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" PREFACE

Inresponse to arequest from the Government of the ngdom of Thailand, the Government -

of Japan decided to conduct the Feasibility Study on the Inter- -city Toll Motorway Pro;ects and
entrusted the study to the Japan Internatronal Cooperatron Agency (JICAY.

- JICA sent to the Thalland a study team headed by Mr. Masahrko Tohl and Mr. Kunihiko
' Sawano of Katahira & Engineers International, and composed of members from Katahira &
Engineers International, Nippon Koei Co., Ltd. and Kokusar Kogyo Co Ltd. twice between s
August 1993 and March 1995,

The team held drscussrons with the officials concerned of the Government of the Krngdom
_of Thalland and conducted field surveys at the study areas. After the Team returned to Japan
further studies were made and the present report was prepared

I hope that this report will contribute to the promotion of the prorects and to the enhance-'
ment of friendly relatrons between the two oountrres

| wish to express my sincere appreciation to the officials concerned of the Government of
the Krngdom of Thailand for their ciose cooperation extended to the team.

March, 1995

/@w_rﬁz/%:/
Kimio. Fujita
President _
Japan International Cooperation Agency




SR _ March 7, 1995
© Mr. Kimio Fujita

President, :

Japan International Cooperation Agency

Tokyo, Japan '

Dear Mr. Fujita,
Letter of Transmittal

We are pleased to submit to you the Final Report of the Feasibility Study on the Inter-city
‘Toll Motorway Projects.in the Kingdom of Thailand. The report contains the advice and
“suggestions of the authorities concerned of the Government of Japan and your Agency as
well as'the formulation of the above mentioned feasibility study.

This report presents the results of feasibility study on two inter-city toll motarways,
Lampang - Doi Saket Route and Ban Pong - Cha Am Route, among 4,300 km nationwide
inter-city motorway network proposed by the master plan study in 1991. Taking into the
‘priority of the projects and the possible in_ves'trﬁent amount, the implementation schedule is
developed and recomrﬁend'ations to facilitate the implementation are rnrade.

In view of the urgency in we!t balanced development of the whole nation by decentrahzmg
socio-economic activities from Bangkok metropolitan area, and the continuation of stable
economic growth in the whole country, we recommended that the Government of the
Kingdom of Thailand materializes th:s results as a top priority.

We wish to take this opportunity to express our sincere gratitude to your Agency, Ministry
of Foreign Affairs and Ministry of Construction. We also wish to express our deep gratitude
to the Department of Highways and ather éuthorities concerned of the Government of the

- Kingdom of Thailand for the close coaperation and assistance extended to us during the
course of the Study

- Very tru'!y'_yours,

W&W

~ Kunihiko-Sawano

~ Team Leader,
- Feasibility Study :

on the Inter-city Toll. Motorway Projects
“in the Kingdom of Thailand
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1.1

CHAPTER 1
INTRODUCTION

'BACKGROUND

Recently, the economy of Thailand is remarkably growing. However, benefits of the

economic growth are exclusively concentrated in Bangkok and its surrounding area
while inter-regional disparity of socio-economic level is more and more expanding.

Considering this situation, the Government of the Kingdom of Thailand (the Gov-
ernment of Thailand) took up well-balanced development of the whole nation by
decentralizing socio-economic activities from Bangkok metropolitan area, and con-
tinuing stable growth of the natnonal economy as one of the most tmportant national
policies. :

~ The Government of Thailand inferred that development of a nationwide inter-city

motorway network is essential to achieve this policy, and requested the Govern-
ment of Japan to conduct a master plan study on the inter-city motorway develop-
ment. This study was carried out by the Japan International Cooperation Agency
{JICA) under the title of "The Toll Highways Development Study in the Kingdom of
Thailand" from 1990 to 1991 {the Master Plan Study) and proposed a conceptional

~ development plan which is composed of a nationwide inter-city motorway network

of 4,300 km in total length.

- In the 'transportation sector plan of the present Seventh National Economic and

Somal Development Plan {the 7th National Pian), which is in force from 1992 to

- 1996, development of the inter-city motorway is the most |mportant task to be

realized without delay. Based on this basic poticy, the Department of Highways

" (DOH) decided to include the implementation of 4,300 km inter-city motorway

network proposed by JICA study.in DOH's long term strategic plan of highway
development

Besides, DOH established the Seventh Highway Development Pian {the 7th Highway
Plan) in which construction of 198 km motorway is scheduled, and requested the
Government of Japan to carry out a feasibility study on two high priority routes
selected from the 4,300 km inter-city motorway network. The requested routes
include some sections planned to be constructed in the 7th Highway Plan.

In response 10 the request of the Government of Thailand, the Government of Japan
has decided to conduct the Feasibility Study on the Inter-City Toll Motorway
Projects in the Kingdom of Thailand (the Study). :

JICA, the official agency responsible for the implementation of the technical coop-
eration programs of the Government of Japan, has organized and dispatched the
Japanese Study Team (the Study Team) for the Study in accordance with the Scope
of Work agreed upon on November 6, 1992 between DOH whlch acts as the coun-

B terpart agency ‘and JICA Preparatory Study Team.



1.2

' OBJECTIVES OF THE STUDY -

. __The objectives of the Study are as fo!lows':'_'

i. To formulate an inter-city toll motorway development plan for the hagh prronty
routes in the Kingdom of Thailand. (Feasibility Study) _ o

ii. To-propose the methodologles for |mplementat|on and operatlon of the tol!

. -motorways.’ :

. iili To-perform technology transfer to Thar counterpart personnel in the course of the

1.3.

1.3.1.

1.3.2

. Study

SCOPE OF THE STUDY

Study Route
The_ Study_ routes, as shown in the Iocation'map,- are as follows:

 Lampang - Doi Saket. - - 98.7-km

 “Ban Pong-Cha Am.. = 133.7km

Total . L2324 km

_Scope of the Study

_In order to achleve the Study ob]ectwes mentloned in 1 2 the foliowmg tasks will

be carried out accordmg to the Study Flow Dlagram presented in Flgure 1.1

- Collectaon and analysrs of relevant data

* .= Establishment of socio-economic framework

- Study of design standard

» Field reconnaissance : :

" Preparatlon of a!ternatlve routes and selectlon of optrmum route
® |nitial envrronmental examrnat:on :

* Environmental |mpact assessment’

* Traffic survey :

® Forecast of traffic demand

= Natural condition survey

= Topographic survey

1.4

® Preliminary design _
® Study of operation and maintenance’ systern
a Construction plan

= Estimate of project cost

a Economic and financial analysis - -

. '® Preparation of implementation p_ro'gr'arn: : L

" Overall evaluation a_nd recommendation

STUDY SCHEDULE

The ﬂow dtagram in Frgure 1. 1 shows the Study schedule, in whtch the Study wull
be commenced at the end of August 1993 and completed by the beg:nmng of
March 1995 w1th a total tlme tength of 18 months : '
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1 5 ORGANIZATION

The Study wnII be carned out by the Study Team appomted by JFCA m close coilab- .
oration with the Counterpart Team organized by the DOH On commencement of
the- Study, JICA organized an Adwsory Committee composed of experts and Japa-
nese Government officials,to advise the Study Team and rev:ew the results of the :

Study The organrzation chart is shown in Flgure 1.2,

‘Departmerit of Highways (DOH)

[ Thai Advisory C’amitteej

Colnterpart Téam I

| Cooperation Age'néy

Jaban international

Japanese: Advisory’ Cqmli.t tee

{JICAY

study Featn gl

FIGURE 1. 2 ORGANIZATFON CHART

The members pamc:pated in the Study are llsted below

“Thai. Advnsory Committee
Chairman - :

Member
.Member
Member - -
- Member
' Member
Member
Member
Member -
Member
Member
Secretary

7 Jaganese Advisory Commat;e _

Chairman

Member

Member ‘
Project Coordinator

- DOH Counterpart Team
Project Coordinator
Sr. Highway Engineer
Sr. Structural Engineer
Sr. Survey Engineer.
Sr. Soil Engineer
Sr. Highway Engineer
Highway Engineer
Traffic Engineer
Traffic Engineer
Project Economist
-Economist -
Economist

Deputy Drrector Genera! for: Engmeenng

Director of Plannmg Division
Director of Location and Desngn Dzv;snon

. Director of Materials and: Research Dlwsuoni

Director of Traffic Engineering Division . -
Directar of Road Research Center -
Director of Tolt Highway Office:

. Mr. Isamu Bito (Aug.'93 - Apr.’ 94).

Mr. Shunichi Hamada {Jul. ‘94 - Mar 95)
Mr. Bancha Vadhanasindhu

Mrs. Phimchai Yuthahandol

Mr. Sunant Gllengpradlt

Dr. Kazuakt Mlyamoto _
Mr. Koichi Osada

Mr. Tatsuo Suzuki - l

Mr. Toshihisa Hasegé_wa

Mr. Sunant Gliengprédit

“Mr. Wanchai Parkluck:

Mr. Manitchai Glawgmgoo!
Mr. Kiatikrai Pramoj
Mr. Suchart Leerakomsan -

-Mr. Chusak Gaywee

Mr. Somchai Kesasomboon
Mr. Vanchak Chayakut

Mr. Chavalit Lupholtae
Mrs.Phimchai Yuthabandol
Miss. Nanthanee Kwangsopa

;MISS Phlenphen Chltrakooi .



~JICA Study Team

.. Team Leader/nghway Planner' L Mr. .Masahlko Tohl (Aug '93 Jul '94)

1.6

‘Team Leader/Highway Planner _Mr. Tsuneo Bekki (Mar.'94)
‘Team Leader/Highway Planner Mr. Kunihike Sawano {(Jul.'94 - Feb.'95)

Highway Engineer {1} : Mr. Hidetomo Akutsu
Highway Engineer {2} Mr. Akira Manda
- Motorway Facility Planner .- . "Mr Takashi Shimizu
Structural Engineer. . o Mr. Toshihisa Kimura
Tunnel Engineer. . . - .. Mr Yoshio:Nagami
Regional Planner . .~ Mr. Akio Morikawa
Transport Planner -~ Dr. Hani A. Halim
. Traffic Engineer - Mr. Kazuyuki Otsuka
Environmental Specialist - Mr. Hiroshi Kawashima
.- Soil/Material Engineer. - .~ :Mr. Toshio Aida
..Construction Expert. . Mr. Ichizuru ishimoto
_ Organization Expert . Mr. Shin Kokubo
. Transport Economist s Mr. Masahito Honma
Photogrammetrist ~ Mr. Takashi Yokokawa
SurVey‘Engin'eer- : = “Mr. Masashi Suzuki -
REPORTING
o The follomng reports were prepared and submatted to DOH durlng the course of the
study
: Incep_tion Report - . - August 1993
Interim Report (1}~ . December 1993
" Interim Report {2) _ March 1994
including MOTORWAY DESIGN STANDARD
"~ 'Progress Report - August 1994

Draft Final Report. December 1994

The final report is organized as follows:

Volumel  : - EXECUTIVE SUMMARY

“Volume il -~ & MAIN TEXT
Volume i1 : APPENDICES

Volume IV DRAWINGS
This report: Ve!ume II, MAIN TEXT, consists of 11 chapters as shown be_low:

CHAPTER 1 INTRODUCTION gives the background, objectives, scope and organiza-
' tion of the study,

- CHAPTER 2 SOCIO- ECONOMIC FRAMEWORK provides present socio-economic

characteristics and results of formulatmg framework up to the year of
2020 -

CHAPTER_B TRAFFIC DEMAND FORECAST gives. results of traffic surveys and
' - future traffic. forecast o

"~ CHAPTER ,4'_ROUT.E_ SELECTION presents alternative segments, evaluation and



selected optimum route for each route, : o

CHAPTER 5 EVALUATION OF SELECTED:- ROUTES dlscusses moblllty and accesmbﬂ—
ity of the selected routes after presentmg sahent charactenstlcs of
them,

_CHAPTER’ 6 PRELIMINARY DESIGN giVes-prelimi_nary eng'ineer_igr'!g stu_dy. outbufs,

CHAPTER 7 ENVIRONMENTAL EXAMINATION gives outcomes ‘of environmental
- examination under the national policy st:pulated in. envnronmental acts
in Thailand,

CHAPTER 8 STUDY ON OPERATION AND MAINTENANCE SYSTEM presents organi-
zation and systems for operation, management and malntenance of toll
motorway,

CHAPTER 9 COST ESTIMATES glves estimated investment cost and operatmg:’mam-
tenance costs.

