( 2 1 0 , 0 .  9 , 0 . 1 )  ( 3 0 , 0 .  8 , 0 .  5 )  

Utarad i t  (2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 ,0 . 8 , 0 . 5 )  

Phrae ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 30 ,0 . 8 , 0 . 5 )  

Nan ( 2 1 0 , 0 .  9 ,0 .  7 )  ( 3 0 ,0 . 8 , 0 . 6 )  

Payao ( 2 1 0 ,0 . 9 , 0 . 6 )  ( 3 0 ,0 . 8 , 0 .  7)  

Ch iangrai ( 2 1 0 , 0 . 9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 . 2 )  

Maehongsorn ( 2 1 0 , 0 . 9 , 1 )  ( 3 0 , 0 .  8 , 0 .  7 )  

Nakornsawan ( 2 1 0 , 0 .  9 ,0 . 3 )  ( 30 ,0 . 8 , 0 . 6 )  

Uthaithan i  ( 2 1 0 , 0 . 9 , 0 . 6 )  ( 3 0 ,0 . 8 , 0 . 6 )  

Kampaengpet (2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 .  7 )  

Tak ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 , 0 .  8 , 0 .  7 )  

Sukothai (2 1 0 ,0 . 9 , 0 . 6 )  ( 3 0 , 0 .  8 , 0 .  7 )  



7 1  

Tab le  V I I I .  C ont. 

P rovince  L a b o r  Governmenta l  Cons iderat ions  

P i tsanulok ( 2 1 0 , 0 . 9 ,0 . 3 )  ( 30 ,0 .  8 , 0 .  5 )  

P i  ch i t  ( 2 1 0 , 0 . 9 ,0 . 5 )  ( 30 ,0 .  8 , 0 . 4 )  

Petchabun ( 2 1 0 , 0 .  9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 . 6 )  

Ratchaburi ( 2 1 0 , 0 . 9 , 0 . 1 )  ( 3 0 ,0 . 8 ,0 . 2 )  

Kanchanaburi  ( 2 1 0 , 0 . 9 , 0 . 2 )  ( 3 0 , 0 .  8 ,0 . 3 )  

Supanburi  ( 2 1 0 , 0 .  9 , 0 . 3 )  ( 3 0 ,0 . 8 , 0 . 2 )  

Nakornpathom ( 2 1 0 , 0 . 9 , 0 . 5 )  ( 3 0 , 0 . 8 , 0 )  

Samutsakorn ( 2 1 0 , 0 . 9 ,0 . 5 )  ( 30 ,0 . 8 , 0 )  

Samutson gkram (2 1 0 , 0 . 9 ,0 . 8 )  ( 30 ,0 . 8 ,0 . 1 )  

Petchabur i  ( 2 1 0 , 0 . 9 ,0 . 4 )  ( 30 ,0 .  8 , 0 .  2 )  

Praj uabkir ikhan (2 1 0 ,0 . 9 , 0 . 2 )  ( 30 ,0 .  8 , 0 . 4 )  

Nakornsr i - ( 2 1 0 , 0 .  9 , 0 . 2 )  ( 30 , 0 . 8 , 0 . 5 )  

thammarat 

Krabi ( 2 1 0 , 0 . 9 ,0 . 4 )  ( 30 ,0 . 8 , 0 . 6 )  

Pang-nga (2 1 0 , 0 . 9 ,0 . 6 )  ( 3 0 ,0 . 8 , 0 . 5 )  

Ph uket (2 1 0 ,0 . 9 , 0 . 7 )  ( 3 0 , 0 . 8 , 0 . 3 )  

Suratthani ( 2 1 0 , 0 . 9 , 0 . 2 )  ( 3 0 , 0 . 8 , 0 . 4 )  

Ranong ( 2 1 0 ,0 . 9 , 0 . 8 )  ( 30 ,0 .  8 , 0 . 4 )  

Chum porn ( 2 1 0 , 0 . 9 , 0 . 4 )  ( 3 0 ,0 . 8 , 0 . 3 )  

Songkla  ( 2 1 0 , 0 . 9 , 0 . 1 )  ( 3 0 ,0 . 8 , 0 . 2 )  

S a  tun  ( 2 1 0 , 0 . 9 , 0 . 7 ) ( 3 0 , 0 .  8 , 0 . 4 ) 

Trang ( 2 1 0 , 0 . 9 ,0 . 2 )  ( 3 0 , 0 .  8 , 0 . 4 )  

Pattal ung ( 2 1 0 , 0 . 9 ,0 . 8 )  ( 3 0 ,0 . 8 , 0 . 6 )  

Pattani ( 2 1 0 , 0 .  9 , 0 . 3 )  ( 30 ,0 . 8 , 0 . 6 )  

Yala  ( 2 1 0, 0 . 9 ,0 . 3 )  ( 30 ,0 . 8 ,0 . 5 )  

Narat ivas (2 1 0 , 0 . 9 , 0 . 6 )  ( 30 ,0 . 8 , 0 . 7 )  
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An overal l score fo r each candi date s i te  m ay be  determ i ne d  as a 

sca lar sum of  a l l  factor ' s weighted scores .  The  outcome  o f  the  

summat ion for the  overa l l  score fo r  each candi date s i t e  i s  i l l u strated 

as Table I X :  

Table I X .  A n  Overa l l  Score for E a c h  Locat i on  

P ro v i n c e  

Bangkok 

Samutprakarn 

Nonthaburi  

Pathumthani 

Pranakornsr i ­

Ay uthaya 

Angthong 

Lopburi  

S ingburi 

Chai nat 

Saraburi 

Chonburi 

Rayong 

Chantaburi 

Trad 

Chacherngsao 

Praj inburi  

Nakornnayok 

Srakaew 

Nakornratcha­

s 1 m a  

Buri rum 

Overa l l  S c o re 

1 .  1 

1 . 0 1  

1 . 2 2  

1 .  1 1  

0 . 4 8  

0 . 79 

0 .  7 1  

0 . 8 7 

0 . 8 1 

0 . 66 

0 . 93 

0 . 7 8  

0 . 84 

1 .  1 1  

0 . 4 6  

0 . 82  

0 . 9 1 

0 . 9 7  

0 . 9 8  

0 .94  
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Tab l e  I X .  C ont. 

P rovi nce  Overa l l  Score  

Surin 0 . 9 3  

Sr i saket 1 . 1 8  

Ubonratcha- 0 . 75 

thani  

Yasothorn 1 . 1 8  

Chaiyapum 0 . 82 

Am nardc haroe n  1 . 2 3  

Nongbualumpoo 1 . 2 6  

Khonkae n 0 . 9 6  

Udornth an i  0 . 5 9  

Loe i  I .  1 5  

Nongkhai 0 . 9 3  

Mahasarakam 1 . 1 9  

Roi -ed 0 . 93 

Kal as in 0 . 9 9  

Sakonnakorn 1 . 0 I 
Nakornpanom 1 . 0 8  

M ukdaharn 1 . 24  

Ch iangmai  1 . 06  

Lam pun 0 . 6 4  

Lam pang 0 . 8 6 

Utaradi t 0 . 9 1  

Phrae 0 . 8 3  

Nan 1 . 0 3  

Payao 1 . 0 2  

C h iangra i 0 . 9 5  

Maehongsorn 1 . 25  
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Tab l e  I X .  Cont .  

P rov ince  Overa l l  Score 

Nakornsawan 0 . 8 2 

Uthaith an i  0 . 9 7  

Kampaengpet 0 . 8 7  

Tak 0 . 9 6  

S ukothai  1 . 0 4  

P i t sanul o k  0 . 79 

P i ch i t  0 . 76 

Petchabu n  0 . 8 5 

Ratchaburi  0 . 70 

Kanchanaburi 0 . 80 

Supanburi 0 . 8 1  

Na kornpathom 1 .  1 1  

Samutsakorn 1 .  0 1  

Samutso ngkram 1 .  1 1  

Petchaburi  0 . 8 5 

Praj uabkir ikhan 0 . 6 7  

Nakornsr i - 0 . 9 3  

th ammarat 

Krabi 1 . 04 

Pang-nga 1 . 03  

Phuket 1 . 2 1  

S uratthani 0 . 87 

Ranong 1 . 0 7  

C h u m  porn 0 . 94  

S on gk l a  0 . 7 7 

S a  t un 1 . 07  

Trang 0 . 7 8 



P rov ince  

Patta lung 

Pattani 

Ya l a  

N arat ivas  

Tab l e  IX .  Cont .  

O v e ra l l  Sco r e  

1 . 1 3  

0 . 8 6 

0 . 8 5 

1 . 0 I 

7 5  

Total scores  for a l l  l ocati ons  wi l l  subsequent ly  be sca led  i nto 

the values ,  rangi ng from 0 as the  best  l ocat i on  to  1 as  the  worst ,  by 

sett ing both H and S equal to zero .  The most  su i tab l e  s i te  can then be 

v i sual i zed in the  H S V  co lor  model  with the best l ocat ion i n  b lack  at 

the apex of the h excone and the worst s i te in wh i te  at top of the  

vert ical  axi s .  Tabl e X .  e xpresses  the  res u l t :  

Tab le  X .  HSV Color  C oordi nates  for A l l  Prov inces  B ased on Tota l  
Scores 

P rov ince 

Chacherngsao 

Pranakornsri  ayuthaya 

Udornthani 

Lam pun 

H SV C o o rd i n ates  

(0 ,0 ,0 )  

(0 ,0 ,0 . 0 3 )  

(0 ,0 ,0 . 1 6 ) 

(0 ,0 ,0 . 2 3 )  
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Tab l e  X .  Cont .  

