r oo -
LR RV RN

et

e

R T
Y ;—‘! \.,l'_"\ w-a\m"“ “

.

W2

b

*u[

NT

bt

a -
]

RODUCTION







CHAPTER 1

INTRODUCTION

1-1 STUDY OBJECTIVES

One of the major stresses in the current National Economic
and Social Development Plan (1977 ~ 1981) is to reduce the
economic disparities among regions. In line with this
strategy, efforts have been made to decentralize basic
infrastructures and social services to stimulate the eco-
nomic activities in the less developed regions. It is en-
visaged that the next Five-Year Plan (1982 -~ 1986) will
continue to materialize the same strategy as before.

In the Northern Region, further development of rural
infrastructures is demanded in order to attain the balanced
regional development putting emphasis on the agricultural
diversification together with the moderate urbanization.

In this context, it is quite important to establish suffi-
cient networks of roads which link socio-econamic centers
each other and access to isolated areas with high develop-
ment potentials.

Under such background, the Department of Highways (DOH) has
contemplated to conduct a study to identify the further
requirement of road development in the Northern Region aim-



ing at, in particular, picking up of priority projects to be
enlisted in the next Five-Year Plan. In response to the
request by the Royal Government of Thailand, the Government
of Japan decided to cooperate with the Thai Government in
carrying out of the said study {hereinafter referred to as
the Study). The Japan International Cooperation Agency
(JICA), the official agency responsible for implementing the
technical cooperation programs of the Govermment of Japan,
despatched a fact-finding mission, headed by Mr. T. Nakano,
to Thailand in December 1979 to make a preliminary survey
and to formulate the scope of works for the Study.

The Study consists of two phases: Phase I (Master Plan) and
Phase II (Feasibility Study on Priority Projects). For the
Phase I Study, JICA organized a study team, headed by Mr. M.
Tohi and composed of experts of Nippon Koei Co., Ltd. and
Katahira and Engineers Inc., and commenced the Study in June
19840.

The major objectives of the Phase I Study are summarized as

follows:

- To identify needs of the road development in the
Northern Region from the viewpoint of regional
development, and

—- To establish a priority order of the road routes
identified and to select priority routes to he
recommended for further feasibility studies.

The roads subject to the Study include national highways,
provincial roads and major rural roads. It is of urgent
requirement to identify major rural road links which will
form an important feeder road network in relation with the
ongoing Route 11 and Route 1142.



The Department of Highways completed recently the Studies of
National and Provincial Road Network in Thailand (SRNT). In
the SRNT, screening study has been performed for all improve-
ment projects of existing roads and currently proposed
projects, and their priority order has been established.
Referring to the results of the SRNT together with its paral-
lel study, DOH has drafted up a new Highway Sector Plan

{1982 -~ 1986). In the draft Plan, a lump sum provision is
reserved for about 3,300 km of not-identified routes. Such
being the case, an immediate objective of the Study is to
provide an indicative list of priority projects of about 300
km in the Northern Region to fulfil a part of the said lump

sum provision.
1-2 STUDY SCOPE AND FRAME
The Phase I Study consists of three major parts:

- Analysis of regional characteristics, including

assessment of area potentials,
- Identification of routes to be proposed, and

- Evaluation of routes for short/medium term program,
including recommendation of priority projects for
Phase II Study.

In line with the development target derived from the analysis
of regional characteristics, priority links to be considered

are to bhe examined.

Identification of routes is worked out theoretically at first,
and then they are screened referring to additional information
obtained from DOH and field reconnaissance. This screening
process may remove from further studies those routes which are
committed by international lending agencies as well as DOH's
own budget for implementation within the next five-year plan



period, and also those routes which are judged, prima facie,

not feasible due to physical constraints. The routes thus
screened are grouped, based on the DOH's policy, into ghort/
medium term program and long term program. Priority ranking

for short/medium term projects is worked out through a pre-
feasibility level evaluation. Finally, a project package is
selected, based on the discussions with DOH, for further
feasibility study in Phase II. It is expected that priority
projects will be selected among the said package for implementa-
tion during next five-year plan period.

Throughout the processes of route identification and evalua-
tion, analyses are based on the condition that all roads
currently committed be completed within the next five-year
plan period, in other words, before the base year of the
evaluation of this Study.

The conceptual flow of the Study is illustrated in Figure
1-1, showing crucial events together with analytical activi-
ties required.

This report which presents the results of the Phase I Study
consists of the following volumes:

Volume 1 : fText
Volume 2 : Appendixes
Volume 3 : Drawings

1-3  ORGANIZATION FOR THE STUDY

The Study has been carried out by a team of experts under
the supervision of the Steering Committee, consisting of
Japanese government officials, organized by JICA. 1In carry-
ing out the Study, the Study Team has kept close collabora-
tion with the Counterpart Teanm organized by DOH. The
organization for the Study is illustrated in Figure 1-2.