CHAPTER 10 PROJECT EVALUATION presents economic, financial and techmcal
‘ evaluation of the pro;ect mcludmg environmental impacts assessment.

CHAPTEH 11 PROJECT |MPLEMENTATION AND RECOMMEN_DAT!ONS discusses
implementing issues and implementation program and presents recom-
mendations for smooth implementation of the project.



. CHAPTER2







~ CHAPTER 2
SOCIO-ECONOMIC FRAMEWORK

' Establishment of socio-economic framework aims at preparation of basic data required for
: the future traffic demand estimation. Population and Gross Provincial Product (GPP) were :
. selected as major items of framework, because they are highly associated to traffic genera-
- tion and attraction. Target years for the socio-economic framework were set at 1996,
..2001, 2011 and 2021, Changwat data were basically prepared as a minimum zone unit for
| forecasting traffic demand. Changwat population of the Study Routs were broken down
" into Amphoe population in order to improve the accuracy of traffic forecast. '

2.1 SOCIO-ECONOMIC CONDITIONS -
2.1.1 Population L

The. admmtstratlve system of the Klngdom of Thailand is divided into seven(7}
_regions: Northeastern Northern, Southern, Eastern Western, Central, and Bangkok
Metropolatan Region {BMR). Regions are divided into 73 Changwats (Provinces in .
1992). Changwat of Study Routes are Ch;ang Mai, Lamphun and Lampang for
Lampang - Doi Saket Route, and Ratchaburr and Phetchabun for Ban Pong - Cha Am
Route as shown in Fagure 2:1-1. '

ACCOI’dIng to populatlon reglstrataon data of the Mlmstry of Interior, Thailand had a
total population in 1992 of 57,789,000 W|th a growth rate of 1.5%. Population
growth in Thailand slowed from 2.0% per annum during 1981-1986 to 1.4% per '
annum during 1986-1991. The population density in 1992 was 112.6 persons per
square kilometer as shown in Table 2.1-1.

TABLE 2.1-1 POPULATION BY REGION

REGION Pdp;ulatibn ¢1,000 persons) Annual Growth Rate(%) Density
' 1976 1981 1986 199t 1992 1976-° 19B1-  19B6- 1991~ in 1992
i i 1981 ,' 1986 1991 1992 - persens/m?

2.5 1.6 0.1 118.8

NORTHEASTERN 14,793 16,394 18,552 20,045 20,059 . 2.1

NORTHERN 9,048 9,716 10,450 11,022 11,683 1.4 1.5 1.0 6.0 68.9

SOUTHERN 5,330 _5',@35;56,608- 7,208 - 7,402 2.2 2.2 1.8 2.7 104.7

" EASTERN - 2,622 2,95 3,418 3,740 3,73% 2.3 3.0 1.8 0.0 102.4

WESTERN 2,606 2,866 3,146 3,337 3,426 1.9 1.9 1.2 2.6 79.5
" CENTRAL 2,407 2,557 2,72 o 2,854 282 1.1 13 0.9 -1.1 1701
. BMR DL 6,400 7,465 B,031° 8,702, B,661 3.1 1.5 1.6 -0.5° 1,116.4
- WHOLE KINGDOM' 43,213 47,875 52,969 56,907 57,789 2.1

2.0 1.4 1.5 C112.6

" Sourcé: Registration Division, Department of Local Administration, Ministry of Interior .
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'Populatlon growth by region during 1991-1992 showed major changes diue to the
-election in.1992, During 1986-1991, Scuthern and Eastern Reglons showed the
'hlghest populatlon growth at 1.8 per annum.. -

: '-'Populatron dens;ty in. BMR was the highest at 1,116. 4 persons per square kilometer.
. The lowest populatron density was 68 9 persons per square kilometer in the North-
ern Reglon :

. Figure 2 1-2 shows the regional distribution of population. The Northeastern Region
-~ had the biggest population of 20,059,000 persons with a share of 34.7% followed
" -by the Northern Region with 11,683,000 persons. The Western Reg;on had
3,424,000 persons with a total populatlon share of 5.9%.

‘BMR™
15.0%

 CENTRAL . _.;-. . ‘
- 49% NORTHEASTERN
WESTERN "3: 347%
5.9% / SlA 222
. f\MMr"
EASTERN - \Q
_ EAST A
6.5% \\
SOUTHERN

12.8% = NORTHERN
S 20.2%

Source: Depadmenl of Local Admtmslralion _
" Ministry of Interior = - _

FIGURE 2.1 2 POPULAT!ON DISTRIBUTION BY REGION IN 1992 N

Populatlon by Changwat is shown in Appendrx 2 1 1 Bangkok Metropolltan Admin-
istration (BMA) showed the biggest population of 5,562,000 persons with a total
populatron share of 9.6%. The population in Chiang Mai, Lampang and Lamphun in
the Northern Region is 1,531,000; 776,000 and 398,000, respectively. The popula-
tion in‘Ratchaburi and Phetchaburi in the Western Region was 777,000 and -
439,0_00, respectively. ' ' '

The pepulatibrr dehsity in.BMA was also the highest at 3"553 6 persons per square
kilometer. Chiang Mai, Lampang and Lamphun in the Northern Region had 76.1,

' 61.9 and 88.3 persons per square kilometer, respectively. These densrtles are [ower

.- than that of the -national average of 112.6 persons per square kilometer. Phetcha-
buri and Hatchabun had 70.5 and 149 5 persons per square kilometer, respectlvely

Populat:on by Amphoe mfluenced by. the Study Routes is presented in Table 2.1-2.

. Each: Amphoe Muang in Changwat had a larger population than other Amphoes. The

, _populatron derisity in Muang Amphoe Chiang mai, Lampang and Lamphun was

- 1,591; 272; and 190 persons per square kilometer, respectively, while in Muang

_ Amphoa Ratchaburr and Phetchaburl was 423 and 410 persons per square kllome—
. ter, respectlveiy



“ TABLE 2.1-2 POPULATION BY AMPHOE

LAMPANG - DOI SAKET ROUTE g T o S R TR L2 B
_ o - ' . Anviual Growih Rate (%} Densily in 1992. -
“Amphos . . . 1976 1981 1986 1981 -* 1992 ~ 1976- 1961: 1986~ ~19%1- - (persons per
T S R I I 1981 1986 1991 1992 sqkm).
CHIANG MAI - 1,1003 1,180.2 1,296.4 .1,3859 15309 14 19 1.3 105 . 761
MUANG CHIANG MAI- 1668 . 1812 2085 2160 2424 17 .27 08 122 = 15810
- CHIANG DAG - 430 438 487 - 527 723 .43 - 2t 16 372 384
CHOMTHONG - . .. .. 731 733 8665 906 . 936.. 01 .34. .09 33 . . 93
DOI SAKET o 524 . 578 612 637 624 .20 11 - 08B 20 930"
CFANG T o T T et 1043 1109 836 1028 12 4 127013 280 0 Y 1240
- HANG DONG 531 B59 . (583 1669 623 1008 28 B9 .. 2248
HOT - ’ 226 314 47 . 374 400 68 | 20 15 70 - 280
DOI TAO 206 235 254 268 . 272 27 t6 1t 15 338
CMAEAL © 402 414 457 B29 743 . 086 20 30 405 © 1009
MAE CHAEM . 338 379 465 518 564 23 - 42 21 93 188
MAERIM 572 597 . 649 - 696 751 09 . 17 14 78 169.3
MAE TAENG . 560 598 632 .681 774 14 11 09 171. 668
OMKOL. 202 - 216 264 -3%4 395 ‘13 42 28 288 . 188
‘PHRAC - - 443 439 478 503 553 02 - 17 0 -10 . 99 - - 482 -
SAMOENG : 168 . 186 208 216 22770210 .24 io 5.1 . 253
SAN KAMPHAENG 761 795 879 42 . 932, 08 20 14 -1 . 1458
SAN PA THONG 1004 1040 1053 788 g1z 07 02 - 08 . 30 4557
SAN SAl ‘649 606 755 628 818 14 186 19 12 . 287.0
SARAPHI ' 80.7 €37 Ti4 - 748 757 10 23 . o9 12 776.8
K.A. WIANG HEANG 92 86 96 192 7 t3 220 1000 286
K.A. CHAI PRAKAN - : U sE 40 : ' 333 . L8O
K.A. MAE WANG o _ 310 301 .- - 28 50.1
LAMPHUN /3396 - 3662 4023 4179 3980 10 . 25 08 48 86.3
MUANG LAMPHUN . 140.1 . 147.0 1500 1437 1323 . 10. 18 07 28 . .2720
" BAN HONG . 389 403 454 460 456 - 0.7 24 03 .08 76.4
u 553 474 575 610 610 23 39 12 00 .. 358
KA. THUNG HUA CHANG © 145 - 162 175 173 2 16 -1 - 358
MAE THA - : . 329 333 399 424 400, 02 37 12, .-87. . 628
PA SANG 723 737 843 B67 838 04 27 06 -36 . 2393
K.A.BANTHI : ' 0 208 182 : SRS L 148.6
LAMPANG S 6433 6652 7446 7778 7762 07 . 23 .08 02 . 618
MUANG LAMPANG 1770 1837 2208 230 2198 67 47 09 . 48 190.0
MAE MO . 217 234 208 334 . 363 §0. 23 - 57 - 413
CHAEHOM 694 - 404 425 44t 439 08 10 - @7 05 - 325
HANG CHAT . 433 447 496 . K11 539 06 21, .. 08 55 T T8
KO KHA ' 618 585 633 650 694 - 08 .12 06 .68 .. . 1259
MAE PHRIK ' 147 166 170 170 174 11 18 00 24 . 23
MAE THA 627 639 657 688 702 04 06 09 - 20 - 788
NGAO 437 464 654 584 607 .12, 36 ..td .22 334
SOEM NGAM T o286 294 M2 318 234 06 12. 04 - 5O 529
SOP PRAP .- 264 259 273 981 - 284 . 04 11 06 11 56.5
THOEN 532 868 581 601 - 627 10 08 07 43 - 384
WANG HUA . 417 443 524 548 - 469 12 - 34 09 144 453
- MUANG PAN . _ . 323 o35 332 M2 . o -6 11 a0 ... 395



2.1.2

BAN PONG - CHA AM ROUTE

Amphoe 1975

1981

Annual Giowth Rate (%)

Densily in 1992

1686 1991 1992 i976- 1984. 1986. 1991- ({persons per "
, : 1981 1986 1991 1992 sqkm) '
RATCHABURI _ 6970 6536 6016 7272 7712 t8 11 10 69 149.6
MUANG RATGHABURI 137.4 1556 1635 1743 . 1819 25 10 13 44 4227
BAN PONG 71232 1312 1349 1434 1538 i3 0.6 1.2 74 419.0
© BANGPHAE- = - 374 387 389 408 431 07 04 1.0 56 249.7
CHOM BUNG 359 425 484 501 567 34 25 08 132 73.4
SUANPHUNG -~ . . 184 -301 . 373 404 483 95 44 16 196 23.8
DAMNOEN SADUAK " 926 927 943 856 1065 00 03 03 62 4627
PAKTHO -~ 410 451 4B7 K12 804 19 - 15 1D 174 79.3
PHOTHARAM . 998 1064 1145 1203 1205 13 15 10 02 289.0
WAT PHLENG 107 113 14 113 1S 11 02 05 38 303.5
PHETGHABURL. . . 3452 3723 4123 4308 4386 15 21 09 1.8 705
MUANG PHETGHABURI 966 1018 1082 1118 1164 1.4 14 04 43 - 4100
BAN LAEM . 497 516 564 SBBM 58¢ 08 §8 0B  -12 306.0
BAN LAT B 426 439 483 600 496 02 24 07 ~-08 166.4
CHA-AM -~ . .. 386 - 443 515 568 584.. 23 a1l 20 28 884
. KHAOYOI - - 345 - 374 360 375 3.2 16 .08 08 08 1217
NONG YA PLONG' Coo7s o102 106 113 {15 61 06 15 .18 92
THAYANG =~ 748 840 1004 608 861 23 36 09 68 1169
K.A. KAENG KRACHAN 240 212 - <112 85

Source : Registrabion Division, Depariment of Local Administration, Ministry of interior

Economic Indices -

1. GDP

"In 1991, the Gross Domestic Product {GDP) amounted to 2,509 billion Baht at
current market prices and to 2,108 billion Baht at 1988 constant prices as shown in
Table 2.1.3. The GDP growth rate of 10.9% per annum during 1986-1991 was
higher than the growth rate during the Fifth Plan, 1981 -'19886, of 5.4%.