P rov i n ce Tot a l  Sco res 

Saraburi (0 ,0 , 0 . 2 5 )  

Praj uab k i  r ikhan (0 , 0 , 0 . 26 )  

Ratchab uri (0 ,0 ,0 . 3 0 )  

Lopburi  (0 ,0 ,0 . 3 1 )  

Ubonratchathani  (0 ,0 , 0 . 3 6 )  

P i e  h i t  (0 ,0 ,0 . 3 7 )  

Songk la  (0 ,0 ,0 . 3 9 )  

Rayong (0 ,0 ,0 . 40) 

Tran g (0 ,0 ,0 .40 ) 
An gtho n g  (0 ,0 ,0 .4 1 ) 

P i t sanulok (0 ,0 ,0 . 4 1 )  

Kanchanaburi  (0 ,0 ,0 . 4 2 )  

Chainat  (0 ,0 ,0 .44 )  

Supanburi (0 ,0 ,0 . 4 4 )  

Chaiyapum (0 ,0 ,0 . 4 5 )  

Nakornsawan (0 ,0 ,0 . 4 5 )  

P rachi nburi  (0 ,0 ,0 . 4 5 )  

P hrae (0 ,0 , 0 . 4 6 )  

Chantaburi  (0 ,0 ,0 . 4  7)  
Petchab u n  (0 ,0 ,0 . 4 8 )  
P etchaburi  (0 ,0 ,0 . 4 8 ) 
Ya l a  (0 ,0 ,0 . 4 8 ) 

Lam pang (0 ,0 ,0 . 5 0) 
P attani  (0 ,0 ,0 . 5 0 )  
Kampaengpet (0 ,0 ,0 . 5 1 )  
S in gburi (0 ,0 ,0 . 5 1 )  
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Table X .  Cont .  

P rov i n c e  Tota l Scores 

Surattani  (0 ,0 , 0 . 5 1 )  

Nakonn ayok (0 , 0 , 0 . 5 6 )  

Utarad i t  ( 0 , 0 , 0 . 5 6 )  

Chonburi  (0 ,0 , 0 . 5 9 )  

Nakorn sr i tham marat (0 ,0 , 0 . 59)  

No ngkha i  (0 ,0 ,0 . 5 9 )  

Ro i -ed (0 ,0 ,0 . 59)  

Sur in  (0 ,0, 0 . 5 9 )  

Buri rum (0 ,0 ,0 . 60 )  

Chum porn (0 ,0 ,0 . 60 )  

Chiangrai (0 ,0 ,0 . 6 1 )  

Khonkaen ( 0 ,0 , 0 . 6 3 )  

Tak (0 ,0 , 0 . 6 3 )  

Srakaew ( 0 , 0 , 0 . 6 4 )  

Uthaithani  (0 ,0 , 0 . 64 )  

N akornratchas ima (0 ,0 ,0 . 6 5 )  

Kalas in  (0 ,0 , 0 . 6 6 )  

Samutsakorn ( 0 , 0 , 0 . 6 6 )  

Narat ivas  ( 0 , 0 , 0 . 6 9 )  

Sakonnakorn (0 ,0 , 0 . 69 ) 

Samutprakarn ( 0 , 0 , 0 . 6 9 )  

Payao (0 , 0 , 0 .  70) 

Nan (0 ,0 ,0 .  7 1 )  

Phang-nga (0 ,0 ,0 .  7 1 )  

Krabi (0 ,0 ,0 .  7 3 )  

Sukothai (0,0,0 . 73)  
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Tab l e  X. Cont . 

P ro v i n ce Tota l  Sco res 

Ch iangmai (0 ,0 , 0 .  7 3 )  

Ranong ( 0 , 0 , 0 .  76 )  

Sa  tun (0 , 0 , 0 .  76)  

Nakornpanom (0 ,0 ,0 . 7 8 )  

Bangkok (0 , 0 , 0 . 80)  

Nakornpathom (0 ,0 ,0 .  8 1 )  

Pathumthani  (0 ,0 ,0 .  8 1 )  

Sam utsongkram ( 0, 0, 0 .  8 1 )  

Trad (0 ,0 , 0 . 8 1 )  

Pattalung (0 ,0 ,0 .  8 4 )  

Loe i  ( 0 , 0 , 0 .  86 )  

Sr i saket (0 ,0 , 0 . 9 0 )  

Ya sothorn (0 ,0 , 0 . 9 0 )  

Mahasarakam (0 ,0 , 0 . 9 1 )  

Phuket ( 0 , 0 , 0 .  9 4 )  

Nonthaburi ( 0 ,0 ,0 . 9 5 ) 

Am nardcharoe n  ( 0 , 0 , 0 .  9 6 )  

M ukdaharn (0 ,0 , 0 . 9 8 )  

Maehongsorn ( 0 , 0 , 0 . 9 9 )  

Nongbualampoo (0 ,0 , 1 )  
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E .  A DIALOG GENERATION AND MANAGEMENT S Y S TEM 
( DG M S) 

The  de s ign of  a n  appropri ate D S S  user i nterface cou ld  be  a n  

i m portant  determ i nant  of  success  of  the  D S S  i m pl ementati o n .  Thi s 

des ign i s  i n fl uenced,  accord i ng to  Harri son et al . ,  ( 1 9 89) ,  b y  the  

fo l l owi ng user  character i st i c s :  

- D S S  e xecut i o n  t i m e ;  

- l earn i ng t i m e  of  t h e  D S S ;  

-ease  o f  rec al  I ;  

- the system ' s  versat i l i ty ;  

-e rrors made by end users ;  

-q ual i ty  of h e l p  prov ided  by the  D S S ;  

-adaptab i l i ty to changes i n  t h e  users ' computer competency;  

-c oncentrat i o n  l eve l  req u i red by end users ;  

-fat i gue from us i n g  the  system ; 

-un iform i ty ( standards) of  the  command s ;  and 

-the fun the user der ives  wh i l e  us ing  the system.  

L i st of  capab i l i t ies  provided by a DGMS 1 s  append be low 

(Turban ,  1 99 5 ) :  

-captures ,  stores, and analyzes dialog usage, wh ich  can b e  used 

for i mproving the dialog system, 



80 

- i nteracts i n  several  d iffe rent d ia log  styl es ,  

-presents data with a var iety of formats and o utput devices ,  

-accommodates the users  with a vari ety of i nput  dev i ces ,  

-g ives  u sers "he lp"  capab i l i t i e s ,  prompt ing, d iagnosti c  and 

suggesti o n  rout ines ,  or  any other fl ex ib le  support, 

-provides user i nte rface with database and mode l base,  

-creates  data structures to de scribe outputs,  

-stores i n put and o utput data,  

-provides color graph ic s ,  three-di mens ional  graph ics ,  and data 

plot t ing, 

-has win dows to a l l ow mu l t i p l e  funct ions  to  be  d i sp layed 

conc urrent ly ,  

-can support communicat ion  among and bet\veen users and 

bu i lders of D S S ,  

-provides train i n g  b y  examples  (gu id ing  users through t h e  i nput 

and model i ng process ) ,  and  

-prov ides  fl exi b i l i ty and adaptiveness so the D S S  wi l l  b e  abl e 

to accommodate d ifferent prob lems  and techno log ies .  

A DGMS handle s  the  communicat ion between the G I S D S S  and 

the user .  An effect ive  i nteracti o n  between the DGMS component  

wit h i n  the system environment  and the users  ensure s  v al i d i ty o f  the  

GISDSS for faci l ity locat ion .  
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The G I S ' s  program m i n g  l an guage,  Avenue,  i s  employed to  

customize the  GIS  par t  of  the system . I t  i s  used  as the  too l  for the  G I S  

t o  com m un i cate wi th  t h e  user  i nterface .  

The  user  i nterface i nstructs  and  provides  informati o n  to users  

as they proceed through a consul tat i on  sess ion .  Al l  of the  user  

interface funct ions  are  accom p l i shed by Vi sual Bas ic  program s .  The  

funct ions  handled  by V i sual  Bas i c  programs are  as fo l l ows :  

-so l i c i t i ng  user  i nputs ,  

-gen erat i n g  graph ica l  d i sp lay,  

-retri ev ing  l ocat ion  inform at ion from the G I S ,  

-proces s ing  data,  such as com put ing  overal l  score fo r each 

l ocati on from data retri eved fro m  l ocat ion databases  and users ,  

-sending the overa l l  score of the  recommended provinces  to  the  

G I S  for graph ica l  d i sp lay ing ,  and 

-prepar ing  expl anat i o n  reports .  

Users '  requi rements ,  e . g . wei ghts of l ocat i o n  factors ,  and 

locat ion  prefe rences  serve as i nputs  t o  the system.  Recommendat i o n  

o utputs furni sh users w i t h  the  mos t  su i tab l e  fac i l i t y  locat ions .  The  

system al so makes  transparent i t s  recommendat ions  v i a  exp l an at i o n  

reports. 
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F i gure 7 demon strates a se l ect ion  from a consul tat ion ses s ion .  

Addi t iona l  port ions  of  the  syste m '  consu l tat ion  ses s ion  a re  presented 

in  Appendi x F .  

' ' 

WELCOME TO 
GISDSS FOR FACILITY LOCATION 

• • ••• ' ' • - • � "" ,_,, 4 • ·- . .. .  

Please specify degrees of importance for the following factors 
on your location decision, ranging from 1 as unimportant 

to 0 as the most important. 

MARKET 
TRASPORT A TION 
UTILITIES 
RAW MATERIAL 
INVESTMENT PROMOTION ZONE 
AVAILABILITY OF INDUSTRIAL PARK 
LAND COST 
ENVIRONMENTAL CONCERNS 
GOVERNMENTAL CONSIDERATIONS 
LABOR 

Click OK when the specification is complete. � 

F igure 7 .  A S elec t ion  from a Consul tat ion Sess ion  
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The user can spec ify the degrees of  importance for the  l i sted 

fac tors,  rangi n g  fro m  1 as u n i m portant to 0 as the most i m portant .  