Figure 1-1

Figure 1-1 CONCEPTUAL FLOW OF THE STUDY
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CHAPTER 2

THE REGION

2-1 LAND AND ECONGMY

Thailand has total land area of 514,000 square km. Its popula-
tion has grown at the average annual rate of 2.7% during the
period of 1970-78 to reach 45,098,000, or 88 persons per square
km in density as of 1978. The country is in rainy season dur-
ing the period from May to October and about 90% of annual
rainfall concentrates in this period. The annual rainfall is
less in the North and more in the South, but temperature is
more or less the same throughout the country except some
Northern parts which record relatively low temperature in
winter. Mountain ranges occupy the considerable part of the
Northern region and extend to the Malay Peninsula along the
border with Burma, while a sizable flood plain covers the
central part of the country. The country has two major river
basins of the Chao Phraya and the Mekong. The Chao Phraya
river has its origins in the Northern region and flows into
Siam Bay. Sixty percent of the national land is capable of
cultivation and 35% is actually cultivated.

Thailand has sustained an aggregate Gross Domestic Product
(GDP) growth rate of nearly 8% during the 1970's in spite of
the negative impact of the oil price increase. In 1978, the
amount of GDP reached 477 billion baht or 10,607 baht per



capita. Its percentage distribution by sector is shown in the

following table.

Percent Distribution of GDP by Sector

Sector 1970 1978
Agriculture 28 28
Mining 2 2
Manufacturing 16 18
Trade 19 20
Construction & Services 35 32

GDP 100 100

Source: National Economic and Social Development
Boards (NESDB)

Agriculture, which absorbs 76% of the total employment,
accounts for 28% of the total GDP following after the construc-
tion and services. Unlike other developing countries, relative
contribution of agriculture to GDP has not declined. So far,
rapid farm land expansion, though it became dull in the latter
half of 1970's, has been a main factor responsible for sustain-
ed increase in agricultural production. It is ranufacturing
sector that attained the largest relative increase in the sec-
toral contribution to GDP. This trend will continue in future.

Population and economic activities are extremely concentrated
in the primary city, Bangkok. Degree of the primacy 1s the
highest among the developing countries. Out of the total na-
tional population, 17% is "urban", and 62% of urban population
live in Bangkok. Bangkok accounts for 29% of GpP, 38% of non-

agricultural GDP and 79% of the GDP originated from the sectors
of banking, insurance and real estate.

Regarding administration structure, the country comprises 72

Changwat. Bach Changwat is divided into more or less ten



Amphoe and each Amphoe is sub-divided into several Tambon which
is a group of Muban or villages. Urbanized parts of Changwat
are called municipal areas. Another area unit which is used
quite often is "region" though it is not official administra-

tive unit. The country is divided into Northern, Northeastern,
Central and Southern regions.

The Northern Region occupies 170,000 square km or 33% of the
national land. It extends over about 600 km to the North-South
direction and about 400 km to the East-West direction. It is
an almost rectangular land-locked area surrounded by Burma to
the Northwest, Laos and the Northeastern Region to the East,
and the Central Region to the South. Its southern end is still
170 km away from the nearest coastal line at which, Bangkok
situates. Northern half of the Northern Region or so-called
Upper North is a mountainous area while its Southern half or
so-called Lower North is covered with flood plain which extends
from the Central Region.

Annual average rainfall in the Northern Region is about 1,200
mm, which is sufficiently enough to have verdant forest and
single cropping of rice. It varies within the Region ranging
from 950 mm in Tak to 1750 mm in Chiang Rai.

The Morthern Region is the largest in total land but second in
capable and third in cultivated land asobserved in the follow-
ing table. Due to its topography, the capable land area is as
low as only 42% of the total area in the Northern Region
compared with high share of 76% in the Northeastern Region.

On the other hand, the Northern Region accounts for 48% of the
national reserved forest, while regional land area is one-
third of total land.



Regional Land Use

Area (1,000 sg.km) Percent Distribution

Capable ", +o9 wpotal ©8P2 vated
Total Land Land Land Land
Whole Country 514 308 182 100 60 35
Northern Region 170 12 33 100 42 23
Northeastern Region 169 129 74 100 76 44
Central Region 1p4 63 48 100 61 46
Southern Region 71 44 21 100 62 30

Source: 1) Department of Land Development (DLD}, Land Capability
Area, 1980

2) DID, Statistics on Land Utilization by Changwat,
1974-76

Relative position of the Northern Region in the national economy
is demonstrated in the following table. Whereas the Northern
Region shares 21% of total national population, it shares only
14% of GDP due to the region's low aggregate productivity.
Looking at industrial-mix, the Northern Region is predominantly
agricultural compared with the rest of the country even exclud-
ing Bangkok. On the contrary, contribution of manufacturing
sector to GDP is much smaller in the Northern Region than other
parts of the country.