From 1987, Thailand's economy turned up due to an increase in exports and an

- influx of foreign investment, as shown in Figure 2.1-3.

Per capita GDP increaséd 2.8 times from 15,934 Baht in 1981 to 44,085 Baht in
1991, as shown in Table 2.1-3. The average annual growth rate of per capital GDP
during 1981-1986 and 1986-1991 were 3.4% and 9.1 %, respectively.

" TABLE 2.1-3: GROSS DOMESTIC PRODUCT

1981

1986 -

1991

. GDP-at current market prices (Million Baht) 760,356 1,133,397 2,509,427
GDP at 1988 constant prices (Miilion Baht) .. 967,706 1,257,177 =~ 2,108,249
GDP growth rate (% per annum} . - : '

Per capita GDP at current market prices (Baht} 15,934
-~ . Per capita GDP at-1988 constant prices {Baht) 20,280 °
o ’_"_Rg_r’"t.:a_p_i,t_a_ GDP growth rate (% per annum) - ' '

5.4 10.9
21,584 44,085
. 23,942 37,037

- 3.4

9.1

7 +'3ource; National Income of Thailand, Rebase Series 19801991, NESDB

—=11=



BILLION BAHT

o : _' . o ' : J 2,509
AN R, *1.'133.7 10.9% : er annum
1,000 7&!’._,.__,4—"" 1. ’,p ;
B S 5.4% per annum
oL ; :
: 1981 o : . 1986 S o189

Source National Income of Thailand, Hebase Serles 1980 1991
. NESDB.

FIGURE 2.1-3 GDP AT CURHENT MARKET PRICES

The share of the agncultural sector decreased from 21 4% in 1981 10.12, 8% in"
- 1991, The manufacturing sector grew steadily and expanded its share from 22.6%
in 1981 to 28.2% in 1991 in terms of current prlces as shown in Table 2.1-4.

TABLE 2. 1 4 GDP BY. SECTOR

198t 198 e Rt

Sector - s (% Share) o (% Shere) . UL (X ghare)
“Agriculture N 15.7 12.8
Mining and Guarrying 1.5 -1.7 1.6
-Manufacturing 22.6 - 23,9 - 28.2
Construction . 46 . 49 6.8
Electricity and Hnter slpply ; RN 2.5 2.1
Transportation and Comminicat fon 5.5 TT.e 7.0
‘Wholesale and Retait Trade - 18.2 S 16.8 - 17.0
Barking, Insurance and Real Estate 2.9 3.3 5.4
Ownership of pwellings : - 3.5 4.2 2.9
Public Administration and Defence b 4.5 3.4
Services’ 141 T 4.7 12.9
GOP o 10000 : S 0060 : 10000

Source: National Income of Thailand, Rebase Sertes 1980- 1991 ‘NESDB

2. GRP

Table 2.1-5 shows Gross Reglonal Product-(GRP} share. In. 1989 the Northern and :
Western Regions shared 11.4% and 5.2% of the nation's GDP, respectnvelv GRP at
1988 constant prices is currently under estimation by NESDB, GRP at 1972 constant '
prices.is shown in Table 2.1-68. The growth rate of GRP in the Northern Region during

1986-1989 was 7.7% per annum, while that-of the Western Reglon was 8.:7% per _

ahnum. These growth rates are somewhat lower then the average of 1 1 6% per annum
during the same penod

Per capita GRP in BMR was the Iargest at 96 239 Baht |n 1989 followed by the_ :
_Eastern Region at 45,751 Baht at current market prices. Per caputa GRP in the -
Northern Region was 18,833 Baht and Western ‘Region 28,434 Baht, which were_
lower than the per cap:ta average GRP as shovVn in Flgure 2.1 4 '



TABLE 2.1-5 GRP SHARE

1981 L 1e8s _ 1989

REGION - : X ‘share) (% share) (% share)
NORTHEASTERE R 4 14.4 12.9
NORTHERN : 13.5 12.2 1.4

- SOLUTHERN . ) 10.2 2.8 2.1
EASTERW | ' : 7.7 8.7 B.6
WESTERN . : N 5.5 5.2
CENTRAL : 5.3 4.6 4.6
BMR . 42.3 44.8 48.1

0.0 108.0 100.0

TOTAL _ 100.

Source: Gross Regional and Products, Preliminary Series 1981-1989, NESDB

TABLE 2,1-6 GRP AT 1972 CONSTANT PRICES

: : 1981 1986 1989 GROWTH RATE (X p.a.)
REGION (Million Baht) (Million Baht) {Million Baht) 1981-1986  1986-1989
NORTHEASTERN 49,279 65,411 81,190 5.8 7.5
NORTHERN 42, T4t 54,628 68,286 . 5.0 7.7
SOUTHERN 30,827 - . 40,592 52,804 5.7 9.2

- EASTERN - 22,577 30,412 44,220 6.1, 13.3
WESTERN 18,634 T24,305 T 31,201 5.5 © 8.7
CENTRAL 16,920 20,115 26,798 3.5 10.0
BMR - . 137,458 178,027 269,697 5.3 14.8
TOTAL T 318,439 - 413,490 574,195 5.4 1.6

Source: Gross Regiomal amd Provincial Preducts, Preliminary Services 1981-198%, NESDB

Table 2.1-7 shows GRP by sector in 1988. Agriculture was the major economic
sector in the Northern, Western, Northeastern and Southern Regions. The agricul-
ture sector's share in the Northern Region was 30. 9% of total GRP while that in the
: Western Reglon was 28. 1%, which are higher with that of the natlon s GDP.

BAHT  EJNORTHERN £ WESTERN WHOLE KINGDOM

.35'000 I ' ) . © 32,028

30,000+

" a0000]

~ 10,000} {7

_ 1get 1986 . U 0968
- Source ‘Gross’ Heglonal and Prov;nclal Products, s '
o Preliminary Series 1981 - 1989, NESDB

FIGUHE 2 1-4 PER CAPITA GHP
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TABLE 2.1-7 GRP BY SECTOR IN 1989

'Sector )

- SOUTHERN .

. . NORTHEASTERN NORTHERN EASTERN
Agricutture o 275 - 308 a2e 147
 Mining and Quarrying 22 55 52 78
: Manuiactunng 75 75 54 0 269
_ Construction 64 5.8 58 6.9
© Electricity and Water Supply 18 17 20 23
' Transportation and Communication 45 50 61 5.7
* Wholesale and Retail Trade 222 78 - 188 13.3
Banking, Insurance and Real Estate 28 .. 35 34 3.4
* Ownership of Dwellings 68 a7 L .35 25
Public Administration and Defence .85 52 .. . 48 28
Senices 123 . 12,8 123 139
_GRp | 100,0 1000° 100.0 100.0
- sector WESTERN: CENTRAL BMR _TOTAL
Agricuiture S 188 30 15,0
Mining and Quariying 72 152" 0.6 3.4
Manufacturing 15.2 196 389 - 255
Construction 56 33 68 6.3
Elec‘lncny and Waler Supply 23 "~ 36 27 . .23
Transportation and Communication 57 a7 8.8. . 69
Wholesale and Retail Trade 183 154 C o125 154
~ Banking, Insurance and Real Estate 34 27 89 49
Ov)_vnershi_p of Dwellings ' 356 o 34 217 33
Public Administration and Defence ai 50 Y R 36
" Services 8.7 .84 147 133
GRP 100.0 . 100.0 100.0 © 1000

Source Gros Regona! and Provincial Products, Preliminary Series 1981- 1989 NESDB

3. GPP

Gross Provmcual Product (GPF’} at 1988 constant prices is also under preparation by_
- NESDB. Figure 2.1-5 shows GPP in 1989 at current market prices. Bangkok Me-
tropolis had the highest GPP at 628,033 million Baht in 1989 with a share of
35.4% the national GDP (Appendlx 2.1-2). Based on GPP at 1972 constant prices;
the GPP growth rate in Bangkok Metropolis- durlng the same penod was 12. 1% per
annum as shown in Appendlx 2.1-3, o

GPP in Chlang Mai, Lampang and Lamphun was 33 481 Mllllon Baht, 15 905 Million
Baht, and 6,503 Million Baht with average annual growth rate during 1986-1989 of
4.8%, 4.1%, and 5.2%, respectwely GPP in. Ratchaburi. and Petchaburl was
29,285 Million Baht and 11,218 Million Baht, wnth average annual growth rates
'dunng 1986-1989 4.2% and. 5.0%, respectlvely :
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40.000" 33488 - .
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- 11,218 LAMPHUN

&umo Gross Fegional and Provinchl Products, -
" Preliminasy Sefies 1981 - 1989, NESDE :

FIGURE 2.1-5- GPP IN 1988 AT CURRENT MARKET PRICES

" Figure 2.1-6 shows per capita GPP of the study routes. In 1889, Chiang Mai in the
“'Northern" Reglon was 24,727 Baht followed by Lampang was 21,039 Baht and
Lamphun with 15,861 Baht. In the ‘Western Region, Ratchaburi had 28,733 Baht
“and Petchaburi 26,709 Baht, higher than the Northern Region. However, compared -
wnth natlonat per cap;ta GDP of 32 028 Baht that of each Changwat was lower.

o BAWT
- 30,000 28,733 RATCHABUR
A 26,708 PETCHABURI
: : /424,727 CHIANG MA
/h__'-" ‘.,-'“ -
‘ ‘ ' ¥ 121,035 LAMPANG
20,000 | ' < P :
A a T i 'S :
s e ¥ ,,4.—7_,--‘P e
RIS DS e L o | .
JEP chan oy (I T 15,861 LAMPHUN -
JF = S S P e S e b
: £ —t
A I -t | T~
: T —t
10,000 f="
0 : . -
1981 1983 1985 1987 - 199

Source Gross. Regional and vamcrai Products
Prefiminary Serigs 1981 - 1989, NESDE

FIGURE 2.1 6 PER CAPITA GPP AT CURRENT MARKET PRECES

_ BaSe_d-on’_GPP.by sector, Chiang ‘Mai depend_much more on services than on agri-

“_“culture. The share of services was 22.6% and the average annual growth rate

during 1986-1989 was 9.2%. Lampang depend on mining and quarrying, and on
. wholesale and retail- trade, which share 18.8% and 17.6%, respectively. Lamphun
" depends on agrlculture {26.5%} followed by wholesale and retail trade (19.5%). The
" share of manufacturmg in Ratchaburi ‘was 23.0%, followed by agnculture {(18.1%) -
and wholesale and retail trade (16.2%). The share of wholesale and retail trade in

" Petchaburi was 21 7%, followed by agncuiture (17 3%) as shown in Appendlx 2.1-
”'i4and215 R
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2.2

2,21

SOC|o-aco~oM|c FRAMEWORK

Seventh Natlonal Economlo and SOolal Development Plen

The Seventh Natronal Economlc and Socral Development Plan l1992 1996} is the
currently authorized Natlonal Economic and Social Development Plan presented by

' NESDB

The main development'objectéves of the Seventh Plan are as_;:follows':

. Malntam eCconomic growth rates at approprlate Ievels to ensure sustarnab:lrty :
“and stability. : -

L Redistribute income and decentrallze development to the regrons and rural
areas more widely.