H owever,  as  we ment ioned  e ar J i e r  about the  ranking  of  l ocat ion 

factors,  we gave the  factors ' wei ght  to a l l  factors as fo l lows : 0 for 

Market ,  0 . 1 for Tran sportat ion ,  0 . 2  for Ut i l i t i e s ,  0 . 3  for Raw 

Materi a l s ,  0 . 4  for I nvestment  Promotion Zones ,  0 . 5  for Ava i l ab i l i ty of 

I n dustr ia l  Parks ,  0 . 6  for Land Cos t ,  0. 7 for Envi ronmental  Concerns ,  

0 . 8  for Governmental  Cons iderati ons ,  and 0 . 9  for Labor .  

When users compl ete a l l  the  spec ifi cat ions  and c l i c k  OK 

button, the p rogram w i l l  compute the  overa l l  score for each l ocati on 

by the  scalar  sum descr ibed ear l i er .  Scores  fo r  each candidate  s i te  

based on any l ocat ion  factors are  stored i n  the  G I S  and have never 

been changed.  However, the  factors ' weights  can be changed 

according to  the  user  i nputs .  The program wil l  subsequent ly scale the  

tota l  scores for al l locat i ons  i nto the  va l ues  rang ing  from 0 as t h e  best  

to 1 as  the  worst,  and send the  va lue  of a l l  l ocat i ons  to the  GI  S for 

graph ica l ly  d i splay and to the  user  interface i n  term s of best rank ing  

l ocat ions .  

The  exp lanat ion  on  why  any  provrnce i s  recommended a s  the  

best l ocati o n  i s  a l so  furn i shed .  I f  a locat ion ge t s  0 to  0 . 3  o n  the  score 

based o n  any l oc at i o n  factors,  those factors wi l l  becom e i t s  

advantages .  On the  other  hand,  i f  the  l ocat i o n  gets  0 . 3 1 - 1  on t h e  score 
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based on any l ocat i on factors ,  those  factors wi11  bec o m e  i t s  

d i sadvan tages .  The  reason tha t  we  set  0 . 3 1 - 1 as  the  di sadvantages 

because some prov inces  do not  have  any more score than 0 . 6  wh ich  

there wi l l  be no d i sadvantages for those  provinces  at a l l .  

B y  sett i n g  t h e  va lue  o f  H a n d  S equals  to  zero, t h e  co lor shown 

i n  the G I S  wi l l  be varyi n g  fro m  b lack  to wh i te .  In  order to avo i d  the 

confus ion  o n  where those  recomm ended prov inces  are ,  the  G I S  

pro gram i s  s e t  t o  graph i ca l l y  d i sp l ay on ly  5 best  provinces .  A s  t h e  

total  scores for a l l  fi ve  provi nces  are rel at i ve ly  c lose  to o n e  another ,  

the  col o r  inten sity of th ose  prov inces  are a lmost  ind ifferent .  
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GISDSS FOR FACILITY LOCATION 
- ... � � ... . �- -- - ----- �- � -

� - - -·-� - � - -- ----- - -� - . - - - -

RECOMME1'1DED PROVINCES 

CHACHER..t'\'GSAO 

PRANAKORi�SRIAYUTHAYA 

UDOR..t�THA1' I 

LAMPlJN 

SARA.BURI 

lcoNTINUE I 

GISDSS FOR FACILITY LOCATION 
-- -- ·-----------···-· -- -- . . . . - · · · · · · ------- -------- . 

----- - - - - -- -- - - .,__ "" . -- - - . - - -- . 

CHACHERNGSAO 

Advantages: 
Low Cost of Land 
High Labor Force 
Availability of Industrial Parks 

Disadvantages 

Low Utilities 
Not so Good Transportation 

To see graphical d isplay click CONTINUE. 

F i gure 7 .  Cont.  

f coNTINUE I 
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Figure 7. Cont.  
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V. C ONCLUSI ON 

A. RESEARCH SUMM A R Y  

T h i s  research h a s  ful fi l l ed t h e  obj e ct ive  of deve lop ing  a 

geograph ic  i nform at i o n  sys tem-based  dec i s i on support system,  

incorporati n g  a g eograph ic  i nformat ion  system ( G I S ), a chromat ic  

repre sentat ion  l ocat ion  model , and i nteract ive graphica l  user  i nt e rface 

concepts to reach a ccurate and t ime ly l ocat ion deci s ions .  

A l i terature survey was  conducted to invest i gate l ocat ion 

research that  has been done to date . An ana lys i s  of  thi s survey showed 

that there was a sma11  set  of  l ocat ion factors that had im portant  affect 

o n  mak in g l ocati o n  dec i s i o n s .  These factors thus  were ut i l i zed in the 

system dev e l o p e d .  T h e  s y s t e m  was d e v e l o p e d  fo r u s e  t n  

manufacturi n g  industri e s .  The  probl e m  of be ing  unable t o  i dent ify 

n umerical  l ocati o n  i nform at ion  on nonquant i fiab le  factors can  be 

so l ved by explo i t i n g  the i nformat ion that can be used to represent 

those factors .  For  i n stance ,  avai l ab i l ity of raw materi a l s  can be 

measured by the number of m anufacturing companies estab l i shed .  

The  prototype sys tem employed a chromat ic  representat i o n  

l ocat i on  model  as  i t s  l ocat i on  m o d e l .  T h e  m o d e l  i s  a novel  one  which 

has never been used by any l ocat ion analysts in  so lv ing for l ocat i on 
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deci s i ons .  A G I S  wh i c h  was sel ected as a database management 

system, and a n  in teract ive  graphi ca l  user in terface were adopted to  

he lp  faci l it i e s  ana lysts  J es se n  the t ime  and effort i n  obta in ing  l oc at ion 

dec i s ion  sol ut ion .  

W i th the  effect ive  i ntegrat ion  of  past l ocati o n  studies  as wel l  a s  

research o n  advanced concepts ,  a geographi c  informat ion system­

based dec i s i o n  support system for fac i l ity l ocat ion  was devel oped to  

support fac i l i t i e s  analysts  i n  arri v ing at h igh  qua l i ty deci s i ons  o n  

l ocat ing m anufacturi n g  fac i l i t i e s  i n  Tha i l and.  

B .  A C H I EVEMEN T S  

The maj or contri b ut ions  of th i s  research are as fo l l o\vs :  

1 .  Ranking of Locat i on Factors .  

The rank ing  on key l ocat ion factors that have i mportant 

i nfl uence o n  l ocat i n g  fac i l i ty in Thai land has  been i dent ified .  They 

are market,  transportat ion ,  uti l i t ies ,  raw mater ia l s ,  i nvestment  

promot ion zones ,  ava i l a b i l i ty  of  i ndustr i a l  parks ,  land cost ,  

environmental  concerns ,  governmental  cons iderati ons ,  and l abor .  

So lv ing the  locat ion  prob l e m s  by focus ing  on these  key factors ,  

i n stead of putt i ng  l arge effort o n  m any factors that have l i tt l e  
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i n fluence on l ocat i ng  fac i l i ty ,  would he lp  reduce t ime  consu m i n g  on 

arri v ing  at the  su i tab l e  l ocati ons .  

2 .  A Chromat i c  R epresentat ion  Locat ion Mode l .  

T h e  adopti o n  of  t h e  chromat i c  representat ion  l oc at ion  mode l  t o  

formul ate the l ocati o n  model  i s  accom pl i shed .  The m odel  c a n  not  

on ly  show the recomm ended l ocat ions  in  numerical  format but  a l so  be  

able  to  di splay those l ocat ions  i n  graphica l  format by empl oy i n g  the 

G I S  mapping capab i l i ty .  

3 .  Devel opm ent  o f  a G l S D S S  for Fac i l i ty Locat ion 

To fac i l i tate syste m ' s  database management system,  model  base 

management system,  and dialog generat ion  managem ent system , the 

advanced too l s ;  a G I S , a chrom atic representat ion l ocat ion  mode l ,  and 

a Vi sual  Bas ic  programming  l anguage are in te grated i n  deve lop ing  a 

GI S D S S .  The integrated system has been operated successfu l l y  

accordi ng to  both deve lopers '  a n d  users '  requirements .  

C .  FUTURE RESEARCH 

The G I S D S S  fo r  fac i l i ty l ocati on  has  been  deve loped and  

eval uated for mak ing  dec i s i o n  a t  the provin_ce leve l .  Dec i s ion- m ak i n g  

at the l ower l eve l s  i n  the  h ierarchy c a n  be further exp l ored.  

Employing the  analyti c h ierarchy process (AHP) ( Saaty , 1 9 80 )  for 
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pri or i ty sett ing  o f  the l ocat i on  factors ' wei ght can a l s o  be 

i nvest i gated.  Thi s wi l l  fac i l i tate the prob lem of having d i ffi c ul ty  in 

g iv ing  the weight  to  the factors  because,  accordi ng to the A H P ,  each 

factor  can be ident ifi ed  and eval uated with respect to other related 

factors .  
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L-Ocation Factors 

Utilities 

• Water 

• Electricity 

• Fuel 

Raw :Materials 

Transportation 

Land Cost 

92 

Sources 

Ministry of Interior 
-Dept. of Local Administration 
-The Metropolitan Waterworks 
Authority 

-The Provinc ial Waterworks 
Authority 

-The Office of Accelerated 
Rural Development 
Ministry of Agriculture and 
Cooperatives 
-Royal Irrigation Dept. 