The share of the Northern Region in agricultural production,
crop production in particular, shows some decline during the
period of 1970-78, presumably because topographic conditions of
the region results in relatively slow éxpansion of agricultural
lands. Being predominantly agricultural, relative decline in
agricultural production together with further concentratjon of
non-agricultural activities in Bangkok and itg surroundings
leads the Northern Region to relatively low share in total gpp.
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Relative Position of Northern Region in National Economy

(%)
Shar
Nortiegﬁ Sectoral giitribution:
Region 978
) Thailand
1970 197g Morthern Thai- T, 1g)
gion an Bangkok
Gross Regional Product 15 14 100 00 100
Agriculture 24 23 45 27 37
Crops 28 25 36 20 27
Livestock 21 21 5 3 4
Fisheries 3 3 1 3
Forestry 30 34 3 1
Mining 18 10 2 2 3
Manufacturing 8 7 9 19 17
Trade 13 13 18 20 19
Construction & Services 12 12 26 32 24
Construction 15 12 5 6 4
Electricity & Water
Supply 38 42 3 1 1
Transportation
& Communication 10 10 4 6 5
Banking, Insurance
& Real Estate 4 6 2 1
Ownership of Dwellings 9 10 1 1 2
Public Administration
& Defense 13 14
Services 11 12
Population 22 21 - - -

Source: NESDB

Population of the Northern Region is 9,544,000 or 21% of the
national total in 1978 {See the following table). Annual rate
of population increase of the Region is 2.4%, which is lower
than national average. The Northern Region is, therefore, an

out-migrated area. One reason for this is a limited capacity

11



of the Region to absorb population due to its topography. 1In

fact, the Northern Region ranks second after the Southern
Region in terms of population per cultivated area, although

it is the lowest in population density among regions.

Regional Population (1978)

Annual Rate
Population Percent of Increase

(1000 persons) Distribution 1970-78

Whole Country 45,098 100 2.7
Northern Region 9,544 21 2.4
ﬁ;;theastern Region 15,941 35 2.9
Central Region

excld. Bangkok 9,319 21 2.0
Bangkok 4,736 11

Southern Region 5,558 12 2.6

Source: NESDB

Regional Population Density (1978)

(persons/kmz)

Population Per:

Total Area Cultivated Area

Whole Country excld. Bangkok 79 222
Northern Region 56 245
Northeastern Region 94 215
Central Region excld. Bangkok 91 201
Southern Region 78 265

Source: NESDE

Ancther reason for out-migration is low income level, Income
disparity among regions is quite large in Thailand and the
Northern Region ranks the second lowest with the per caplta
income of 6,445 baht or 65 percent of the national average in
1978. 1In general, the income disparity was reduced during
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the period of 1970-78, especially due to relative decline of
income level of Bangkok (See the following table). But, rela-
tive increase of per capita income was remarkable only in the
Central and Southern Regions keeping the Northern Region and
the Northeastern Region declining its relative position in
income level.

Regional Income Disparity (1970-78)

Per Capita
Income

1970 1978 1970 1978 1970 1978

Index Index

Whole Country 3,741 9,850 100 100 128 -125
Whole Country excld.

Bangkok 2,917 7,863 78 80 100 100
Northern Region 2,590 6,445 62 65 83 82
Northeastern Region 1,685 3,962 45 40 58 5Q
Central Region excld.

Bangkok 4,734 14,547 127 148 1s2 185
Bangkok 12,145 26,781 325 272 416 341
Southern Region 3,743 10,277 100 104 128 131

Level of urbanization is still very low in the Northern Region
as elsewhere except Bangkck. Out of 120 municipal areas of the
country, the Northern Region has 24 municipal areas with urban
population of 630,000 in total (See the following table). It
is at most 7% of the total regional population. Municipalities
with more than 50,000 populations are only Chiang Mai, Hakhon

Sawan and Phitsanulok.

13



Regional Urban Population (1977)
Pgrcaqt . Ratio of
Urban Distribution Urban
Population of Urban Population
Population
Whole Country 7,591,620 100 17
Bangkok 4,742,774 62 100
Whole Country excld.
Bangkok 2,848,840 38 7
Northern Region 628,530 8 7
Northeastern Region 647,614 9 4
Central Region excld.
Bangkok 946,703 12 10
Southern Region 625,939 8 11

Source: NESDB

As administrative units, the Northern Region has 17 Changwat,

153 Amphoe, 1,214 Tambon, and 10,431 Muban.

The location and

population of them, up to Tambon level, is shown in Appendix

2-1 and Drawing 1.
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2-2 AGRICULTURE

Similarly with other developing countries, agriculture is most
important in Thai economy, especially on account of its
contribution to self-sufficiency in food and employment absorp-
tion. Thailand is 100% self-sufficient in food, and 65% of its
population are absorbed in the agricultural sector. Besides,
special attention should be paid to the fact that Thailand is
one of the few food-exporting developing countries. Agricul-
tural exports account for 52% of the total exports in 1977/78.