- Accelerate the development of human resources, and upgrade the qualrty of
In‘e, the envnronment and natural resource managernent

In order to attain the three development objectives; quantrtatrve and qualltatrve tar

gets of the’ Seventh Plan are set as follows Summerres of the flgures are: shown in _' _

Table 2 2-1.

- Set overall economlc growth rates -at 8 2% per year
Co- Increase per capita income 10 mcrease frorn 41,000 baht per person in 1991
o to 71 000 baht by the end of the Seventh Plan wrth an income growth rate
of 7% per year in real terms.
- Grow the agricultural sector at no less than 3 4% per year
- Grow the industrial sector at 9.5% per year.
< Mamtam the inflation rate at less'than 5.6% per year
- Keep the trade deficit within 9.4% of GDP. . -
- Reduce the current account deficit to less than 2. 5% of GDP by 1996,
- Reduce the proportion of the poor fram 23 7% under the poverty line in
1988 to less than 20% by 1996.
- Reduce income disparities among different groups of people _
- Reduce population growth rate to less than 1.2% per year, whlch will brrng :
the population of Thailand to 61 million by the end of the Seventh Plan,
- Improve the quality of the population.
- Expand employment opportunities. ~ = :
- Improve the basic health conditions of all the peOple
- Designate the national forest reserve area at. 25% of the total land area.
Reduce pollution levels i in water, alr no:se, solld wastes and toxro ohemlcals

In order to ettain the ob]ectlves and targets, the followmg gurdelmes have been
formulated ' : :

1. Guldellnes for sustamlng eoonomlc growth rate at an approprlate level and wnth '
, stabﬂrty S . _ _ .

- implement flscal end monetary polrmes and capltal market development
- Restructure the agncultural sector to morease productrvlty and to produce _

~16~



. high value products which have high market demand.

- Develop the industrial, trade and investment sectors, emphasizing the crea-
tion of opportunities for Thai natlonals to compete in investment and busi-

' “ness activities in foreign countries, -

" "_Encourage the development and application of . appropriate science and

a 'technology to-increase productivity and improve the quality of export

“ products to enhance the’ competitiveness of Thai exports. -

- Provide an adequate amount of energy to meet the demand of various sec-

© . tors of the economy by developlng more domestic sources of energy.

- Speed up investment in the provision of infrastructure services to ensure an

h adequate high quality supply to meet the increasing demand from economic
growth. :

. Promote the development of the Bangkok Metropolitan Region to ensure
better connection and integration of Bangkok Metropolis with the Eastern
Seaboard Area to serve as the principal economic base of the Metropolitan

- Reg|on and to stimulate international competltiveness of the Thai economy.

. -G_uidelines for the redistribu_tion of income and development to the regio_ns and
_ rural areas. - ' '

> Implement monetary, fiscal and 'capital market development policies to
- genuinely support the redistribution of mcome and development benefits to
the. reglons and rural areas.
- 'Dlsperse propertv ownership to enable those in the agrlculture sector to have
. legal ownership of the land or to have security on farm land. :
- Carry out agrlcultural restructurmg and d;sperse mdustnes and services to
- the regions. ' _
- "Develop regional centers to serve as economic and employment bases in
each region to take advantage of the decentraiization policy of economic
activities to the regions,
- Upgrade the quality of life of rural people, emphasmng the decentrallzatlon
of government authority to the regions and local level.
-~ Develop and upgrade the quallty of l|fe of the urban poor

. GUIdelmes for the development of human resources, quallty of life ‘and environ-
ment :

- Develop human resources, education and health__in support of national
‘economic.and social-development.

- Cultivate spiritual, cultural and moral development to enable the people to

' -properly adapt themselves to the changing 5|tuat|on and to serve as an
important force in national development. .

- Develop’ environmental quality hand in hand with nat:onal economic and
:somal development by emphasizing development management mechanisms
“to deal with pollution problems in water, air, solid and hazardous wastes in a

. more efficient manner, e : L

'_ - Improve the adm!mstratwe system of natural resouroes to serve as a basic

means of llvelthood for rural people, as a national her:tage and as an impor-

' tant bams for: sustamable development



4 Gurdellnes for the development of Iaws state enterprlses and the bureauoratlc
: svstem : . ST

Amend Iaws to be consistent with the direction and process of development
~ by settmg up an- mdependent and non-partisan organization under the law to
- reform and amend laws which are obstacles to development administration.
. Increase the efﬂcuenoy of state enterprises by reducmg the supervisory role -
-of the-government; and. improve the legal framework and rules and reguta-.
.. tions to ensure more flexibility to state. enterpnses . :
o 'lmprove the bureaucratic system by. |mprovmg the organlzatlonal structure
... and:the government management svstem

: 'TABLE 2 2~ 1 MAJOR DEVELOPMENT TARGETS DUHING THE. 7TH PLAN (1/2)

Slxth Ptan Actual j Seventh Plan Targets

. e (1987- 1991) . (1992-1996)
1. Economlc Growth ' S : 10._5"'_ o 8.2
. (% per year at constant prices) e T S L
‘1.1 Agricuftural sector = EE C 34 34
' 1.2 Non-agricullural sector . . T -5 8.6
' dnddstry b T T e BT 95.
-Constructloh S T £ X A 8.9
-Servicesandothers . 1o 8
2. Per capna income (bahv'year) S 41000 71,000
3. Expenditures. B T
{% per year at constam pnces)
3.1 Private sector - o . C e _
- Consumptioni - g 87
- Investment - e 280 - 88
3.2 Public sector B Dl
-Consumotlon N S oz - . 33
- Investment . o S es . . 85
4. Exportof goods ‘ T L
4.1 Average value (bilion baht) 496.0 1,063.0
4.2 Average growth rate  per year @) o 246 147
5. import - o R T PR
5.1 Average value (billion baht) S pe4s 1,358.0
_ 5.2 Average growth rale peryear(%) R = Pe 114
6. Trade balance _ o e U _
64 Averagevalue (bilionbaht) 680 . 3130
6.2 Average growth rate per year %) _ .84 .. . - .94
7. Income from tourism- . T A R AP .
7.1 Average value (billion bam) o . 95 o - 1850
7.2 Average growth rale peryear (%) ST s 133
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TABLE 2,21 MAJOR DEVELOPMENT TARGETS DURING THE 7TH PLAN (2/2}

Sixth Plan, Actual

(1987-1991)

Seventh Plan Targets
__{1992-1996)

1.
12.
.+ per 100 population
13.
14,
S X
16

17.

- Current account balance
-:8.1' Average value (billion baht)

'8.2 Current account balance/GDP (%) -

. lnflatmn (%)
' Commercual energy productnon o
'{thousand barrels of crude oit/day)

Dependancy ratio on

foreign energy (%) . -

Ratio of telephone lines

Poputation (million)

Population growth rate (%)
Transition rate to

secondary schools (%)
Employment (million persons) .
Unemploynient rate (%)

Infant mortality rate - -

" (per1,000 live births):

Proportion of people under

' poverty line (%)

18,
19

20.

Reserve forest (% of total) _
Control of noise level not to
exceed (dembels)

j Limited emission of hazardous
. wastes from commercial ehergy

consumption compared with 1990

- Lead level from vehicles
- Carbon monoxide from

_vehicles (thousand tons)
- Sulphur dioxide (thousand tons)
-molor vehicles

- electricity generation

- industry and others.

-98.0

<49
4.7
2890
60
3.6
56.9
i4

462

320

0.6
.29

C 237

184

1,030 -

950

- 840

100
5356
205

1703
5.2

_ 5.6
© 410.0

60
10

61
1.2

" 73
349
0.5

- 23

20

25
85

300
750

860
50
620

" Source: The Seventh Natlonal Economlc and Social Developmem Plan (1992 1996)
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As for. transport sector, the. followrng targets for development of mfrastructure
‘ -serwces dunng the Seventh Plan penod have been proposed o '

'lncrease capabllrty and effrcrency of the transport sector to provide services
. which are convenient, rap|d safe and at lower costs; to° ‘Support development of
- other sectors and enhance international competltrveness of the Thar economy to

ensure approprlately hlgh sustarned economlc growth
Utlhze the transport sector as accelerator or- catalyst of development leadmg to
dispersion of development benefrts to the regions and a better quallty of life of

the people

Emphasize. safety'and quality of land, sea and air enviro’nr'nental' conditions.-

In order to. achleve the above targets of transport sector, the followrng development -
: guldelmes are provrded g

1

. Solution of traffrc congestlon problems and organrzatlon of urban transport '

. system

_ Speed Up constructlon of nngroads around the cnty and alternatlve routes bypaSS- _

- ing the city.

Speed up construction of secondary roads in the outskrrts of Bangkok Metropohs
Construct a central passenger transrt center with an mtegrated network connect-

_ing all modes of travel,

Speed up construction of elevated rail tracks mass transut rall communlty rail
and expressway services,

Enforce restrictive measures and organization of trafflc system to reduce use of
private passenger vehicles.

Construct public truck depots in appropriate locations.

Encourage passenger transport services along the Chao Phraya river and other'
interconnected canals in Bangkok Metropolis and’ other vrcmlty towns in a sys-
tematic manner. s

Improve organization and mechanlsm related to the SOIUTIOI‘\ of traffrc problems

Promote public and pnvate sector cooperation to allevrate envrronmentat prob-
lems.

. Land transport R

Develop networks of inter-urban expressways or spemal hrghways with con-
trolled entries and exits.

Develop transportation by road, hrgh speed rarl and plpellne svstems

Develop road and rail networks to respond to the demand of the expandmg
industrial and agncultural sectors ' :

e 20—



2 2.2 Zonal Framework
1 Populatron

_Future popuiation' is formulated on the basis of past trends in population increase

. and "The Population Prolectlon for Thalland 1980-201 5“‘ prepared by a working
group on population projection,- NESDB, which made a long term population projec-
t:on in order to formulate a basis for economic and social development planmng

According to that projection,:-the gro_wth rate'for 1981-1996 is 1.4% per annum.
The growth rates of the later'years of 1996-2001 and 2001-2011 are projected
also by NESDB as 1.2% and 0.9 % per annum, respectively. Comparing with the
target population growth in the 7th plan of 1. 2% per annum prolected growth rate
“is hrgher at 16. 7% :

| _ Hence in th;s study, populatlon growth durmg 1996-2001 and 2001-2011 were
‘modified to decrease in the same proportlon During 2011-2021 population growth
was estimated by means of extrapoiatmn as shown in Table 2.2-2,

'-TABLE 2.2-2 POPULATION GROWTH RATES  (Unit: % per Annuml
| 1991-1996 1996.2001 2001-2011 2011-2021

Annual Growth Rate 1.2~~~ 1.0 . 08 0.7

On-the basis of the above growth rates the total popu!atlon was wsrimated, as
shown in Flgure 2.2-1. :

‘ THOUSAND PERSONS .