Ministry of Interior 
-The Metropolitan Electricity 
Authority 

-The Provincial Electricity 
Authority 

Ministry of Interior 

Ministry of Commerce 
-Dept. of Commercial 

Registration 
-Dept. of Internal Trade 
-Industrial Directories 

Ministry of Transport and 
Communication 
-The Dept. of Land Transport 
-Dept. of Aviation 
-The Dept. of Highways 
-The Port Authority of Thailand 
-The State Railway of Thailand 
-Post Office 

Ministry of Interior 
-Dept. of Land 



Market 

Environmental Concerns 

Labor 

Governmental Considerations 

Investment Promotion Zones 

Industrial Park 

Ministry of Commerce 
-Dept. of Internal Trade 
Bank of Thailand 
Ministry of Interior 
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-Dept. of Local Administration 

Ministry of Interior 
Ministry of Agriculture and 
Cooperatives 
-Royal Irrigation Dept. 
Ministry of Public Health 

Ministry of Labour and Social 
Welfare 

Ministry of Interior 
Ministry of Commerce 

Board of Investment 

Industrial Estate Authority of 
Thailand 
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�tilitics 

• Water 
- Availability and trend in water production 
- Trend in water consumption 
- Characteristic 

Purity 
Acidity 

- Water sources 

• Electricity 

Municipal water systems 
sources of supply 
capacity 
average use 
costs 

Ground water 
cost of wells 
pumping cost 
regulations 

Surface water 
cost 
regulations 

- Availability including suppliers 
- Demand rate 
- Capacity to meet demand 
- Cost 

• Fuel 
- Availabil ity 
- Cost 
- Proximity to suppliers 
- Demand rate 

Raw Materials 
• Proximity to raw material sources 
• Price 
• Competition for materials 
• Delivery 

Transportation 
• Truck transportation 

- Availability 
- Access to highways 
- Cost 
- Frequency of service 

• Rail transportation 
- Availability 
- Cost 
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- Frequency of service 
- Proximity to railroad 

• Water transportation 
- Availabil ity 
- Rates 
- Frequency of service 
- Proximity to port 

• Air transportation 
- Availability 
- Proximity to airport 
- Frequency of service 

• Mail and parcel service 
- Availability 

• Others 
- Taxi 
- Car rental 
- Bus 

Availabil ity 

Site Consideration 
• Land Costs 
• Natural resources 
• Flood 
• Size 

Markets 
• Income Trends 

- Per capita income 
- Total family income 
- Disposable income 

• Magnitude 
- Average family size 
- Total population in area 

• Competition 

Environment 
• Air Pollution 

- Noise 
- Smoke 
- Traffic 
- Noxious gases 
- Odor 
- Local regulatory bodies 

• Weather 
- Maximum temperature 
- Average temperature 
- Rain condition 
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• Waste Disposal 
- Regulatory bodies 
- Cost 
- Availability 

• Sewage Disposal Systems 
- Availability 
- Cost 

• Garbage Disposal 
- Availability 
- Cost of service 

• General Services 
- Fire protection 
- Police 
- Security 
- Janitorial 
- Property maintenance 
- Entertainment facilities 
- Food vending 

Labor 
• Availability 
• Costs 

- Wage rates 
- Fringe benefits 

• Labor Law 
• Union Activity 
• Unemployment Rate 

Governmental Concerns 

ABAC �, 
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• Special Regulations Related to Industries 
• Taxes and Financial Inducements 
• Government Administration in Area 

Investment Promotion Zone 
• Availability 
• Zoning 

Industrial Estate 
• Availability 
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M a r ket Facto r 

Bangkok  
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S amutsakorn 
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Chonb uri  
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Ph uket 

S ongk la  
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Khonkaen 

N akornsri thammarat 

Ubonratchathani  

Ch iangrai 

Suratthani  

Nakorasawan 

Samutsongkram 

Saraburi 

Pranakornsr iayut h aya 

C hacherngsao 

K anchanaburi  

Ratchaburi  

Udornthani 

L an pan g 

Praj uabkir ikhan 

P i tsanu lok  

Lopburi  

B uri  rum 

L a n d  Cost Factor  

Mukdaharn 

Yasothorn 

Mahasarakam 

Kalas  in 

Buri rum 

Nakornpanom 

Amnardcharoen 

Roi -ed 

Sri saket 

Surin 

Loei 

Nongkhai 

Nongbualumpoo 

Sakonnakorn 

Chaiyapum 

Udornth ani 

Petc hab un 

Kampaengpet 

Srakaew 

Lam pun 

S ingburi 

Chacherngsao 

Sukothai 

Lopburi  

Angthong 

Phang-nga 

Uthaithani 

Utaradi t 

K rabi 

Chain at 
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AP P EN D I X  D 

A L I S T  OF ACT IVITIES E L IG I B L E  FOR BOI PRO M OT I ON 



Act iv i t ies E l i g i b l e  fo r BOI  I n vest m ent  P ro m ot i o n  

1 .  Agri cu lture Products and  Commodit ies  

-Large-scal e cu l t ivat ion .  

-Process ing  o f  agri c ul ture product s .  

-Proces s ing  or  preservat ion  of  food .  

-Animal  feed .  

-O i l  product ion  from agri cul tural products .  

-Corn produc t s . 

-St ick  lac products .  

-Rubber prod ucts . 

-Livestock ra i s ing  or meat  proc ess ing .  

-An imal  products ,  

-Cul t i vat ion o f  mul berry trees  and s i l k  worm farm ing .  

-S i l k  thread mak ing .  

-Deep-sea  and off-shore fi sh ing .  

- S laughteri n g  and di sembowe l ing  ch ickens  for export .  

1 1 3 

-Manufacturi n g  product s  m ade fro m  bamboo,  rattan or  corypha 

palm leaf  for export .  

-Product ion  and m ul t ip l i cati o n  of  vegetabl e  seeds .  

-Rabb i t  rai s i n g  and process ing  for export .  

-P ig  s l aughter and process ing .  

-Cattl e s l aughter and process ing .  

-Product ion of m i l k  powder .  



-Ful l -cyc le  product ion  of  soybean and o i l  extrac t ion .  

2 .  Minera l s ,  Meta l s ,  and  Ceram i c s  

-Mi neral  o r e  explorat ion .  

-Min ing  or dress i n g  of o res .  

-Refi n i n g. 

-Metal  proces s ing .  

-Manufacturi n g  ceram i c  product s .  

3 .  Chemi cal s a n d  Chemi ca l  Products 

-Chem i cal and products .  

- S oda ash .  

-Carbon b lack .  

-Petrochemica l s .  

-Pharm aceut ica l  produc t s .  

-Fe  r t  i I i  s e r .  

-Pa in t s  or  s i m i l ar products .  

-Paper. 

-Carbon  paste products .  

-Pu lp  paper products .  

-Acetyl ene b l ack produc t s .  

-Petrol e u m  products .  

- Sal t  products i ndustry. 

-Wood pul p, ray o n  fiber, wood pul p for rayon fiber. 
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4 .  Mechani cal and E l e ctri cal E q u i pment 

-Engine pro d uct ion  or assembly .  

-Mechan ica l  equ ipment product i on o r  assembly .  

- E l ectri ca l  product ion  o r  assembly .  
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-Mach inery o r  e l e c t ri c a l  equ ipment  part  product i o n  o r  

assemb ly .  

- Vehi c l e  component  or part product ion .  

-El ectro n i c s  goods  product ion or assembl y .  

- O i l  dri l l i ng  p lat form product ion .  

5 .  Other Products 

-Product ion ,  assembly of c l ocks ,  watches  or component  parts .  

- Prod uct ion ,  assembly of cam eras.  

-Manufacture of stat i onery,  educat i onal  e q u i pm ent or  par t s .  

-Manufa c t u r e ,  a s s e m b l y  of  s p o r t s  e q u i p m e n t ,  m u s i c a l  

i nstruments  or  toys .  

-Manufacture  o f  medi ca l  suppl i e s  o r  med ica l ,  s c i en t i fi c  

equipm ent .  

-Pl asti c  or  p l ast ic -coate d  products .  

-Manufacture of dre ss  ornaments or  cutt i ng  and pol i sh i n g  of 

gem stones .  

-Umbre l l a  m anufacture.  

-Rubber tree products .  

-Product ion  of  l enses ,  spectac l e s  or part s .  
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-Product ion  of  fi re hydrants  or components .  

-Bu i ld ing, repairi ng  l arge sh ips for mar i t ime transportat i o n .  

-Bui ld i ng ,  repa i r in g sma l l sh ips for m ari t ime  t ransportat ion .  

-Product ion  o f  arms  and ammuni t ion . 

-Natura l ,  synthet ic  fiber  product m anufacture.  

-Tyre c o rds .  

-Fabri c pr inti ng. 

-Product i on ,  assembly of measuring & test ing  equ ipment or 

parts .  

-Hand tool  product ion .  

-Prefabr icated  housing  o r  part s .  

-Z i p  m a nufacture . 

-Glove manufacture .  

-Manu facture o f  abras ive  sheets .  

-Match m anufacture for export .  

-Art ifi c i a l  fl o wers and t rees  for export .  

-Ce l l ophane manufacture .  

-Scale i c e . 

-Ferro-cement  s h i p  bu i ld ing . 

- Manufacture of  socks .  

- Carpet manufacture . 

-Manufacture of packag ing  m ateri a l s .  

-Grindin g  whee l s .  

-Adhes ive  tape  products .  
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- Rubber sol e s  product ion ( sheet  and patterned) .  

- C l oth wal l - coveri n g. 

-Embroidered c l oth products .  

-Manufacture of  synthet i c  fi ber .  

-Non-dai ry creamer produc t s .  

- S ports shoes .  
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-Manufacture of aqueo us  e l ectro lyt ic  ce ll cases  or part s for 

export .  

- S oft ge lat i n  c apsu le  products .  

-Jewe l ry b o x e s  a n d  di splay cases .  

- S heet g l ass product ion for co nstruct ion .  

-Product ion o f  co ated a lumin ium sheet for pr int ing .  

-Product ion o f  razor  b lades and hand les .  

- S h i pyard. 

- Dyei n g  of yarns or fabr ic .  

- Sh i pb reaki n g  i ndustry. 

-Product ion pri mar i ly  for export .  

-Product ion  of  ready-made garments for export .  

- B u i l d i n g  of  fiberglass re info rced plast i c  boats .  

-Product ion  of steamed r ice  us ing modern technology.  

- Canned seafood product i o n  for export.  