Major crops produced in Thailand include rice, maize, cassava,
beans and rubber. Five these crops in total account for 63% of
total value added of agricultural products in 197614 90% of
total area planted in 1977/7Bg/and 83% of the export amount of
agricultural crops in 19782{ The following table shows long-
term change in area planted, yield and production of these
crops. Larger increase in production has been attained by
those crops for which area planted expanded rapidly. The rapid
expansion of uplands took place mainly in response to favor-
able world market for export crops. It will stop in ten years
or so, however, because present capable land of 308,000 square
kms as against cultivated land of 182,000 square kms is es-
timated to be used up in 12 years if current farm land expan-
gion at 4.4% per year is assumed to continue. BAn attention
will be paid inevitably to making full use of already cul-
tivated lands with intensified farm inputs and improved rural

infrastructures.

1/ NESDB, National Income of Thailand, 1376
2/ BAgricultural Statistics of Thailand, 1977/78
3/ Bank of Thailand
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Long-term Change in Crop Production of Thailand

Annual Rate

Three~Year of Change:
Crop Average: 1967/68 - 1969/70 to
1976/77 - 1978/79 1946/77 - 1978/79
Rice 8,679 1.9
Maize 1,292 5.7
Area Planted Cassava 890 18.3
(L0000 ha) Mungbeans 360 7.2
Soybeans 139 9.7
Groundnuts 110 0
Rubher 1,484 2.0
Rice 1.58 0.2
Maize 1.84 -0.4
Yield Cassava 14.1 -0.9
(ton/ha) Mungbeans 0.55 -4.6
Soybeans 0.93 0.4
Groundnuts 1.17 -0.7
Rubber 0.29 2.8
Rice 13,738 2.1
Maize 2,381 5.3
Production Cassava 12,519 17.2
{1000 ton) Mungheans 197 2.2
Soybeans 129 10.2
Groundnuts 129 -0.6
Rubber 430 4.5

Source: Office of Agricultural Economics, Ministry of
Agriculture and Cooperatives,

Transition of agricultural production in the Northern
Region is shown in Appendix 2-2.

In terms of value of shipments estimated on the basis of produc-
tion tonnage and farmgate prices in 1979, rice is the number one
crop produced in the Northern Region followed by maize, cassave,
mungbeans, sugarcane, tobacco, soybeans, groundnuts, cotton and
sorghum. The following table shows performance of the Northern
Region in the production of these crops in Thailand. Rice ranks
first in area planted also followed by maize, mungbeans, etc.
The Northern Region is no exception of the general trend at the
national level that farm land expansion contributed more than

16



Performance of Northern Region in Production

of Selected Crops

Annual Rate of

Change (%) Share of Northern Index of Yield of
Average of : : ; .
167677 ET 1978/79 1967/68-1969/70 Region in National Northern Region
to Total Production (National Average
L cros 1976/77-1578/79 (%) Yield = 100)
gerop Areca Produc- Yield
Planted tion Area Produc- 1967/68 1976/77 1967/68 1976/77
(1,000 (1,000 (ton/ Planted tion -1969/70 -1978/79 -1969/70 -1978/79
ha) ton)  ha)
Rice 1,858 4,098 2.21 2.1 3.1 27 30 128 139
Maize 643 1,254 1,95 6.6 7.6 43 53 92 106
Cassava 22 351 1s6.0 18.7 21.0 2 3 82 113
Mungbeans 278 155 0.56 7.4 2.6 75 78 100 102
‘Sugarcane 69 2,677 38.8 11.6 15.8 12 12 78 92
Tobacco 39 292  7.49 - - - 85 - 98
Soybeans 117 104 0.89 8.0 8.7 92 8l 94 96
Groundnuts 61 73 1.20 0.7 -0.8 57 57 110 103
Cotton 23 23 1.00 -9.6 -8.0 65 36 116 92
Sorghum 87 110 1.26 15.3 11.2 64 85 135 77

Source: Office of Agricultural Econaomics, Ministry of Agriculture and Cooperative.

Department of Excise, Ministry of Pinance, re. Tobacco.
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yvield increase to production increase. Generally, the yield
increase in the Korthern Region is faster thap national av-
erage increase. Especially, yield of paddy reaches to the
level almost 40% higher than national level. With exception
of goyheans and sorghum, relative increase of yield in the
Korthern Region results im increase of the region's share in
national total production. Generally speaking, the NHorthern
Region can be said to show a good performance compared with
the rest of the country especially in yield improvement. By
implication, investments for agriculture and related infra-
structures might as well be made more in the areas where

higher yield is promising.

From the viewpoint of cropping pattern, the Northern Region
can be divided into three areas as shown below:

— e i v "

Nakhon Sawan, FPhichit, Phitsanulck, Lampang, Chiang
Rai and Phayao

Paddy/Upland Crop area (rice and upland crop cultivation
is mixed almost half and half);
Uttaradit, Phrae, Chiang Mai, Lamphun, Kamphaeng
Phet, Tak, Sukhothai and Uthai Thani

Upland Crop Arez (upland crop cultivation is predominant) ;

— ——— . o, B ;o o —

Fan, Mae Hong Son and Phetchabun

The rice areaz is in the river basin of the Chas Phraya river
and its branches, including the Ping, the Yom and the Wan. In
Changwat Phichit, rice cultivation accounte for more than 80%
of total cropping area. Paddy areas in Changwat ¥akhon Sawan,
Phichit and Phitsanulok have heen suffering from chrenic
floods of small rivers hut an ongeing irrigation project in
Phitsanulok would help stabilize and sharply increase the
area's rice production ugon its completion.