80,000 B N T2T
] Ar;om/'% g
46,000 : '
20,000 | =——u PROJECTION
o Oeemeg NESDB -
. 0-——0- AGTUAL
Wl

1976 1881 - 1986 1891 1996 2001 2008 < 20i1 - 2016 2021

FIGURE 2.21 POPULATION PROJECTION

. "_;-'Wlth populatlon growth targeted to. decrease in the 7th Plan from 1 4% per annum

L during the 6th Plan pertod (1986 1991) 10 1.2% per annum, regional population

' féf_,.;growth was’ assumed to decrease in the same proportion. Growth for future years

beyond 1996 was estlmated in the same manner as estimating. growth until 1996.

- Population by reglon was calculated on the basis of the above assumed growth
rates and the populatlon |n 1991 as shown in Table 2.2-3 and Figure 2.2-2.
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: TABLE 2.2-3 FUTURE POPULATION BY BEGI_ON

POPULATION(thousand persoms) . - " GROWIH RATES ent_per. snnum

CREGION G U 1991 1996 - 2001 2011 - 2021 1991 1996- . 2001+ 2011-
o o o - o 1996 2001 - 2011 2021
" WHOLE KINGOOM . 56,907 60,404 63,486 68,751 73,718 ~ .. 1.2 1.0 . 08 0.7
' NORTHEASTERN 20,045 21,398~ 22,594 24,644 26,585~ 1.3 1.1 . o9 0.5
©. . NORTHERN =~ : 11,022 11,471 11,857 12,501 13,089 0.8 0.7 0S o 0,5
. SOUTHERN: . . 7,208 . 7,759. 8,251 9,402 9,917 . IR S [ IR Y} 0.9
EASTERN 3,740 4,027 - 4,282 4,724 5,147 A5 .2 1.0 0.9
_ WESTERN . 3,337 3,502 3,646 3,888 4,112 1.0 0.8 0.6 - 0.6
CENTRAL. '~ ' 2,854 . 2,958 - 3,047 3,194 3,328°° . 0.7 0.6. 0.5 0.4
CBMR oo 8,702 9,289 - 9,808 10,698 11,541 A3 0 1 08 . 0.8

THOUSAND PERSONS

20,000 4

- . Sl _ I Gy ; NORTHERN

S ..-4}-.._.—..-1)————'-""""_'-'—*'-- 'y BHR D
‘a e ;..._..--1.---—- - .
10,000 f—m e m—— — soumeN-
L y L EASTEAN .
.......... . o . i WESTERN -

_________________ _ Y il

1991 1996 2001 . 2006 2011 2016 2021

. FIGURE 2. 2 2 POPULATION BY REGION-

Future popuiation by Changwat was ca_lcu!ated bas‘ed on past trends during the '
period of 1976-1991. The population in 1992 by Changwat was omitted due 10
major changes caused by the election. Changwat popula'tion was modified by
means of population in the region as the COntro! total, as shown in Appendix 2.2-1.

Future pOpulatIOﬂ by Amphoe mfluenced by the study routes was calculated in the.
same manner as the Changwat populat;on estimation, The predicted Amphoe popu--.
lation was modified by the same means as Changwat population as the control .
total. Appendlx 2. 2 2 shows the estamated populauon by Amphoe

2, GDP GRP and GPP

Accordmg to the 7th Plan, the evera!l economlc grOWth rate is set’ at 8 2% per year

“which is lower than the actual economlc growth rate. of 10.5% durlng theé 6th Plan
period to maintain economic growth ratesat appropnate ievels Table 2. 2 4 shows GDP
and GRP growth rates up to 2011 as prepared by NESDB ' ' :
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GRP GROWTH AND GDP SHARE

" REGION

" GRP GROMTH (X per anrum)

T 19911996

GDP SHARE (%)

" 1996- 2001 2001-2006 2006-2011 in 1991
WHOLE KINGDOM - 8.2 7.9 7.0 6.8 100.00
NORTHEASTERN 5.9 5.9 5.7 - 6.1 13.13
~ MORTHERN 5.8 6.0 5.7 6.2 11.88
-SOUTHERN 6.6 6.5 6.0 - 6.4 8.78
EASTERN -12.9 1.0 8.5 7.2 B.59
WESTERN 8.5 7.8 5.8 8.5 5.35
" . CENTRAL 8.3 8.2 7. 6.9 4,69
- BMR 8.7 B.2 7.3 7.1 48.38

.. Source:. NESDB

“"As GRP in 1991 at 1988 constant prices are currently under estimation by NESDB,
they were: calculated in this study based on the GDP share by region in 1991. GRP
 at 1988 constant prices up to 2021 was calculated on the basis of GRP in 1991
-and GRP growth rates. GDP and GRP growth rates beyond the year 2011 were

estimated by means of ext

2.2,

_TABLE 2.2-5 GRP PROJECTION

rapolation. The resuits of calculation are shown in Table

(Unit: Billion Baht at 1988 constant prices)

REGION -

i 1996

2001

2m

" GROMTH RATES(percent per annum

2021 T1991- 1996-  2001-  2011-

‘ 1996 2001 20171 2021

" WHOLE KINGDOM . 2,108 3,126 4,572 8,911 16,728 a2 7.9 6.9 6.5
KORTHEASTERN 277 38 491 B6B - 1,523 5.9 5.9 -5.9 5.8
.. NORTHERN 234 309 .. 414 736 1,302 5.8 60 5.9 5.9
© SOUTHERN 185 255 349 635 1,145 6.6 6.5 6.2 - 6.1
EASTERN 181 332 559 1,188 2,299 129 1.0 7.8 6.8
WESTERN . M3 169 T T 469 852, 8.5 7.8 6.6 6.2
CENTRAL . 99 147 218 429 808 8.3 8.2 7.0 .65
BMR 1,020 1,546 2,29 8,799 8,7 8.2 7.2 6.7

4,586

GPP by Chan_gWats of Study Routes during 1996-2021 were calculated is same
manner as the GRP estimation by using GPP in 1991 and GPP growth rates as
shown in Figure 2.2-3.° '

300

BILLION BAHT AT 1988 CONSTANT PRICES

CHIANG MAL
- RATCHABURI

LAMPANG
4 PHETCHABUAI

LAMPHUN

1696

FIGURE 2.2-3 GPP PROJECTION
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GPP in 1991 were calculated based on the GRP. share by Changwat in 1991. GPP
growth rates by Changwat up to 2011 were also prepared by NESDB, as shown in
Table 2,2-6; GPP beyond the year 2011 were estimated by means of extrapolatu)n
Appendtx '2.2-3 shows GPP bv Changwat in detail.

TABLE 2.2-6 GPP GROWTH RATES BY CHANGWAT

- Unk:% per Annum)

1906 7001

1991 2006- 1991 1996 . 2001 2006-
CHANGWAT 1996 2001 2006 2011 CHANGWAT 1996 2001 2005 2011
NORTHEASTERN ‘5.9 5.9 57 61 EASTERN 129 10 85 7.2
KHON KAEN 5.8 59 58 64 CHONBURY 144 115 8.9 71
UDON THAN 56 57 58 6.3 CHACHOENGSAC a3 1o 83 7.0
LOEI ) 5.0 .52 50 5.8 RAYONG 126 nr 8.3 76
NONG KHAI 5.2 5.3 5.3 59 TRAT 125 12.0- 7.4 74
MUKDAHAN 56 5.7 56 6.0 CHANTHABURI 122 "7 7.7 7.7
NAKHON PANOM 53 54 52 58 NAKHON NAYGK 5.3 6.8 6.1 69
SAKON NAKHON 5.3 5.5 5.3 61  PRACHIN BUR 85 68 62 6.5
KALASIN 58 5.8 5.6 60 B : ‘
ROVET 5.6 87 56 6.0,  WESTERN 85 78 6.8 65
© MAHA SARAKHAM 5.7 5.7 5.8 B0 RATCHABURS 87 a4 78 68
NAKHON RATCHASIMA 65 B85 60 63 KANCHANABURI 87 78 68 64
CHAIYAPHUM ’ 6.1 6.1 5.7 58 _ PRACHUP KHIRI KHAN 7.5 7.0 6.2 64
YASOTHON 56 57 58 61 PHETCHABUR! 81 16 6.5 69
UBON RATCHATHAN] 8.7 5.8 5.8 6.2 SUPHANBURY 8.1 7% 65 6.4
5t SAKET 57 57 58 6.0 SAMUT SONGKHRAM 8.4 7.9 82 6.0
HURIRAM 6.4 6.3 58 6.1
SURIN 65 65 5.9 62 GENTRAL = 83 82 7.1 6.9
. SARABURI 107 a7 12 70
NORYHERN 5.4 6.0 57 6.2 SINGBURI 57 6.1 58 6.4
CHIANG MAJ 66 68 80 68 CHAINAT 50 54 53 60
LAMPANG 6.8 6.8 62 6.8 ANG THONG 7.4 74 56 69
MAEHONGSORN 52 5.7 52 6.0 LGPBURI 5.4 57 56 6.2
CHIANG RA! 53 57 53 6.9 AYUTTHAYA 85 85 73 73
PHRAE 5.8 6.0 5.7 62 .
LAMPHUN 5.7 8.0 5.8 5.4 BMR - a7 . 6.2 7.3 7
NAN 5.4 56 5.4 59 BANGKOK B5' ‘B0 7.2 71
PHAYAO 5.1 56 5.2 6.2 SAMUT PRAKARN % 82 78 67
TAK 6.1 €2 59 6.0 PATHUM THANI 103 0.6 8.3 7.0
NAKONSAWAN 6.3 6.3 5.9 6.2 SAMUT SAKHON 96 9.2 8.0 7.2
PHISANULOK 5.6 58 5.7 61 NAKHON PATHOM 89 as: 7.4 7.0
KAMPHAENGPHET 5.6 5.4 5.6 57 NONTHABUR 8.6 81 . 73 69
UTTARADIT 49 53 5.1 5.9
UTHAITHANI 5.6 5.7 56 5.9
SUKHOTHAI 5.9 5.9 58 6.0
PHCHT 58 5.9 5.7 6.0
PETCHABUN 42 47 47 57
SOUTHERN 6.6 6.5 60 X
PHUKET 74 7.3 &7 7.1
SURAT THAN) 7.8 7.2 63 63
RANONG 73 7.2 6.3 6.6
PHANGNGA 7.2 6.7 59 5.4
KRABI 5.3 55 53 6.0
CHUMPHON 6.7 6.6 5.8 8.1
MAKHON §! THAMMARAT 80 7. 64 6.4
TRANG 8.0 6.4 5.7 6.4
SONGKHLA 5.6 6.0 59 6.7
SATUN 439 5.3 5.1 5.9
YALA 53 5.7 55 63
PATTANI 5.4 5.7 56 6.3
NARATHIWAT 49 5.3 5.2 6.0
PHATTALUNG 5.0 5.4 5.2 6.0
Saurce : NESDB
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CHAPTER 3
" TRAFFIC DEMAND FORECAST

To forecast the ‘future OD tables and traffic demand on the national highways and the

~study routes of motorways, it is necessary first to establish the present trip pattern.
Present inter-Changwat OD tables for the whole country were established based on the
1990 0D tables prepared in "The Tol! Highway Development Study in the Kingdom of
Thailand, JICA 1991", and by applying a trip generation model using highly-associated
indicators of the 1993 socio-economic framework. Sub-zonal OD tables for sub-zones in
the Changwats of the study roctes were established based on the expanded trips of OD
data collected during three traffic surveys. Combined generated and attracted trips were

-subject to a trip distribution iteration procedure of Fratar methad to establish the OD
tables. Assignment technigues were applied to allocate trips on the national highway
network for the two cases of "with project” and "without project” to allocate future trips
to the road networks and to estimate traffic volumes on both networks.