-Yarn s p i nni n g  industry .  

-Weavi n g  or  k n i tt i n g  i ndustry. 

- G l ass  fiber or gl ass  fiber  products .  
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-Foamed g lass  or  foamed g lass  product s .  

6 .  Serv i ce  

-I ndustri a l  estates .  

-Hote l s .  

-Water transportat i on .  

-Car  park ing .  

-Vehi c l e ,  mach inery or eng ine repa i r  serv ice .  

-Warehous i n g .  

-Hospi ta l s .  

-Co ld  storage . 

-Loadi n g, un loadi n g  fac i l i t ies  for sea transport .  

-Movie  fi l m  process ing .  

-Touri st pro m ot ion  serv i ces .  

-X-ray computer serv ice  center .  

- I nternat iona l  trad ing .  

-Crop dy i n g  and s i l o  fac i l i t i e s .  

- Modern r i ce  m i l l .  

-C onta i n er repair ,  ma intenance and refurn i shment .  

-Modern packag ing  of  vegetab l e s ,  frui t s ,  fres h  plants  and 

fl o wers for export .  

-Natural gas  transport .  

- Convention  h al l .  

-Grading fa c i l i ty for agr icultural products .  
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-Ferryboat serv i ces .  

- D i s infe cti o n  serv i ces  for products main ly  for export .  

-Hi gh-powered s h i p  serv i ces .  

-Agr icul tural  export zone .  

-Petroche m ica l  i ndustry serv i ce  fac i l i ty .  

- Internat ional  trade  exh ib i t ion  center .  

- Mass trans i t  system .  

-Concess ion  expre s sway s .  

-Conta i n er yard .  

-Product ion or  sa le  o f  wate r  for i ndustr ia l  u se .  

-Research & deve l opment .  

-Commerc i al a i rport . 

- A i r  tran sport .  

-Communicati on serv i ce  v ia  sate1 l i t e .  

-F l atted facto ry .  

A H  l i s t i ngs are  s ubj e c t  to changes a t  the d i scre t ion  o f  the 

Office  of the Board o f  Investment,  Offi ce  o f  the Pri m e  Min i ster .  For 

deta i l s  of  act iv i t i e s  e l i gi b l e  for prom oti on ,  p lease  consu l t  the 

Informat ion and Promot ion  Serv ices  D iv i s ion  o f  the Board of 

I nvestm ent .  
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A P P E N D I X  E 

LOCATI ON DAT A BASES F OR A LL PROVI NCES 
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Province GPP Per Capita Family Income per Expense per 

in Mil. Baht Income(Babt) Size Family(BHT) Income Ratio 

Bangkok 1 ,652,599.50 238,849 3 . 1  21 ,550 82.8 

Samutprakam 1 74 ,6 1 5 .20 1 89, 1 82 3.3 1 7, 145 72.4 

Nontaburi 73,569.40 1 05,099 3.5 36,888 63.3 

Patumthani 1 1 9,21 9.30 236,078 4 1 5 ,539 77.8 

Pranakomsriayutha 60 , 6 1 9.20 83,6 1 3  6.3 1 1 ,376 89.6 

ya 
Angthong 1 1 ,  1 1 8 .50 4 1 ,  1 80 3.3 1 1 ,4 1 4  70.6 

Lopburi 30, 1 34 . 1 0  40,232 3.7 9,33 1 73 .4 

Singburi 9 ,662.00 40,597 3.4 9,525 1 03.5 

Chainat 14 ,309.90 38,780 3.4 9 ,574 94.4 

Saraburi 6 1 ,057.20 1 1 5,420 3 .6 1 0 ,582 8 1 .9 

Chonburi 1 93,790 . 1 0  206,599 3 .5  12 ,223 90.9 

Rayong 83,657 . 1 0  1 68,324 3.4 1 3 .254 87 

Chantaburi 23,068.00 54,023 3.8 1 2 ,4 1 0  79.2 

Trad 14 ,320.90 75, 772 3.5 1 1 ,696 92.3 

Chacherngsao 50,870.50 85,2 1 0  3 . 9  1 1 .820 1 04 .5 

Prajinburi 23 ,028.40 49,206 3.8 8, 1 1 7 75.3 

Nakornnayok 8,8 1 1 .00 36,259 3.6 9,526 96.9 

Srakaew 1 2 , 375.80 3 1 , 1 73 3 .4 7 , 1 89 93.6 

Nakomratchasima 95, 1 1 0.30 37,623 3.9 8,803 84. 1 

Buri rum 30,340.80 20,983 4 . 1  6.446 1 00 . 1  

Surin 24 ,553.80 1 9 ,004 4 . 1  6,5 1 7  1 06.8 

Srisaket 24 ,842.20 1 8 , 1 99 4 . 1  7 , 1 49 99.2 

Ubonratchathani 38,407.20 23,4 1 9  4 .2 6,950 82 .7 

Yasothom 1 0 ,727.80 1 9 , 1 23 3 .8 6,58 1 9 1 .  1 

Chaiyapum 25,980.60 24,487 3.9 7 ,  1 66 68.4 

Amnardcharoen 7 ,983.70 23 ,008 4 . 1  7,027 92.2 

Nongbualumpoo 8,732.80 1 8 ,700 4 .2 7 , 1 47 9 1 . 1 

Khonkaen 60,20 1 .20 34 ,879 3.8 9.438 78.9 

Udomthani 37,894.90 26,762 4 7,766 96.6 
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Loei 1 4 ,890.40 26. 1 69 4 6,875 96. 1 

Nongkhai 20,089.40 23,579 4.2 8,733 93.6 

Mahasarakham 1 8 ,401 .70 1 9,702 3.8 5, 171  98.6 

Roi-ed 24 ,235 . 1 0  20 ,247 3.7 6.746 99.2 

Kalasin 1 8 ,925.60 2 1 ,  1 22 4 6,079 1 09.4 

Sakonnakorn 2 1 ,29 1 . 1 0  2 1 ,206 4 7,746 79.3 

Nakornpanom 1 3 ,  1 33.20 1 9,779 4 6 , 1 96 89.3 

Mukdaham 7,056.30 25. 1 1 2 4.4 7,455 92.6 

Chiangmai 7 1 ,394.70 49,6 1 4  3.2 9,806 92.2 

Lam pun 23,6 1 3 .80 54.9 1 6  3 .3 8 ,735 8 1 .8 

Lam pang 3 1 ,275.60 40,723 3.5 8,208 81 . 7 

Utaradit 1 5 ,022.70 32,729 3.5 8, 1 8 1  80 

Phrae 1 2 ,  1 7 1 .70 24,007 3.4 8,26 1 65 .6 

Nan 1 1 .489.50 26,232 3.9 6,91 3 96.4 

Payao 1 2 ,869.50 25,79 1  3 .3  6, 1 29 96.4 

Chiangrai 31 ,51 6.20 28,52 1 3.5 7,955 91 .8 

Maehongsom 4 , 763.20 28,0 1 9  4 .3 6 , 1 87 81 .5 

Nakornsawan 38, 1 66. 1 0  34,887 3.3 8,55 1 1 05.1  

Uthaithani 1 0,785.80 35, 1 33 3.5 8,203 79.9 

Kampaengpet 24 ,251 .20 35 ,875 3 .6 8 , 1 42 89 . 1  

Tak 12 ,726.30 36,052 3.5 7,604 9 1  

Sukothai 1 6 ,635.30 28,29 1 3 .4 8, 320 66 

Pitsanulok 27,485.80 34,530 3 .3 7,587 72.8 

Pi chit 1 5 ,459.20 26,792 3 .4 1 0,324 76.7 

Petchabun 24,768.90 27,070 3.7 8,204 63.7 

Ratchaburi 44 ,469.20 57,454 3.7 1 2,621 88.9 

Kanchanaburi 39.58 1 .50 58,726 3.9 10,230 94 .9 

Supanburi 22,799.40 40 ,530 3.7 7,428 89.4 

Nakornpathom 62,70 1 .30 81 ,962 3 .8 1 4,737 83.4 

Samutsakom 82.743.30 2 1 2,708 3.3 1 5,997 73. 1 

Samutsongkram 8,084.80 40,223 3.5 1 0,925 83.7 

Petchaburi 22.799.40 53,899 3.6 1 0,590 74 .7 
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Prajuabkirikhan 27,856.30 64,482 3.6 7,923 1 1 2.5 

Nakornsrithamrnar 52,744.90 33,6 1 7  4 . 1  9,681 96.4 

at 
Krabi 1 8,036.50 57,809 3.9 8,758 1 00 

Phang-nga 1 4 ,772.70 62,596 3.4 8,696 8 1 .8 

Phuket 27,063.40 1 43 ,949 3.3 1 5,437 90.7 

Suratthani 45,295.00 53,859 3 .9 1 2 .771 79 .5 

Ranong 1 1 ,204 . 1 0  84,882 3.7 9,359 98.9 

Chum porn 20,765.60 49,324 3.4 9,874 89 .6 

Songkla 72, 1 23.20 58,305 3.5 1 1 ,089 8 1 .5 

Sa tun 1 1 ,279.80 46,999 4 .6 8 ,977 89.3 

Trang 23,873.40 40 ,327 4 . 1  1 1 ,733 84 .9 

Pattalung 1 4 ,69 1 .50 29,740 3.8 8 ,474 96.2 

Pattani 26,895.40 46, 1 33 4 .6 6 ,876 92.5 

Yala 1 8 ,630.20 48,0 1 6  3.8 7,  1 1 4 94 

Narativas 1 9 ,200.30 30,9 1 8  4 .2 6 .7 1 5  1 04 . 5  
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Province Population Labor Force Area Min. Daily 

(square Wage Rates 

km) 