18



The paddy/upland crop zrea is mostly undulated land mixed with

small areas of alluvial soils. Sugarcane production con-

centrates on Changwat Kamphaeng Phet, Uttaradit and Lampang
while beans such as mungheans, soybeans and groundnuts are
cultivated widely. Those Changwat situating in the Northern
part of the Region introduce the crops which are suitable to
the peculiar climatic and soil conditions and expected to bear
high value added, e.qg., tabacce, garlic and chili. Among
others, Changwat Chiang Mai is the most procressive in crep
diversification as observed in the share of fruit producticn
to reach as much as l&% of total cropping area. In con-
sequence, total value of agricultural production in the
Changwat 1s by far higher than other Changwat.

The dry ¢rop areas are gituated in mountainous part where rice
is difficult to cultivate. Situating in the Horthern part of
the Regicn, Changwat Nan, too, intreduces tobacco, garlic and
chili. 1In Changwat Mae Hong Son, cultivation is limited tc
narrcw river valleys and shifting agriculture is still prac-
ticed. Changwat Phetchabun is as progressive as Chilang Mal in
crop diversification with maize, beans and cctton. Especially
maize cultivation of the Changwat forms a part of the corn
belt ¢f the country.

Crop productions at Amphoe level are tabulated in Appendix 2-3

and also illustrated in Drawing 2.
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2-3 TRANSPORTATION SYSTEM

Transportation network in Thailand, regardless of airlines,
railways, roads or inland waterways, has been developed in
such a manner to connect every part of the country with
Bangkok. This holds in the Northern Region, too. Highways,
railways and air lines connecting, in parallel, Bangkok and
Chiang Mai form a backbone of the Region's economy. Along
this axis, inland waterways extend to Bangkok through Nakhon
Sawan. Most of intra-regional transport network, roads in
particular, are connected with the Bangkok - Chiang Mai axis.

An overview of the transport system of the Region is describ-
ed by mode, and briefing on modal split is also given here-
under. Major transportation network in the Region is shown
in Figure 2-1.

2=-3-1 Railwazs

The State Railway of Thailand (SRT), the government-owned
enterprise, extends its system radiating from Bangkok to the
North, Northeast, East and South. The Northern Line up to
Chiang Mai shares 751 km in track-km, 17 percent of the coun-
try total, and is 1laid in 9 Changwat in the Region, i.e.,
Nakhon Sawan, Phichit, Phitsanulok, Uttaradit, Phrae, Lampang,
Lamphun, Chiang Mai and Sukhothai.

Although the railway lines are all meter gauge and mostly
single track, they have sufficient capacity to carry present
passengers and freights. According to the statistics, the
system carried 10 million passengers within the Region and
1.8 million passengers from/to Bangkok in 1977. Freights
carried from/to Bangkok were 0.7 million tong in 1975,

Although the system has remained static in length for many

years, a new plan has been contemplated to lay a new line
connecting the system with Sattahip port which is scheduled

20



to be improved as commercial port. TIf this plan is realized,
the railway freights from the major stations in the Region

will increase in future, especially for exportable crops.

2-3-2 1Inland Waterways

Inland waterway transport was once in the primary positicn of
transport modes in the upper Central Region and the Northern
Region. 1In 1976, some 8 million tons of freights were carried
in waterway transport. The present navigable waterways in the
North is confined to the Chao Phraya river system, mainly in
the section of about 370 kilometers from Nakhon Sawan to

Uttaradit of the Nan river and the Caho Phraya, downstream of
Nakhon Sawan.

Low water level during the dry season coupled with high cost
of dredging and conflicting needs of water for irrigation, in

particular, are constraints to operations of river navigation.

In the Region, there are 7 major riverside ports; Phichit,
Taphan Hin, Bang Mun Nak, Chumsaeng, Nakhon Sawan, Phayuha
Khiri and Uthai ‘Thani. According to the survey in 1976 by the
Harbour Department, about 0.6 million tons were carried by
waterways from the Region to Bangkok. More than 80 percent of
them is composed of agricultural commodities, mainly maize and

paddy.

Shipping on inland waterways is mostly privately-operated.
While the waterways are maintained by the RID, the traffic is
regulated by the Harbour Department.

2-3-3 Aviation
The Government-ovned Thai Airways operates scheduled services
from Bangkok to 20 domestic airports in whole country by

fleets of Avro-748's or Boeing-737's. From Bangkok to the
North, it operates 24 Avro-748's and 1l Boeing-737's a week.