31 'TRAFFIC sunvev

I this study, three trafflc surveys were carried out in order to investigate the
characteristics of the present trip-pattern in the area influenced by the study routes
and to forecast future traffic demand on them. The surveys aimed at trips which
have. their origin or destination within sub- zones of Changwats traversed by the -
study routes to estlmate trafflc voiumes on the hlghways and motorways with
hlgher accuracy L

311 Mobilization.

in the planning process of the traffic surveys and during the mobilization stage, the
majorlty of tasks are focused ‘on field operation planning to enable the survey work
‘to progress efficiently and to insure a continuous flow of survey data. Survey forms
are: ‘developed based on. the forms used by DOH for recording data cbtained by
surveyors in the field: the forms are almost the same as those used in the Master
Plan Study. The survey forms used are presented in Appendix 3.1-1. In addition,
field reconnaissance was first done to locate the exact and appropriate sites which
' provide data collection requirements and safety considerations dunng the surveys.
- Collected mformation from thls task mcludes

-+ Station number - ' < Road number

.- Changwat and Amphoe jurlsdlcuon - Kilometer post
- .~ Road width’ .. - Shouider width

L

. Traffic volume {15 min.)

- .Number. of |anes
' Location photos -

o "‘-:'Z_,Locatlon map
~ .~ Other remarks

—m-



3.1.2 MethOdOi.OQV B

Traffic surveys are carried-out in this study- accordmg to the same procedures
adopted in the Master Plan: Study.: The. ‘main survey:is an OD roadside lntervuew
survey to collect trip data on a sub-zona! base for intra- Changwat trips. Traffic
~ counting surveys are carried out at the same survey statmns to estimate expans:on :
.. factors required to expand the OD data on a daily base. in addition, traffic speed
surveys are carried out on the same road sectlons to get basnc data to. estlmate
-, travel tlme on. natlonal highways. - : :

1. Trafﬁc.Counting:Surve_y R
: _a Purpose :
: .:The purpose of thls survev is to determlne the dlstnbutlon of vehlcle categones m '
. the traffic flow, so that expansion. factors can be estlmated to expand the. OD data
_collected for twelve hours on a sampllng base
b, P_roc_edure :
The survey period at each station for this 'survey is twentV{fOur‘hdurs (06:00-06:0()]_ _
on the same days and at the same as the OD survey, as presented in Table 3.1-1

-and Figure 3.1-1. Manuai-counters. are used to collect traffic. composmon data in
. both directions. separately on a 15-minute base for the followmg vehncle categones

.- Tricycle (with engine). ._ - Motorcycle

- Passenger car and taxi - Light bus-
© . - Medium bus - Heavy bus '
- Pick-up ' ' - 4-wheel truck {Ilght truck}
- B-wheael truck lmedtum truck) - 10-wheel truck {heavy. truck)

- Qther vehicles {with engine)}

" TABLE 3.1-1 TRAFFIC SURVEY STATIONS

~Station © Route ‘Km. Post Changw_at ST Amphoe.Baundary.'

1. LAMPANG - DOI SAKET Route

11 9+400 . Llampang = - Lampang /Hang Chat

N-1

N-2- 11 © 88+000: ~Chiang-Mai- - Saraphi / Chiang Mai
N-3 118 13+ 600 . Chiang Mai- *~ " Chiang-Mai / Doi Saket
N-4

107 25+000 . Chiang Mai '_ : Mae Taeng / Mae Rim.
2. BANPONG-CHA AMRoute =

794100  Ratchaburi - “Ban Pong / Photharam

$-1 4 -

. 8-2 4 192+ 000 Ratchaburi - - .  Photharam / Ratchaburi
S-3 4 114 +320 .. Ratchaburi . .. .. Ratchaburi/ Pak Tho
S-4 4 154 +000 ° Phetchaburi .. .~ Khao Yoi / Phetchaburi
S-5 4

179+100 Phetchaburi  “Ban Lat / Tha Yang

-
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. .2 OD Suivey .
Ca. ' Purpose"

:.The OD survey was conducted on natronal hlghways m order to collect tnp data".
.,'requrred to investigate the characteristics of the present movement pattern of..

passengers and commodmes in.the study area

b. Zomng

Changwats in the study area were drvrded |nto sub-zones whlch represent the unit- |

of OD movements for future trafhc forecast Each. sub-zone cons:sts of severa!"f"

ﬁAmphoes and the survey statrons are located on.the national hlghways at the
-boundaries between sub-zones. OD data are collected on.an administrative- base in' -
which the Amphoe and Chengwat for each trip’s ongln and destlnatron ‘are record-
ed. The applred sub zomng system for the study area is shown in Appendrx 3. 1 2 :

c. Survey Statlons S

The crlteria in selectlng the Eocatlon of survey stations was set marnly to coIlectE -
: countlng and OD data which represent the optimum movement of passenger and: .

"'commodlty vehicles for intra-Changwat trips. In total, nine survey stations wereﬁ SRS

found to cover the requirements. of the survey in which four: survey stat|ons are -

| " located in'the area influenced by the northern motcrway between Lampang and Doi _
- Saket; and five stations for the southern motorway between _Ben F_’ong and:Ch_a Am.

id. Survey Items.

Drrvers of the following vehicles were mterwewed dunng the OD survey

- Passenger car and taxi ' - nght bus '_
- Medium bus o - Heavy bus - - :
- Pick-up {passenger) ' - Pick-up lcommodltyl

4-wheel truck {fight trugk) - - B-wheel truck (mednum truck).
10-whesl truck (heavy truckl. ' - .

Collected data durrng the survey are:

- Vehtcle category .
- Origin {Changwat and Amphoel
- 'Destination {Changwat and Amphoe)

- Load capacity - Seat capacity
- Commedity volume - - ...~ Number of passengers -
~ Commodity type T S Trlp purpose -

- Number of assistants

e. Procedure

The survey period at each station continued for the two directions of t’raf'fic for

- twelve hours (06:00-18:00) on weekdays avoiding only days with- unusual traffic-

_ charactenstrcs, during the month of Qctober-1993. Portable trafﬂc srgns and cones’
were used for trafflc control and safety purposes :
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Sampling techhiques were applied to get the target number of samples which was

“calculated for each survey station according to ADT {1992} using the following

simplified formula which is diverted from the methodology of the Department of
Transport in the United Kingdom and gives high sampling rates for low ADT and Iow
rates for high ADT W|th ax 5% accuracy rate.

Target Sample S:ze = ADT / (0.0003 ADT + 1)

-3, Traffrc Speed Survey

‘a. Purpo_se

' The purpose of this survey-is to get basic speed measurements to estimate the

travel time on each deS|gnated link of the national highways adjacent to the study
'motorways and to be used as supplementary information to review the speed-flow
relationship on main trunk_ highways directly related to the study routes.

b. ProcedUre
Survey locations were selected on different sections along all the national highways

adjacent to the study motorways as shown in Figure 3.1-1. Seven sections are
surveyed on the same days with other traffic surveys at various time periods. The

floating car method, with a minimum of three runs for each traffic direction, was

. used to carry-out thls survey. The collected data are as follows:

3.1.3

Road and section |dent|ficat|on _

- Day, date, direction and weather '

- Start and finish time = :

- Time and distance for each run

- Traffic volume for 15 minutes - ' '
(before and after. the survey for each d|rect|on)

Survey Results

All the data collected in the f:eld were flrst manually checked and scrutinized for
errors, omlssmns and ambnguous classrflcataons ‘during the coding procedure.
Next, data.were: suhject to systematuc checks which are applied through the data

_ processmg ‘stage to venfy the accuracy of codrng and the consnstency of trip data.

1. Traffic Countmg Survey
a. Trafﬂc Volume Data

A summary of the collected traffic volume and compasition data during the traffic

_surveys as well as the applied fluctuation factors are presented in Appendix 3.1-3.
Data of the Trafflc Engineering Division of DOH for permanent counting stations in

- ‘the southern area and coverage stations in the northern area were used to obtain
, _:‘-_the dally, monthly or seasonal fluctuatlon factors to be’ applied to estlmate average
- 'darly traffic volumes Excludmg motorcycles and. trlcycles estsmated average daily -

i_trafflc volumes classmed by six groups of vehlcle categones are showr1 graphically

o in F:gure 3.1 2 for the survey statmns
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FIGURE 3 1-2 TRAFFIC COMPOSITION AT SURVEY STATIONS

b Heavy Vehlcle Share

- The number of heavy vehlcles runnmg on the roads is an nmportant factor to be
considered, espec;aliy in the capacity ana!y_sus.and in t__he pavement design and
maintenance stages. The share of heavy vehicles, which 'are'heavybuSes and
medium and heavy trucks, was determlned separately based on the traff:c count
data for all the survey stations, and plotted as shown in Flgure 3 ‘1 3

Nt N2 N3 NaTTN St 82 83 0S4 IS5 S Avnage
. Survey Stations : :

[ Homy Vonicla % Light Vehicke ]

FIGURE 3 1 3 SHARE OF HEAVY VEHICLES

C. Nnghttlme Trafftc

Appendix 3.1-4 mcludes the hourly varlatlon |n traffuc vqume for aII survey stattons, .
and the share of nlghttime traffic is shown in Flgure 3 1-4. On average the ‘share of.
nlghttlme traffic is about 28. 8% of total trafftc and statlons in the northern area

had, in total, a lower share of mghttlme trafﬂc wnh an average of 21 7% wh:te the .
average for stations on Rt. 4 was 31 7%. ' ‘

—30-



N2 N4 81 §3 85 Average
- Survey Stations -

W Night Time - §53 Day Time

FIGURE 3.1-4° SHARE OF NIGHTTIME TRAFFIC
2. OD Survey
'a.""CoIIected Survey Data’

The number of actual OD samples for vehicles interviewed at each survey station is
presented in Appendix 3.1-5. The highest number was 3,623 samples collected for
.. a daily traffic volume of 25,882 vehicles at station $-1, and the lowest of 2,930
. samples collected for.a dally traffic volume of 8,541 vehicles at station N-1. Figure
3.1-5 shows that the actually collected samples were, in total, higher than the
_ estimated target samples

4~ —
o A Y 4 A Rla |

en _ T o A o

g 820 e

L L - S 1 -
/ ST . |— Target Sample 4 Actual Sample
0 10 20 30

k ' Thousands R

Trafﬁc Volume

FIGURE 3.1 5 TARGET AND ACTUAL SAMPLE SIZE
b.- Expansion_ F_a_ctors

: -'Hourly expansnon factors were applled to: supplement the 12-hour OD data on 24-

* hour trafflc volumes: and other quctuat:on factors were applied so that the bias in
“the' collected data could be ad;usted on the ADT basis’ of each road. Appendrx 3.1-8
“includes: the estlmated expansion factor for each survey road wh|ch were deter—
' mlned usrng the: followrng formu!a'“ '

T



B _‘#* = Tv*“v* | | -
. Where, g5 -a#: expansaon factor of k category vehrcles at statlon i drrectron ;,
o o Tw‘ number- of k category vehicles at station / in dlrectron Ji and
t;,k._ B sample size of k category vehrcles at statron iin dlrectlon A

e Pe_ss'ehger~vehicie MOV'e'rnent_Char_acrerlstlos___.‘

The following sections present the results of the OD survey, expanded for daily
“traffic volumes, to clarify the movement characteristics of the passenger vehicles.
"as well as the total average, and to estimate parameters to be used in the economic
evaluation procedure of the project routes, As the collected data of the medium bus.
category were very few, this category is included in the heavy bus category. The
br_eekdow'n of these results on a d_ire_ction_ell base are _pres_e_nted in Appendix 3,1-7,

1} Capacny

_ The average capacrty for the four passenger- vehlcle categones is 11.7 passengers X
at stations of the northern route, and 14.4 passengers at statlons of the southern
route, Table 3.1-2 glves the average capac:ty for the four cetegorres at each survey '

.'_statlon and the total average values : :

TABLE 3.1- 2 AVERAGE CAPACiTY OF PASSENGER VEHICLES S ':(person)
o _ _ 'Vehicle Category EEE
Station : : > _ e
No, o Passenger. Light . Heavy- o Plck’-Up Average