Bangkok 5,604, 772 1 ,  1 33,237 1 ,565.07 1 62 

Samutprakarn 956,266 524,872 1 ,004.09 1 62 

Nontaburi 800, 74 1  65,73 1 622.3 1 62 

Patumthani 592 ,328 234,734 1 ,525.86 1 62 

Pranakomsriayutha 72 1 ,496 1 1 4 ,879 2 ,556.64 1 30 

ya 
Angthong 289,397 6,2 1 2  968.37 1 30 

Lopburi 756,484 26,032 6 , 1 99.75 1 30 

Singburi 225,080 6,65 1 822.48 1 30 

Chainat 352,534 5,836 2 ,469.75 1 30 

Saraburi 596,533 69,364 3. 576.49 1 40 

Chonburi 1 ,028,625 1 44 ,23 1 4 ,363 1 4 0  

Rayong 504,63 1 52,26 1 3.552 1 30 

Chantaburi 484, 1 70 9,248 6,338 1 30 

Trad 220,000 1 ,982 2,8 1 9  1 30 

Chachemgsao 627, 1 1 9 96,095 5,35 1 1 30 

Prajinburi 436,956 29,564 4 ,762.36 1 30 

Nakomnayok 24 1 ,939 4 ,0 1 9  2, 1 22 1 30 

Srakaew 52 1 ,432 4,471  7,  1 95 . 1 4  1 30 

Nakomratchasima 2 , 5 1 0 ,839 76,7 1 0  20,493.96 1 40 

Burirum 1 ,494 ,836 6 ,884 1 0,322.88 1 30 

Surin 1 ,367,685 5,886 8 , 1 24 .06 1 30 

Srisaket 1 ,422,527 2 ,680 8 ,839.98 1 30 

Ubonratchathani 1 ,7 3 1 , 1 05 1 2,025 1 5,744.85 1 30 

Yasothom 549,466 1 ,953 4 , 1 6 1 .66 1 30 

Chaiyapum 1 , 1 1 5,5 1 9  6,777 1 2 , 778.29 1 30 

Amnardcharoen 360,340 1 ,986 3, 1 6 1 .25 1 30 

Nongbualumpoo 486, 1 53 585 3,859.09 1 30 

Khonkaen 1 ,726,594 34,2 1 1 1 0,885.99 1 30 
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Udomthani 1 ,491 ,560 1 3,63 1 1 1 ,730.30 1 30 

Loei 630,876 1 ,29 1 1 1 ,424 .6 1 1 30 

Nongkhai 888,702 6,268 7,332.28 1 30 

Mahasarakham 927,753 2,699 5,29 1 .68 1 30 

Roi-ed 1 ,3 1 0 ,095 5,899 8,299.45 1 30 

Kalas in 974,460 5,439 6,946.75 1 30 

Sakonnakom 1 ,077,208 3,925 9,605.76 1 30 

Nakompanom 703,935 4,548 5 , 5 1 2 .67 1 30 

Mukdaham 326 , 1 88 2 ,406 4 ,339.83 1 30 

Chiangmai 1 , 573,757 34,958 20, 1 07.06 1 40 

Lam pun 408,804 26,657 4 ,505.88 1 30 

Lam pang 807,362 28,396 1 2,533.96 1 30 

Utaradit 481 ,563 3 ,998 7 ,838.59 1 30 

Phrae 494,637 6,6 1 2  6,538.60 1 30 

Nan 484, 1 1 6 3 ,582 1 1 ,472.07 1 30 

Payao 5 1 7.622 4 ,205 6,335.06 1 30 

Chianb:rrai 1 ,26 1 , 1 38 8,08 1 1 1 ,678.37 1 30 

Maehongsom 229,284 3 1 8  1 2 ,68 1 .26 1 30 

Nakomsawan 1 , 1 3 1 ,900 1 3,674 9,597.68 1 30 

Uthaithani 328,978 4,803 6, 730.25 1 30 

Kampaenmxt 766,048 7,000 8,607.49 1 30 

Tak 4 7 1 ,596 8,308 1 6 ,406.65 1 30 

Sukothai 627,090 4 ,287 6,596.09 1 30 

Pitsanulok 865,408 9,677 1 0,81 5.85 1 30 

Pi chit 601 , 1 1 7 5 ,678 4 ,53 1 .0 1  1 30 

Petchabun 1 ,040,9 1 7  5 ,980 1 2 ,668.42 1 30 

Ratchaburi 8 1 3 ,293 39,800 5,  1 96.46 1 30 

Kanchanaburi 766,352 1 8,966 1 9 ,483. 1 5  1 30 

Supanburi 853,3 1 3  9,786 5 ,358.0 1 1 30 

Nakompathom 753,599 1 23, 1 20 2 , 1 68.33 1 62 

Samutsakom 407, 146 226,644 872.35 1 62 
Samutsongkram 207,707 5 ,681 4 16.71 1 30 
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Petchaburi 453 ,39 1 8,097 6 ,225 . 1 4  1 30 

Prajuabkirikhan 468,880 27,972 6,367.62 1 30 

Nakomsrithammar 1 ,5 1 1 ,857 23,04 1 9,942.50 1 30 

at 
Krabi 344 , 6 1 0  6, 1 34 4,708.5 1 1 30 

Phang-nga 229,704 4 ,857 4 , 1 70.89 140 

Phuket 22 1 ,835 7,543 543.03 1 62 

Suratthani 86 1 ,233 28,052 1 2 ,89 1 .47 1 30 

Ranong 1 5 1 ,868 5,308 3 ,298 .05 140 

Chumpom 448,087 7 , 1 5 1  6 ,009 1 30 

Songkla 1 ,  1 9 1 ,233 57,680 7,393 .89 1 30 

Satun 253 , 1 77 3 ,388 2 ,478.98 1 30 

Trang 576,060 18 ,078 4,91 7.52 1 30 

Pattalung 498,805 2 ,333 3,424.47 1 30 

Pattani 590,735 8,9 1 8  1 ,940.36 1 30 

Yala 4 1 8,790 8 .360 4 ,52 1 .08 1 30 

Narativas 646 ,87 1 5 , 1 1 2 4,475.43 1 30 

Province Bus Truck Taxi Total Port Airport 

Bangkok 24 ,647 98 ,234 6 1 , 350 1 8423 1 yes yes 

Samutprakam 2 ,7 1 7  25,088 1 ,606 294 1 1  

Nontaburi 1 ,0 1 8  1 6,632 2,574 20224 

Patumthani 1 ,000 1 6,954 6 1 7960 

Pranakornsriayutha 1 ,  1 1 5 1 3,263 1 ,834 1 62 1 2  

ya 
Angthong 693 5249 1 05 6047 
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Lopburi 1 354 1 8 1 60 1 69 1 9683 

Singburi 395 5000 2 1  54 1 6  

Chainat 303 8028 7 1  8402 

Saraburi 9 1 2  244 1 4  23 25349 

Chonburi 1 946 4 1 630 1 649 45225 yes yes 

Rayong 1 063 1 9607 2 1  2069 1 yes 

Chantaburi 1 428 88 1 8  438 1 0684 

Trad 633 3606 245 4484 

Chacherngsao 1 032 14598 2066 1 7696 

Prajinburi 473 7343 892 8708 

Nakornnayok 3 1 5  473 1 0 5046 

Srakaew 402 6350 483 7235 

Nakornratchasima 292 1 43582 1 656 481 59 yes 

Buri rum 1 0 1 7  1 2703 827 1 4547 

Surin 1 1 1 1  1 4908 460 1 6479 

Srisaket 1 065 1 2447 6 1  1 3573 

Ubonratchathani 2233 1 9034 1 293 22560 yes 

Yasothorn 5 1 7  7556 297 8370 

Chaiyapum 963 1 4409 1 758 1 7 1 30 

Amnardcharoen 25 387 1 233 4 1 29 

Nongbua1umpoo 444 3635 9 1  4 1 70 

Khonkaen 2326 25342 1 885 29553 yes 

Udomthani 2059 22607 1 8 1 7  26483 yes 

Loei 599 8 1 76 1 66 1  1 0436 yes 

Nongkhai 404 78 1 7  930 9 1 5 1  

Mahasarakham 459 8554 1 055 1 0068 

Roi-ed 1 558 1 2484 2574 1 66 1 6  

Kalas in 592 1 0727 1 68 1  1 3000 

Sakonnakom 1 30 1  7826 1 53 1  1 0658 yes 

Nakompanom 465 4053 1 945 6463 

Mukdaharn 4 3  3033 858 3934 

Chiangmai 989 20055 1 1 84 22228 yes 

Lam pun 469 5279 1 9  5767 



ABAC 1 28 

GRADUAT� �r.HOOL LIBRARY 
.-..- . .  ---- -- ·  

Lam pang 632 96 1 5  1 2  1 0259 yes 

Utaradit 394 5252 1 63 5809 yes 

Phrae 479 9530 44 1 0053 yes 

Nan 1 86 5529 6 572 1 yes 

Payao 1 39 4830 6 4975 

Chiangrai 1 1 98 1 1 90 1 237 1 3336 yes 

Maehongsom 32 70 1 1 6  749 yes 

Nakomsawan 1 6 1 9  1 9 1 93 252 2 1 064 yes 

Uthaithani 299 5234 44 5577 

Kampaengpet 4 1 5  1 5378 37 1 5830 

Tak 394 38 1 1  1 64 4 369 yes 
Sukothai 869 9344 3 1  1 0244 

Pitsanulok 967 1 0205 294 1 1 466 yes 
Pi chit 504 780 1 436 874 1 

Petchabun 535 8858 1 282 1 0675 

Ratchaburi 1 007 25 1 77 2 1 4  26398 

Kanchanaburi 1 374 249 1 4  22 263 1 0  

Supanburi 835 29986 537 3 1 358 

Nakompathom 1 0 1 7  50030 1 00 5 1 147 

Samutsakom 939 1 2033 280 1 3252 

Samutsongkram 345 5 1 42 2 1 6  5703 

Petchaburi 739 1 2683 9 1  1 35 1 3  

Praj uabkirikhan 223 1 3003 3 1 3229 yes 
Nakomsrithammar 824 1 3 1 22 275 1 4221 yes 
at 
Krabi 220 4348 33 4601 

Phang-nga 506 2863 0 3369 

Phuket 1 586 5835 540 796 1 yes yes 
Suratthani 759 1 1 551  53 1 2363 yes 
Ranong 470 347 1  0 394 1 yes 
Chum porn 400 5771 27 6 1 98 

Songkla 46 1 3  2 1 938 1 78 26729 yes yes 
Sa tun 373 2 1 99 24 2596 

Trang 727 5657 940 7324 yes 



Pattalung 

Pattani 

Yala 

Narativas 

569 

4 76 

372 

377 

4335 

4279 

4840 

3490 

Rail Transportation Costs by Distance 

(Baht per ton) 

km Class 3 Class 4 

50 35. 1 30.6 

1 00 70.2 61 . 1  

1 50 1 05.3 9 1 .7 

200 1 40 .4 1 22.2 

300 200.2 1 74 .4 

500 3 1 3  272.2 

700 4 1 9  365 .2 

1 ,000 578 505.2 

Specimen product lists: 

1 4  

1 39 

1 97 

1 57 

491 8  

4894 

5409 

4024 

Class 3: Electrical appliances, automobiles, tin, Jogs, timber, and 
tiles. 