21



The domestic airports in the Region are in Phitsanulok, Phrae,
Man, Lampang, Chiang Mai, Chiang Rai and Mae Hong Son. Their
frequencies of operation range from 4 to 33 a week. The
domestic aviation plays a rather minor role in the total
domestic transport system in terms of freight volumes and

number of passengers.

2—-3-4 Highwazs

The arterial highway network in the Northern Region is formed
by three primary highways and 14 secondary highways. The
primary highway Route 1, which extends from Bangkok to Chiang
Rai via MNakhon Sawan, Tak, Lampang and Phayao, has vital
importance as main highway artery in the Region. The other
primary highway, Route 12, runs in East-West direction at
Central part of the Region from Phetchabun through Phitsanulok
and Sukhothai and connects with Route 1 at Tak. The another
Primary Route 21 serves mostly in Eastern part of the Region.

The ongoing Route 11, will also play an important part of
transportation in collaboration with Route 1.

The secondary highways interwoven with primary highways share
the indispensable role of highway transportation in the Region.

A number of provincial roads including the ongoing Route 1142
and rural roads serve for people in the local areas.

The roads in the Northern Region have been managed by many

organizations. These are DOH, Accerelated Rural Development
Office (ARD), Public Works Department (PWD), Royal Irrigation
Department (RID), Mobile Development Unit (MDU), Cooperative
Promotion Department and local municipal bodies. Among them,

DOH, ARD and PWD have shared the most part of construction and
maintenance of the major roads.
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In the Northern Region, the total length of roads owned by
those major organizations reached at about 16,000 km. More
than 80 percent of it is under the jurisdiction of DOH. The
DOH road is about 13,000 km in length, of which 6,500 km are
paved and 6,500 km which include the roads handed over from
ARD are laterite-surfaced roads. The rest of the total
length of roads are mostly unpaved roads, consisting of 2,400
km of ARD and 550 km of PWD road. Some sections of routes in
the Region are being upgraded or proposed for upgrading by
DOH.

The road length by agency in the Region are shown in Table
2-1 and details of it is shown in Appendix 2-4. and also
illustrated in Drawing 3.

Major traffic flows hetween each Changwat of the Region and
Bangkok have been surveyed by the Land Transportation Depart-
ment. According to the survey results, highway system carried
2.2 million tons in total, 1.4 million tons from the North
Region and 0.8 million to the North in 1976. Major commod-
ities flowed from the Region to Bangkok are mainly maize,
rice, timber and vegetables, while inflows to the Region are
miscellaneocus goods and gasoline/oil.

The passenger traffic by long distance buses between Bangkok
and the Region counted about 200 vehicles per day in 1976.

2-3-5 Modal Split of Commodity Flows

The modal split in the Region were examined through traffic
statistics available by mode. For the estimation of modal
split of commodities in the Region, the available data on
railways, inland waterways and highways in 1976 were compiled

by commodity and by origin/destination.

The study on agricultural commodity flows indicates that the
flow volumes of the Region from/to Bangkok were 62 percent by
roads, 32 percent by waterways and 6 percent by railways.
Similarly, for the case of non-agricultural commodity flows,
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64 percent was carried by road transport, 31 percent by rail

and § percent by water. In conseguence, it revealed that

highway system plays the most important role in the Region

except for Phichit who has poor road networks.

Table 2~2 shows the modal split of agricultural and non-

agricultural flow from/to Bangkok.
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2-4 ROAD DEVELOPMENT

In the absence of diversified network of railways and airlines,
it seems inevitable fcr the Northern Region to rely more on
road transportation as its economy grows. Recent improvement
of rcad condition, surface improvement in particular, must have

strengthened further the competitiveness of road transport overn
other transportation modes.

Prior to an assessment of relative levels of road development
in the Northern Region, an attempt has been made to make a
cross-national comparisen of road density in relation to a
socic-economic indicator. A series of regression analyses have
revealed that an indicator dencted by geometrical mean of
population density and GNP per area, called "socic-economic
intensity", can well explain level of rcad density in the
following model:

Y = &+ bX
where, Y : Road density
¥ : Socic-economic intensity

Parameters of the model have been determined in two cases: the
one for all countries regardless of developed or developing and
the other for developing countries. Derived formulae are:

211 countries Y. = 117 + 5.98 Xy (r = 0.9%55)
where, 1 = 1 through 23
(See tahle 2~3)

Developing countries : ¥; = €3 + 3.68 Xj (x = 0.818)
where, 1 =1, 2, 4, 5, €, 7, 8,

21 and 22 (See table 2~3}
Zecording to the formula derived for all countries, Thailand is

positicned to have the road density of 266 m per square kms
which is about 2.5 times higher than actual density. Even by
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"developing country standard" based on another formula,
Thailand is positioned to have the road density of 157 m per
square kms which is still 1.5 times higher than actual den-

sity.