Car : Bus - Bus ‘Passenger

a. Lampang - Doi Saket Route

N-1 5.0 11.9 711 12.8 13.2
N-2 5.0 12.2 70.6 13.0 11.3
N-3 5.0 121 72.5 12.7 111
N-4 ' 5.0 12.0 71.2 13.0 - 11.3
Average - N 5.0 12.1 711 12.9° 1.7
b. Ban Pong - Cha Am Route _ -
§1 | 5.0 12.3 56.3 11.9 13.3
S-2 5.0 11.3 64.0 12.0 136
$-3 5.1 - 13,0 67.2 11.9 14.6
S5-4 5.0 14.5 891 13.4 16,0
.8-5 5.1 14.9 ' 63_7 13.¢ 14.9.
Average -8 5.0 129 61.3 12.6 - 144
Total Average 5.0 12.8 62.9 127 13.4

2) Occupancy

Occupancy data of passenger vehicles prowde rnput to person kliometers of travei .
and modal chorce models which are normal!y used in comprehenswe transportatlon
studies, and these data are used here n the economlc evaluatron procedure of the
project routes The average ‘values for each category of passenger vehlcles are
presented in Table 3. 1 -3 for all survey station. . . '
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TABLE 3.1-3 AVERAGE NUMBER OF PASSENGERS : co o {person)

L Veh:cle Category .
: No o .o Passenger - Light - Heavy = F‘lck -up Average
S . Car ..  Bus. -Bus . .Passenger

o Lamg ng - Dou Saket Route

N-1 2.5 - 6.8 54.9 2.8 5.7
N-2 2.0 4.4 40.8 2.7 3.8
N-3 2.3 6.4 61.8 2.7 4.1
" N-4 2.3 8.1 65.4 2.6 . 4.0
Average -N: = . 2.2 6.9 51.5 2.7 4.2
b. Ban Pong - Cha Am Route " _
S 2 3.2 27.5 2.9 4.5
- 52 2.1 4.6 38.0 2.5 . 5.1
S-3 2.4 6.6 34.3 2.8 5.4
S-4 2.4 3.7, 30.8 2.7 6.1
S5 2.4 5.2 31.6 3.1. 5.3
Average - S L2.3 4.7 32.0 2.8 5.2
2.2 5.5 - 35.2 2.8 4.9

e » Total. Aver_age S

3 'Trip PurpoSe

“Trip purpose is classmed :nto four types to/from work, private trip, tour and others.
As only drivers of passenger cars and pick-ups were interviewed during the traffic
'survey regarding their trip purpose, Table 3.1-4 presents the average percentage
for the tnp purpose of passengers at each survey statlon

. TABLE 3 1- 4 TRIP PURPOSE OF PASSENGER VEHICLES S %)
o . '7 " ‘Passenger Car - . Pick-up Passenger
. Statlon' o : . : :
-~ No. - © Work ‘Private Tour  Other Work  Private Tour - Other

" a. Lampang - Doi Saket Route
-1 - 343 4856 15,

N 50 2.1 476 425 8.1 1.8
N-2 - 490 405 90 1.4  53.2 378 58 3.2
“N-3 . 485 436 5B ' 2.6 485 404 9.0 2.1

- N-4 53,2 380 7.7 1.0 50.7 449 37 0.7

_Average N : 46 6 428 87 1.9 50.1 41.6 6.4 1.9

b, Ban Ponq Cha Am Route S - _

81 . 546 422 3.2 0.0 597 380 20 0.3
5-2 51.9 453 2.7 . 0.0 54.56 438 1.7 0.0
8:3 5156 422 6.0 .0.3 545 423 3.2 0.0
S-4 50.7 '38.3  7.2° 3.8 520 420 39 2.1

-8B 41.3 459 80 48 . 47.2 440 5.7 3.1

- Average - S.. 48.4 430 61 2.4 519 430 37 14

Total Average 476 42,9 7.4 21 509 422 62 17

d Commodny-Vehche Movement Characterlstics

- 'The average values of expanded dally trafflc data re!ated to the movement and

x 'loading characteristics “of commodlty vehlcles are presented in the following sec-
 +tions separate!y for .each of the survey:. statlons whlle Appendlx 3. 1 8 glves these
' 'resuits for each dlrectlen of trafflc separately :
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=i capacity

. The average: capacrtv in tons for the four categones of commodlty wvehicles inter- .

. viewed:during the 0D survey is presemed in Table 3.1-5 at all survey stations.

~Capacity’ values did not differ too much in ‘either area, with a total average capacnv
of 7. 26 tons in the northern area-and 7. 84 tons in the southern area

2) -Payload '

'The payload is esumated apprommately acoordmg to the: proportaon of loaded
volumie to total capacity in tons. Table 3.1-6. gives the estimated values of the
. average payload for-each of the four categories of commodity vehicles, excluding
. empty vehicles, at each survey station. The average payload per commodity vehicle
was 4.02 tons which gwes a loading rate of about 52% in average.

TABLE 3.1 5 AVERAGE CAPACITY OF COMMODITY VEHICLES o fton)
- ' ‘Vehicle Category '
Statlon- . — : ; — -
No. - ' Plck -up’ L. Truc_k M Tru_o_k o H_. Truck - - Average
a. Lamoanq Dor Saket Route ' R o ' .
N-1. 1.49 3.00 3.62 11.569 +8.98
- N-2 1.50 3.06 7.50Q° “11.29 7.51
~N-3-. . .. ..1.80 - 3.00 7.74. - 11.04 . 6.39
"N-4 1.0 3.33 7.64 10.79 ©05.27
Average 180 312 7.62- A1.34 . 7.26
b_Ban Pong Cha"Am Route A - B .
s1- 1.23 3.51 6,29 10.56 6.68
S-2 1.23 7 3.7 6:24: - 10,77 7.90
S-3 - - 1.7 3.26 -.6.02 10,04 7.64
S-4 1.48 .3.10 - 760" 12.83 8.74
'5-5 - 1.60 3.31 . . 7.80. 13.24 9.05
. Average -'S. 1.31 - 3.41 . 6.86 1134 784
Total Average 1.35 3.36 _ '_7'.11" 1134 774
TABLE 3,16 AVERAGE PAYLOAD OF COMMODITY VEHICLES _ fton) _
. - Vehicle Category L R
Station . —— '
No. - ' Pick-up L. Truck - M_._Truok.: . H.Truck - Average
- a. Lampang - Doi Saket Route . : ' ' '
N-1- - 0.81 C .77 3.52 6.86 5.02
N-2 0.33 3.36 5.65 3.60
N-3 . 0 86 0.87 3.22 4.41 2.61
~ N-4 - 0.93 1.46 3.33 4.65 02,38
Average - N' 0.88 - 0.98 3.34 5.88 3.52
b. Ban Pong - Cha Am Route _ o E 3 -
S-1 0.61 1.69 2,96 4.83 ©3.09
S-2 0.62 1.82 . 291 . - 4.66. -.3.48
8-3 0.62 1.41. - 2.51 4.41 3.36 .
S-4 0.82 - 1.26 3.85 . 8.756 - 559
S-5 0089 . 138 . 389 - 922 - 15.92 -
Average - S 0,70 = -:1.68 3.29 6.10 413
Total Average 0.7 1.4 331 6.0 4,02 -

qw
1~
|
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3) Embt\) \..v.ehic'ie_g
: Téble'_'3-.1—7 gives the“pé‘rt’:entage of-erﬁpty- vehicles for th_e four categories of
-..=cqmmddity_v§hic’es anq tﬁe 'avgrage‘ forfhe‘ total of.'t.wo direFtions.
E 4) _ AQeréQe Number_of-A-s.si.s'ténts
i’abie 3'.1».8. .gi\;fe.s the; a\ie.rag.e number of assistants for the foﬁr r.:éte'gories of

commodity vehiciés with an average of 0.61 person in the northern area and 0,50
person in the southern area.

 TABLE3.1-7 PERCENTAGE OF EMPTY COMMODITY VEHICLES (%)

- e Vehlcle Category
-S_tatio’n — — -
_ Np. ' D PiCIc-up L Truck-_ M _Truck_ . Hi Teuck: Average
a. Lampang - Dm Saket Rout S R
N-1 361 327 . 43.2 37.8 39.0
- N-2 L 22.8 88.6 ' 4.0 446 41.8
N-3 29.9 - 83.5 - B3.2 56.3 50.9
N-4 - .- 18.9 61.1 48.0 51.7 41.3
Average -N ' 24.8 . . 67.0 47.2 43.8 43.0
b. Ban Ponq Cha Am Route
S-1 276 28.3 37.5 421 36.0
S-2 32,7 . 36.4 41.5 48.0 ' 43.5
o83 248 .0 - 40:8 - 44,1 “45.8 41.8
- Sa . 228 .. 464 - 386 . 264 . 296
- 8- T 24,3 41.4 : 39.9 - 2865 - 29.3
 Average-S 268 346 399 . 383 361
Total Average 265 . 408 . 423 395 37.4
A TABLE 3 1 -8 AVERAGE NUMBER OF ASSISTANTS . (person)
' " Vehicle Category -
Statio_n - : .
No. : Pick-up L. Truck M. Truck H. Truck Average
‘a. Lampang - Doi Saket'Route
N1 0.83 0.85 - 0.79 0.64 0.71
‘N-2 0.74 - 0.65 . 0.59 0.57 0.62
N-3 .- 0.49 0.79° 0.63 0.41 0.54
N-4 0.50 . 0.79 0.63 - 0.63 0.57
_ Average N- . 0.65 0.73 0.60 0.58 . 0.61
I Ban Pong - Cha Am Route’ _
s 045 058 . 050 036 043
8-2 61 . .04 - 0,69 - 0.35 0.44
.83 : 0.72 .0.50 0,68 0.33 0.44
.84 063 .. -. 083 . . 0.85. - = 0.69 0.72
&5 - 043 . 066 . 060 _ . 054 0.63
' Average § .. 054 .. ' 088 - 062 " | 044 0.50

:'TotatAverage 056 . 061 .062 . 045 052
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4) Commodity Distri'bUt:irJn

- Thé total number of 23 .commodity types, according to the classification of the Land
“Transport Department {LTD} is. grouped. mto four different categones. 1} agricultural
" products, 2) construction materials, 3} manufacturmg products, and 4) other
products. Figure 3.1- 6 presents the percentage of estimated cemmodrty share for
each group at the survey stations for the total of two directions of traffic.:

-100
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Others
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" FIGURE 3.1-6 COMMODITY DISTRIBUTION
3. Traffic Speed Survey

Traffic speed surveys were carrred out at seven locatlons on the natronal hrghways
"in the northern -area and at six locations in the southern area, selected based on the
location of the OD and traffic counting surveys Locatron and average results of the
speed survey are presented in Appendix 3.1-9, white Frgure 3.1-7 shows: the gener- -
al trend of speed in accordance with the hourly traffic volume. If ¢an be noticed that~
speed measurements are nearly equal in genera! for the surveyed sections, either for
2-lane or 4-lane highways, except for Rt. 106 which runs mostiy in populated
surroundings. Speed on the mountainous sections aiso have the same: hrgh values
due to the existence of a clrmbmg tane for slow traffic.
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3.2 PRESENT AND FUTURE OD TABLES
3.2.1 Methodology for Establnshment of Present oD Tables

Present OD table for each vehacle category is basrcally composed of inter-Changwat

- trips for the whole country and sub-zonal trips for Changwats traversed by the

~ study routes as clarified in the zoning system in Appendix 3.1-2, Followmg sections

' __'present the methodology appiied to establish the different components of the
present OD table - :