1 29 

yes 

yes 

Class 4: Fresh fish, rice, maize, rubber, jute, kenaf, cement, l ignite, fl uorspar, manganese, !,.,ypsum 

fertilizer, fresh fruits, paddy, bran, marl , sand, gravel,  vegetables, coconuts,steel . 

Province No.of Electricity \Vater Monthly Fuel Telephone 

Users Sales(kwh) Supply Expenses 

(cu.m.) per Household 

(BHT) 

Bangkok 1 ,487,893 2 1 ,525,223,831 1 ,491 , 1 25,250.00 1 ,003.29 Yes 

Sam utprakarn 1 82,388 7,91 8, 147,378 50,4 1 6,359 66 1 .67 Yes 
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Nontaburi 209,5 1 7  1 ,682,882,262 7 ,458,39 1 1 ,587 .8 1 Yes 
Patumthani 1 56,89 1 3.777,285,708 23,252,065 867.87 Yes 
Pranakomsriayutha 1 33 ,285 1 ,926,686,749 6 ,46 1 ,593 456.37 Yes 
ya 
Angthong 58,359 22 1 , 1 90,353 3,264,873 598.7 Yes 
Lopburi 1 40,3 1 4  569,9 1 4 ,9 1 4  1 7,522,472 492.66 Yes 
Singburi 48,565 225,769,966 2,304 ,224 775.99 Yes 
Chainat 66,962 1 1 7,460,6 1 2  1 ,927,320 529.47 Yes 
Saraburi 1 1 4 , 3 1 0  4,542,633,732 6,740,622 706.34 Yes 
Chonburi 231 ,093 2,948, 1 2 1 ,537 59 ,362,6 1 3  9 1 5 .25 Yes 
Rayong 1 20,994 2,490, 1 57,307 1 3,032,2 1 3  962.87 Yes 
Chantaburi 1 08,220 4 1 9,8 1 7 ,280 1 1 , 1 44 , 1 1 3  866.29 Yes 
Trad 44 ,800 1 69,229,400 5,856,8 1 2  801 Yes 
Chachemgsao 1 08,22 1 1 .3 1 6 ,902,790 1 3 ,590,442 663 .62 Yes 
Prajinburi 1 1 8,077 399,776, 1 58 4 ,976,901 466.6 Yes 
Nakomnayok 42,446 1 34 ,374 ,330 3 ,567,476 52 1 .6 Yes 
Srakaew 36,953 72,796,832 3 ,379,376 402.69 Yes 
Nakomratchasima 

: 
432,907 1 ,467,326 ,205 1 2 ,826,6 1 2  454.54 Yes 

Buri rum 226. 1 58 273 ,242,9 1 8  6 ,497,7 1 9  439.66 Yes 
Surin 202,928 24 1 ,657 ,236 7,265,82 1 349.52 Yes 
Srisaket 2 1 9,348 1 97 ,373,83 1 4 ,054,789 384.63 Yes 
Ubonratchathani 257,284 368,269, 1 77 1 2,703,644 379.5 Yes 
Yasothom 94,598 97,050,330 3,085,470 4 1 4 .86 Yes 
Chaiyapum 1 93,607 240, 1 96,542 9 ,853 ,986 356.88 Yes 
Amnardcharoen 58,379 54,0 1 1 ,244 1 ,233 ,50 1 393.43 Yes 
Nongbualumpoo 78, 1 49 7 1 ,735,544 1 ,059,75 1 379.48 Yes 
Khonkaen 302,563 762,959,2 1 1  37,899,599 462.27 Yes 
Udomthani 249,80 1 455,948,498 1 9,639,884 426.24 Yes 
Loei 1 1 3,2 1 6  1 1 6,791 ,6 1 4  4,647,608 628.79 Yes 
Nongk.hai 144 ,236 1 75,955,053 5,093,499 592 Yes 
Mahasarak.ham 1 67,237 1 67,0 1 5 ,847 3,694 ,683 363.66 Yes 
Roi-ed 229,565 249,595,765 4,972 , 1 05 4 1 5 .89 Yes 
Kalas in 1 64 , 1 8 1  228.347,622 4 ,33 1 ,922 4 1 9.65 Yes 
Sakonnakom 1 75,798 1 85,668,489 6,092,072 4 1 8.57 Yes 
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Nakompanom 1 1 2, 1 32 1 1 9 , 1 88,490 5,3 1 4 , 1 9 1  292.71 Yes 

Mukdaham 5 1 ,581  70 ,876,858 1 ,672,465 393.3 Yes 

Chiangmai 358, 1 1 4 1 ,072,529,8 1 1  23,709,324 530.51 Yes 

Lam pun 1 05, 1 99 355,062 , 1 1 3  2,2 1 9 ,760 573.24 Yes 

Lam pang 1 83 ,600 329,073, 1 70 9,38 1 ,03 1 496.69 Yes 

Utaradit 94,600 1 80,456,469 239,404 507.3 Yes 

Phrae 1 1 4 , 1 7 1  1 48,597,088 4 ,798,89 1 504.03 Yes 

Nan 92,563 95 ,37 1 ,890 2,81 5,394 355.68 Yes 

Payao 1 1 4 ,944 1 2 1 ,397 ,225 4 ,625,729 450.57 Yes 

Chiangrai 254,298 353,55 1 ,531 9,855,240 398.68 Yes 

Maehongsom 24,595 38,466,900 2,027,875 3 1 8 .83 Yes 

Nakornsawan 200 , 1 38 466,672,765 4, 1 1 4 ,300 525.84 Yes 

Uthaithani 59 ,3 1 6  90,540,390 1 ,  1 1 7 ,52 1 435 .89 Yes 

Kampaen!,rpet 1 1 9,553 2 1 5,437,393 4 ,  1 79,826 600.7 1 Yes 

Tak 7 1 ,042 1 64 ,283 ,355 7 ,8 1 3,7 1 1 437.55 Yes 

Sukothai 1 1 3,998 1 82, 1 29,080 6,784,834 578 . 1 4  Yes 

Pitsanu1ok 1 55 , 1 70 382,2 1 6 ,665 2,8 1 8 , 1 08 448.43 Yes 

Pi chit 1 06,698 1 72,886,233 5,995,923 559.27 Yes 

Petchabun 1 64 ,553 242,63 1 ,363 5,964,794 481 .06 Yes 

Ratchaburi 1 4 1 ,546 95 1 ,67 1 ,234 7,90 1 ,460 691 .57 Yes 

Kanchanaburi 1 28 ,384 584,365,898 6 ,5 1 0 ,702 7 1 8 .08 Yes 

Supanburi 1 66,689 4 1 4 ,584 ,326 1 0,507,4 1 6  643.24 Yes 

Nakompathom 1 60,583 1 ,867,884, 1 8 1  7,576,54 5  959.24 Yes 

Samutsakom 1 1 5,349 3,345,8 1 4 ,725 5,078,358 629.97 Yes 

Samutsongkram 32,751 1 1 5,664 ,644 3 ,529,356 6 1 7.33 Yes 

Petchaburi 84,083 270,969,238 7, 1 49,606 6 1 5.35 Yes 

Prajuabkirikhan 84,483 456,948,276 6,005,966 782.87 Yes 

Nakornsrithammar 24 1 ,442 609, 1 99,947 7,022,486 5 1 1 .04 Yes 

at 
Krabi 4 5 , 1 4 9  1 32,494,942 4 ,440,205 6 1 4 .07 Yes 

Phang-nga 4 1 ,007 1 66,892,4 1 1 1 ,628,367 459.82 Yes 

Phuket 56 ,83 1 595,2 1 1 ,359 9,704,060 852.58 Yes 

Suratthani 1 48,304 602,444,858 1 2 ,94 1 ,486 601 .0 1  Yes 

Ranong 23,383 1 47,865,356 2,995,395 668.49 Yes 



Chum porn 67,4 1 4  2 1 3 ,496,27 4 

Songkla 224,282 1 ,266,306,887 

Sa tun 39,872 1 2 1 ,005, 1 20 

Trang 88,707 303 ,804 ,36 1 

Pattalung 92,035 1 26, 1 20,66 1 

Pattani 94,645 242,580,797 

Yala 67,902 1 95,897,9 1 7  

Narativas 96,672 1 7 1 ,69 1 ,342 

\Vater Rates (Baht per cubic meter) 

Min. charge 1 00  Baht 

8,589 ,02 1 

23,232 , 1 82 

2,676,640 

6,605,408 

2,854,908 

375,356 

2,350,732 

5 ,058,808 

\Vater Used 

(cubic meters) 

Price (Increase 0.5 B/mth until rate) 