Next, road density of the Northern Region has been compared
with other regions, in relation with various indicators
measured in density term with reference to road requirement
for various factors. Indicators were set as follows in view
of development objectives which road sector is supposed to

aim at:

i g A et B e S A Py, S S B Vo e M Sy St S S S e S St S =t G A

—— . Pt S i T T v B A it At i G oy i S S e e et et ot S S o et B By e Pk T e P

cultivated land, uncultivated capable land, rural popula-
tion, farm population, number of Tambon and Muban,
Agricultural GRP.

e et o s . L S o} B ey ol T T B YR S Tt o o s v s . 1 e T Sk s o e e Tt o e Sk P

population, non-farm population, non-agricultural GRP.
On the basis of the regression analysis, the correlationship
among road density and these indicators was identified by the
following formula, and parameters were estimated by each case:

¥y = aXy

where, ¥

(1)

Road density;
Xi ¢ Indicators (in density term) and

i : Denotes the four regions in Thailand

Bat%°§ of actual road density to the road density requirement
deriYgd ffcm the above formula was calculated as in the Table
2-4 for’?he basis of inter-regional comparison. The ratio

FiL el
less than unity means the relative insufficiency of road den-
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sity for its corresponding indicator. Looking at the Table,
it is quite obvious that road density in the Northern Region
is below the required level by any standard. Especially, the
gap between actual and required level is large when the road
density is compared with availability of uncultivated capable
land, urban population density, non-farm population density,
number of Changwat and GRP. Compared with other regions, it
can be said, therefore, that the road density in the Northern
Region is still inadequate considering its economic contribu-
tion, urban activities and future land potential.
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2-5 REGIONAL DEVELOPMENT

Recently, increased concerns are given to reducing economic
disparities among regions. The Fourth National Economic and
Social Development Plan (1977-81, hereinafter referred to as
the Fourth Plan) stresses the economic development with its

emphasis on less developed regions, including the North, and

the decentralization of basic infrastructures and social

services,

According to the Fourth Plan, economic concentration on
Bangkok and the Central Region has been caused by the depend-
ence of economy of other regions on limited sectors, ag-
riculture in particular. Even in the agricultural sector,
other regions are less diversified than the Central Region.
The low level of agricultural diversification resulted in
instable production, extensive use of farm levels, and under-
utilization of water and manpower resources. On one hand,
this trend accelerated regional out-migration especially in
the Northern Region where cultivable lands are limited and,
on the other, encroachment of forest areas especially in the
Northern and Northeastern Regions. In the absence of viable
non-metropolitan cities to absorb surplus rural population,
rural-to-urban migration flocked mostly into Bangkok.

In order to attain the agricultural diversification as a main
thrust of rural development, it is emphasized that links be
strengthened between agricultural production and processing,
between remote areas such as highland areas and local market
centers and between export crop production and port of export.
Stimulation of agricultural diversification is thus expected
to contribute to growth of agro-based industries, increase in
urban employment opportunities and, in turn, reinforcement of
urban service functions. In the Northern Region, cities of

Chiang Mai and Phitsanulok are designated as regional growth
centers.
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It is envisaged that this process of development needs to be
supported by decentralization of major infrastructural facili-
ties such as roads, irrigation and power facilities. A

stress 1s laid on improving system of branch lines such as
feeder roads, tertiary irrigation canals and rural power
distribution lines not only for helping exploit potential
resources but for attaining full utilization of existing
trunk facilities such as national highways. In fact, it is
sometimes pointed out that well developed trunk facilities are
used to the extent far below their optimum capacity because
they do not really penetrate into the areas or population to
be served due to lack of adequate branch facilities.

29



Figure 2-1
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‘Table 2-1

Table 2-1 LENGTH OF MAJOR ROADS IN THE REGION
4 (Km)

i DOH Road ARD Road PWD Road Total
Changwa
Paved Paved Paved Paved
Total Tot
4 {(Unpaved) (Unpaved) —° al {Unpaved) Total (Unpaved) Total
Nakhon 415.5 - - 415.5
y  Sawan (578.6) 994.1 (27.0)  27.0 (63.7) 63.7 (669.3}) 1084.8
#enichit 301.7 - - 301.7
q (109.5) 411.2 (6.1) 6.1 (67.7) 67.7 (183.3)  485.0
$rhitsanulok  391.3 - - 391.3
i (273.2) 644.5 (128.8) 128.8 - - (402.0) 793.3
A ttaradit 319.2 - - 319.2
:W (676.9) 996.1 (312.0) 312.0 - - (988.9) 1308.1
Phirae 310.9 - - 310.9
f (357.1) 668.0 (78.3) 78.3 - - (435.4)  746.3
§ Lampang 524.1 6.0 - 530.1
{220.3) Bl4.4 (318.7) 324.7 - - (609.0) 1139.1
% Nan 518.5 7.6 - 526.1
: (345.2) 863,7 (294.1) 301.7 - - (639.4) 1165.5
Phayao 335.1 - - 335.1
(244.4) 579.5 (65.6)  65.6 - - (310.0)  645.1
Chiang Rai 576.1 - - 576.1
(545.3) 1121.4 (185.6) 185.6 - - (730.9) 1307.0
Chiang Mai 678.9 - - 678.9
(754.3) 1433.2 (241.6) 241.6 - - (995.9) 1674.8
Mae Hong Son 202.8 - - 202.8
(255.3) 458.1 (37.7)  37.7 - - (293.0) 495.8
Lamphun 305.6 - - 305.6
(228.5) 534.1 (25.0)  25.0 (13.5) 13.5 (267.0) 572.6
Tak 445.1 - - 445,1
(451.5) B896.6 (122.9} 122.9 - - (574.4) 1019.5
Sukhothai 308.1 - - 308.1
(210.7) 518.8 (20.0)  20.0 (101.4) 101.4 (332.1)  640.2
Kamphaeng 313.5 - - 313.5
Phet (414.8) 728.3 (53.1) 53.1 (176.0) 176.0 (643.9) 957.4
Uthai Thani 54.4 - - 54.4
(313.9) 368.3 (26.1) 26.1 (127.1) 127.1 (467.1)  521.5
Phetchabun 472.6 ~ - 472.6
(499.4) 972.0 (434.4) 434.4 - - (934.8) 1406.4
Total 6473.4 13.6 - 6487.0
(6548.9) 13022.3 {2377.0) 2390.6 (549.4) 549.4 {9475.3) 15962.3
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Table 2-2