1. Inter-_Changwat Trips

" As the OD survey was planhed to collect OD'sampIes on sub-zonal base in the
_ Changwats traversed by the study routes, ‘the trip generation and distribution pat-
tern of the 1990 OD table establlshed in the Master Plan Study was utilized as the
. basis of the 1993 OD table. The developed trip generation model was applied to
. estrmate the trip. generatlon of 1993 based on the 1990 trip generation and by wtiliz-
~ing’_the values of sectoral GPP of the 1993 socio- economic framework. For the trip
dlstrabunon procedure Fratar method was apphed in accordance with the 1990 trip
o dlstnbutron pattern. Due to smprovements in the hrghway network between 1990
- and 1993 an induced trlp model was applied to estimate produced trips which were
added to the 1993 inter- Changwat trips. The structure of the trip generation model
and induced trip model is presented in followmg sections whlle Figure 3.2-1 shows
the flow. chart of the methodology used in thls stage. -

1990 Inter-Changwat OD Table
1990 GPP/Sector| |19%0 Trip Generation 1290 Trip Distribution Pattern
T . - T

! R

<<3Prip'Generation Mode{:>'

' iBQS’GPP/Séotof I S P Trip'Générétion—————. Fratar Metho;:>
| |
1980 Highway - 1993 Inter-Changwat OD Matrix

Network

Produced Trips >

1593'Highway . e
Network. . o 1993 -Inter—changwat OD Table

FIGURE 3. 2 1 ESTABLISHMENT OF INTER CHANGWAT oD TABLES - 1993

- 2 Sub zonal Tnps |
The Changwats tra\rerse'd by the 's'"fudy’ routee were divided into sub-zones and t!’anIC
survey was carried out at boundanes between these sub- -Zones. The overall procedure
is presented in the flow chart of Frgure 3.2 2 :

-



IOD Samples by Survey Stat1on|

|Expan91on of oD Samples} -————+ADT by Survey Stationi.; .o T

- |sub-zonal OD Matrix

i by Survey ‘station

e Comb1ned Sub-zonal: OD Matrlx ' t1993 i [0 1983 0

. for covered gub-zones - nghway'Network L Sub~zone.Popp1ation
o E— - - T

su lement of oD SERR— .

pﬁatrlx for i3 - /Gravity Model> -

uncovered sub-zones o oo e L
T N

1993 _Sub- zonal oD Table

FIGURE 3 2 2 ESTABLISHMENT OF SUB ZONAL OD TABLES “ 1993

‘ : '_ 'Collected OD samples at survey statlons were. expanded based on the counung _
i survey results and estimated ADT, to produce OD' table for known OD pairs of each
_ _survey statmn OD tables of all stations were. combmed and supplemented by trips

. _"estlmated through a gravrtv model for unknowu 0D pairs. of uncovered sub-zones.

' ) The grawty model, which is based on the sub zonal populatlon and hlghway net- -
work has the followmg form - : :

ST, = altRrIDE

: number of trlps from sub-zone / to sub -zone j

where, le
: P. i population of sub-zone /
P, - population of sub-zone j
o distance between sub-zones / and Jin km
a, b & é : parameters w:th the values:
568 b =0836 ' ¢ = 250
3. Zonal Trips

As shown in Figuré 3.2-3 of the establishment of the combined OD table of zonal
trips, it is composed of components produced through the inter- -Changwat and sub-
zonal OD tables.

|1993  Inter-changwat oD Table| . 1993 Sub-zonal 0D Table|
I — _ :
l Matrix A l [ Matrix B 1 l'Matrix o !: I Matrix - D l l_Matrix B ]
Amphoe Trip tod ' : >{Control Tot315Check]
Generation| ! o : : 'l :
l MatriT B, _, l‘ l Matrix Dg .

| -
[n1353hgonqlroD Tablg;l,h..

FIGURE 3.2-3 ESTABLISHMENT OF ZONAL OD TABLES - 1993
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_7.‘.1Component matrices of the combmed zonal OD table are clanfred in Figure 3.2-4
' '-and can be defrned as follows: :

_ Inter—Changwat oD Table is divided to: ‘ _
- Matrix A: trips between Changwats other than those of a study route. .
- Matrix B: trips between Changwats of a study route and other Changwats'
_ " - Matrix C: trips between Changwats of a study route
" Sub-zonal OD Table is divided to: ' _
- - Matrix D: trips between sub-zones in two Changwats of a study route
' ‘{inter-Changwat inter-subzone trips) =~
- Matrrx E: trips between sub-zones in one Changwat of a study route
' (mtra Changwat mter—subzone tnps) ' S

'Zonal OD Table is combmed of

- - Matrix A :
- Matrix B, ,: trips between sub -ZONEs in. Changwats of a study route and other
. Changwats
- Matrix D‘ : calibrated trips between sub -ZONEs in two Changwats of a study
L " route.
-MatrixE
- Destination .| - - Changwat of st_ud'y:routcs*) |- Changwat other than that of
NG e S studyroulcs
- q Changwat Changwat
Origin eV ' 2

Sub-Zone! Sub-zonc | Sub-zone | Sub-zane

Changwat :;2?‘1-8 '
of . ;
“Istudy

routes*)

Chang| 2
fwat

Changwat other than
that of study routes

WE ChnngMaJ La.mphun [.ampang Ratchabun&Phetchabun
FIGURE 3. 2 4 COMPONENTS OF COMBINED ZONAL OD TABLE
- 3.2.2 Methodology for Establrshment of Future OD Tah!es .
1. Target Years .' = -
. To predlct future Ob tobtes and prepare future road. nettrvor'ltsvfor. t'raffrc assignment,
target years were determined based on the tentative implementation plan presented

~in Figure 3.2-5 for the two study routes taklng into account the different requrred
-_stages of mplementatron ' :
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Year' | Yf*””tses'-*3394‘{’3556”f1§ée‘333ﬁ§§i;‘ 1993'f"1999 2000
L S 1 1 . Fl - IR I .
! T 1 T —

_4
fi S

Task; : : , R
Feasibiity. Study e L
Preparation L et
Detailed Desmn SR = R

Canstruction

Operation - UL : Ix

FIGURE 3 2 5 TENTATIVE IMPLEMENTATION PLAN

Based on the above schedule for mplementung the two study routes and assummg a" '
 life-span of 20 years for the project routes, the target years were determmed to be
" as follows ‘ SRTTIE S RO

' Operatiﬁg._Year:- S 20'0'0"-_. e
Intermediate Year: 2010
' Life-ébah Year: 2020

2. Procedure .

Figure 3 2 6 presents the flow chart of the. methodoiogy apphed to estabhsh the
future OD table for each target year Target year parameters of sectoral GPP m the

|Target Year| - i - R 1.9'9?;,."'_2611.31 oD Table o
/|GPP/Sectox [ . .. e o

B

— Trip Generation M'ode1>if REEE

=

~calibration -f-i‘oé'e'1>__ S

Target Year Changwat|
Trip Genera't_i'on__

| PO, Target: Year ", :
: : Amphoe Populatlon .

Target Year Amphoe — ><f'_1"atéf 'Mé't:'hdd>'
'I_‘rip Generation’ : : : I -
TérQét Y_ear. oD Table
: "{Normal Trips)

puture | * |Target ‘vear|
Development p—————>{Development EEEma e
Plan ' " Trips :

: : . : 'I‘arget Year OD Table
1993 _ L (Development Tnps)

Road Network -—l T
|

> Target Year |—————end 7

Target Year . :|Induced Trips : ' : —
Road Network _ — — 'I‘arget Year oD Table :
- : T e e (Induced Trlps)

' FiGURE 3.2- 6 ESTABLISHMENT OF FUTURE OD TABLES k .j":
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future socio- economic framework were applied to the trip.generation model to
. estimate. future. lnter-Changwat trip. generation. For Changwats traversed by the

. study routes, future Amphoe populatton was used to breakdown Changwat trips
_into sub-zonal trips.. .

323

Trips predicted for each vehicle category through the trip generation model were

- calibrated using the principal component method for the total of passenger vehicles

and commeodity vehicles. Fratar method was applied for the trip distribution proce-

~dure to synthesize the future trip interchange magnitudes and to overcome imbal-

ances in the trip. drstrrbutlon so that interchanges ultimately balance by direction.
Added to the basic  OD table are the development trips gensrated by future devel-
opment plans and induced trips due to improvements of the highway network,

‘either widening or construction.of new roads, and construction of motorways.

induced trips due to the constructlon of the study routes are added only in the case

of "wuth pro;ect

Trip Generation Model

1. Model Structure

The trip generétion model developed in the master plan study is used in this study
to estimate the present and future trip- generation. Parameters for different vehicle

. categories were reestimated based on the data of GPP by sector which are the
~ highly associated independent variables for generated inter-changwat trips, The

used values of GPP by sector as-estimated in the socio-economic framework of the

study are presented in. Appendtx 3.2-1. As the changwats of BMR have extremely .

high economic parameters comparing. with other changwats, they were: treated
independently in the model when applied for other changwats. In this process, a

. unit value was applied for each parameter of the BMR changwats which means
- .dummy BMR The model has the form

where, _ T, : number of trips for vehicle category &

: GPP1--2&: ..+ GPP of sectors 1 (agricultural), 2 {industrial) and totai GPP in
- 70 million Baht
- a b c d&e . : parameters which have the followmg values for each
S . - - vehicle category: :
o : - : Multiple
© Vehicle.  a . b e -d e Correlation
Category - _ Coefficient R?
PC. © 0.0 - 0.2621 0.0 2,486 842 0.952
LB. 0.0 0.0 0.0163 .0 183 0.826
HB -~ -~ 0.0477 0.0830 0.0 0 40 0.955
PP . 0.3393. 0.1015 0.0 908 401 0.815
kT 0.2104 - 0.0618 0.0 1,110 . 821 0.787
MT - 0.0764 0.0683 0.0 1,834 241 0.930
0.10 0.0 3,856 -108 0.748

HT © .0.3412

' -2."'ModelfCa!ibrétion

The pnncrpal component method was applled for the purpose of. calibrating the total
of passenger and commodlty vehrcle trips generated through the tnp generatlon

.';..-'4__lw- 4-



E coeffrcrents as in the direct application of multrple regressron analysis, generated-

model for each vehicle: category ln thrs method, whlch avords producing negatwe

trips-are applred as control totals for’ the two groups of passenger and commodity

vehicles. The formula is also based on the same. highly- assomated parameters of

: GPP by sector as follows. .

z= 'GPP +a, *GPP a3t GPP

;.
" where, T Zf L first prrncrpal component score for zone's -
o _Gl?l?'1i2 aa ¢ GPP of sectors 1 lagnculturall 2 lrndustnal) and 3 (serwces)
SR ~in million Baht _ .
' ‘-’1..2.&3-. & parameters with the values,. ' o o
o ' --03911 '2 05474 06541-'

| 3.2.4

-Contrrbutton ratio of frrst pnncrpal component 72 5%

The first prmcrpal component score Zis applled in the followrng formula rn order to
esttmate the number of generated trlps per vehicle group for each zone

C =.a*Z?’
! . ) ]
:'wh'ere, S ';. C'. ': number of generated tnps per vehlcle group
' & & b. . parameters with the values e e DI
- Passeniger vehicles:. . - 0 6384 : _b = 0.9970

. Commodity vehioles:. A= '0:2198 - b = 1.0623

‘Methodology for Estrmatron of Induced Tnps o

‘Induced trips to be added to future OD' tables in this study are those trrps whlch are

produced in the case of "with project” due to the rmplementatron of each one of the
two study routes, lnduoed trips were esttmated accordrng to the methodology
shown in Figure 3.2-7. :

Future Road Neétwork| ~ =~ - Future Road Network
'"without project" : <o ."with project"
i ]
Inter-zonal Travel ' ... jInter-zonal Travel
Time Distance Time Distance

<I'ndu_ced ‘I‘r:"Lp'Model- >

"|Induced Ratel -
' Matrix - |-

*fe—————] Future oD Table|

Future Induced
0D Table -

FIGURE 3.2.7 ESTABLISHMENT OF INDUCED OD TABLES
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