0- 1 0  6.5 1 0  

1 1 -20 9.5 1 3  

2 1 -30 1 2.5 1 6  

3 1 -50 1 5 .5 1 9  

5 1 -80 1 7.5 2 1  

8 1 - 1 00 1 7.75 2 1 .25 

1 0 1 -300 1 8  2 1 .5 

30 1 - 1 ,000 1 8 .25 2 1 .75 

1 ,00 1 -2,000 1 8  2 1 .5 

2,00 1 -3,000 1 7.75 2 1 .25 

3,00 1 -up 1 7.5 2 1  
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543.74 Yes 

526.36 Yes 
721 .55 Yes 
544.99 Yes 
544.38 Yes 
405.69 Yes 
524.95 Yes 
436.05 Yes 



Electricity Rates for Regional Areas 

Type of Activity 

Demand 
Charge 

Ba ht/kW 

Energy 
Charge 

Ba ht/kW 
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Service 
Charge 

Ba ht 

1 .  Small business 

with billing demand First 35  kWh 

min. charge: 87.85 Bht/mth 

89. 89 

less than 30 kW Next 1 1 5  kWh 

Next 250 kWh 

Above 400 
kWh 

2. Medium business with billing 
demand 
between 30 kW-2,000 kW and average use 

of electricity for last 3 months not 

exceeding 355,000 kWh/mth 

(a) Normal Rate: >69 Kvolt 

average use 22-33 Kvolt 

of electricity for last <22 Kvolt 

3 months not 

exceeding 250,000 

k'Nh/mt 
h 
(b) Time of Use >1 1 5 Kvolt 
Rate: 
average use of >69 K volt 

electricity for l ast 3 22-33 K volt 

months exceeding <22 K volt 

250,000 kWh/mth 

3. Large business 

with billing demand > 2,000 kW or average 

1 75.7 

1 96.26 

22 1 . 5 

1 02 .8  

1 58. 88 

200.93 

2 14.95 

1 . 1 2 

2. 1 3  

2.42 

1 .02 

1 .06 

1 .09 

1 . 53,0.67,0.6 1  

1 .63,0.68,0.62* 

I. 77,0.69,0.62* 

l.89,0.73,0.66* 

use of electricity for last 3 months exceeding 355,000 kWh/mth 

(a) Time of Day >69 Kvolt 224.3,29.9 1 ,0** 1 .02 
Rate: 

22-33 Kvolt 285.05,58.88,0* 1.06 

<22 Kvolt 
* 

332. 7 1 ,68.22,0* 
* 

1 . 09 

400 

400 

850 

850 



(b) Time of Use 
Rate: 
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same as 2 (b) same as 2 (b) same as 2 (b) same as 2 (b) 

*Depending on Time of Use Rate, which is divided into three intervals: Mon-Sat 9 .00 to 
22.00 
(on peak); Mon-Sat 22.00 to 9.00 (off peak) and Sunday (24 hrs) 00.00 to 24.00 (off 
peak), 
respectively. 

**Depending on Time of Day Rate, which is divided into three intervals: 1 8.30 to 2 1 .30 

(on Peak); 8.00 to 1 8.30 (partial peak) and 2 1 .30 to 8.00 (off peak), respectively. 

Source: Provincial Electricity 
Authority. 

Pro\•ince No.of Average Land Zone Average 

Parks Price (BHT) Temperature 

Bangkok 3 67,072 28.8 

Samutprakam 2 2 1 .306 n.a. 

Nontaburi 0 24, 1 08 n.a .  

Patumthani 0 2 1 ,342 n.a .  

Pranakomsriayutha 4 4 ,553 2 n .a. 

ya 
Angthong 0 3 ,873 2 n.a.  

Lopburi 0 3,825 3 27.9 

Singburi 0 3,602 3 n.a. 

Chainat 0 4 ,247 3 n .a .  

Saraburi 2 4 ,469 2 n.a.  

Chonburi 4 30,220 2,3 27.8 

Rayong 6 1 6, 1 1 7 3 28 

Chantaburi 0 1 0, 1 02 3 27.2 

Trad 0 6,0 1 3  3 27.3 

Chachemgsao 2 3 ,630 2 n.a. 

Prajinburi 0 4 ,740 3 27.9 
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Nakomnayok 0 7,928 2 n .a .  

Srakaew 0 3 ,345 3 27.5 

Nakomratchasima 0 2 1 ,809 3 26.9 

Burirum 0 2 ,389 3 n.a.  

Surin 0 2 ,793 3 26.5 

Srisaket 0 2 ,740 3 n .a. 

Ubonratchathani 0 6,688 3 26.8 

Yasothom 0 2,243 3 n .a. 

Chaiyapum 0 3,006 3 26.6 

Amnardcharoen 0 2 ,5 1 0  3 n .a .  

Nongbualumpoo 0 2,908 3 n.a.  

Khonkaen 0 24.694 3 26.5 

Udomthani 3 .009 3 26.2 

Loei 0 2,8 1 7  3 25. 1  

Nongkhai 0 2,875 3 25.8 

Mahasarakham 0 2 ,273 3 n .a .  

Roi-ed 0 2,637 3 26.4 

Kalasin 0 2,377 3 n.a.  

Sakonnakom 0 2 ,963 3 25.8 

Nakompanom 0 2,496 3 25.7 

Mukdaham 0 2,059 3 26 

Chiangmai 0 30,934 3 25.2 

Lam pun 3,493 3 26.2 

Lam pang 0 1 1 ,4 38 3 26 

Utaradit 0 4 , 1 42 3 27. 1 

Phrae 0 5 , 1 55 3 25.9 

Nan 0 5 . 1 0 1  3 25.5 

Payao 0 4 ,608 3 24.9 

Chiangrai 0 2 1 ,  1 04 3 24.3 

Maehongsom 0 4 ,330 3 25.5 

Nakomsawan 6, 1 1 7 3 27.7 

Uthaithani 0 4 ,031 3 n.a. 

Kampaengpet 0 3 ,286 3 27 
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Tak 0 5,275 3 25.4 

Sukothai 0 3 ,667 3 n.a.  

Pitsanulok 0 4 ,8 1 3  3 27 .5 

Pi chit 1 0 .402 3 n.a .  

Petchabun 0 3 , 1 02 3 26 .5 

Ratchaburi 9,540 2 n.a.  

Kanchanaburi 0 9 ,98 1 2 27.2 

Supanburi 0 1 0,69 1 2 27.9 

Nakompathom 0 22.290 n.a. 

Samutsakom 1 3,208 n.a .  

Sam utsongkram 0 6,355 2 n.a.  

Petchaburi 0 1 4 ,274 3 27.6 

Prajuabkirikhan 9,057 3 27.3 

Nakomsrithammar 0 1 5,634 3 n.a.  

at 
Krabi 0 4 ,2 1 8  3 n.a .  

Phang-nga 0 3 .890 3 27 

Phuket 0 30,381 3 27.8 

Suranhani 0 1 5 ,277 3 26.9 

Ranong 0 1 0 .748 3 27. 1  

Chum porn 0 1 0,930 3 26.8 

Songkla 25,26 1 3 27. ,  

Satun 0 4 ,564 3 27.3 

Trang 0 8 , 1 74 3 27 

Pattalung 0 1 1 ,09 1 3 n.a.  

Pattani 0 4 ,95 1 3 26.9 

Yala 0 6,333 3 n.a. 

Narativas 0 5,858 3 26.9 
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APPENDIX F 

AN ADDITIONAL PORTION OF A SYSTEM ' S  CONSULTATION 

SESSION 
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The reco m m endat ion  o utput provided by  the system after  

rece iv ing  the factors '  weight fro m  user as fo l l ows : 0 for Market ;  0 . 1 

for Land Cost ; 0 . 2  for Tran sportat i on ;  0 . 3  for Uti l i t i e s  and Raw 

Materi al ; 0 . 4  for Labor ;  0 . 5  for Industr ial  P arks  and I nvestment  

Promot i on Z o n e ;  and  0 . 6  fo r E n v i r o n m e n t a l  C o n c e r n s  and  

Governmental  Cons i derat i ons .  

GISDSS FOR FACILITY LOCATION � . . . , ·- -

RECO:\IM:ENDED PROVINCES 

PRANAKORNSRIA YUTHA YA 

CHACHER'1GSAO 

UDORNTHAXI 

PRAJUABKIRIKHAN 

PI CHIT 

fcoNTINUE f 



GISDSS FOR FACILITY LOCATION 

Advantages: 

- - -� . " -

PRANAKORNSRl�YUTHAYA 

High Labor Forces 
Many Industrial Parks 
High Purchasing Power 

Disadvantages 
Low Utilities 
Not so Good Transportation 

To see graphical display click COXTL"\'l7E. 

1 3 9  

f coNTINUE I 



ABAC 1 40 

GRADUATE SCHOOL LIBRARY 



1 4 1  

The recomm endat ion  output prov ided b y  the system after 

rece iv ing  the factors ' wei ght from user as fo l l ows :  0 . 2  for Market and 

Raw Materi al ; 0 . 1 for Land Cost  and Uti l it i e s ;  0 . 5  for Transportat ion ;  

0 fo r Investment P romot ion  Zone ;  and 1 for Labor,  Industri a l  Parks,  

Env i ronm ental Concern s  and G overnmental Cons iderat ions .  

GISDSS FOR FACILITY LOCATION � - - -

RECOMMENDED PROVINCES 

PRANAKORNSRIAYUTHAYA 

CRA.CHERNGSAO 

UDORNTHANI 

PRAJUABKIRIKHAN 

SARABURI 

fcoNTINUE f 



GISDSS FOR FACILITY LOCATION 

P�"'\AKOR.t"'\SRIA YUTHA YA 

Advantages: 
High Labor Forces 
Many Industrial Parks 
High Purchasing Power 

Disadvantages 
Low Utilities 
Not so Good Transportation 

To see graphical display click CONTl:'\TE. 
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