Table 2-2 MODAL SPLIT OF COMMODITY FLOW FROM/TO BANGKOK

(%)

Agricultural Products Other Commodities
Changwat —
Railway Waterway Highway Railway Waterway Highway
Nakhon Sawan 0.0 40.8 59.2 14.4 13.9 71.7
Phichit 17.1 78.0 4.9 48.4 22.1 29.5
Phitsanulok 43.1 - 56.9 45.3 - 54.7
Uttaradit 29.2 - 70.8 49.6 - 50.4
Phrae 27.1 - 72.9 55.6 - 44.4
Lampang 1.9 - 98.1 58.8 - 41.2
Chiang Mai 1.1 - 98.9 43.3 - 56.7
Lamphun 0.0 - 100.0 81l.2 - 18.8
Sukhothai 1.1 - 98.9 0.2 - 99.8
Uthai Thani - 23.6 76.4 - 12.8 87.2
Others - - 100.0 - - 100.0
Total 6.1 32.2 61.7 31.2 4.7 64.1
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Table 2-3
Table 2-3 SELECTED INDICATIONS FOR GROSS-NATIONAL .
COMPARISON OF ROAD DENSITY

I
Area Population GNP Road Length
No. Country (1000 km2) (1000 persons) (billion yen) (1000 km)
‘ (n) P} (G) (L)
1 India 3,288 586,266 1e,509 895.0
2 Indonesia 1,492 127,586 4,776 35.8
3 Japan 372 109,671 132,728 699.1
4 Korea 98 33,459 4,242 44.2
5 Malaysia 330 11,650 2,211 19.4
6 Pakistan 804 68,214 2,589 33.2
7 Philippines 300 41,457 4,248 104.2
g Thailand 514 41,023 3,975 54.9%
9  Denmark 43 5,045 9,840 65.7
10 France 547 52,507 86,382 794.0
11 W. Germany 249 62,041 124,071 463.0
12 U.K. 244 55,968 56,928 366.7
13 Italy 301 55,361 45,006 286.5
14 Netherlands 41 13,541 22,257 104.1
15  Norway 324 3,985 7,416 76.1
16 Sweden 450 8,161 18,303 97.4
17 Belgium 31 9,772 17,283 93.1
18 Hungary 93 10,478 11,817 99.8
19 Spain 505 35,225 19,002 315.0
20 Switzerland 4] 6,443 15,804 6l.6
21  Yugoslavia 256 21,153 7,140 78.7
22 Mexico 1,973 58,118 19,509 426.1
23 U.s.a. 9,363 211,909 412,400 6,140.9
Population GNP . Socio~econcmic
Density Per Area Roa? 3§;§§ty intensity
No.  Country (person/km2)(1000 yen/kmz) TL/A) —
(p/2) (c/n) / ®/a) (6/m)
1 India 178 5,933 272 32.50
2 Indonesia 86 3,201 24 16.59
3 Japan 295 356,788 1,871 324.43
4 Korea 341 43,286 451 121.49
5 Malaysia 35 6,700 59 15.31
6 Pakistan 85 3,220 41 16.54
7 Philippines 138 14,160 347 44.20
8  Thailand 80 7,733 108 24.87
9 Denmark 117 228,837 1,528 163.63
10 France 96 157,920 1,452 123.13
11 W. Germany 249 498,277 1,859 352.24
12 U.K. 229 233,311 1,503 231.14
13 Ttaly 184 149,522 952 165.87
14  HNetherlands 330 542,854 2,539 423.25
15  Norway 12 22,889 235 16.57
16  Sweden 18 40,673 216 27.06
17 Belgium 315 557,516 3,003 419.06
18  Hungary 113 127,065 1,073 119.82
12 Spain 70 37,628 624 51.32
20 switzerland 157 385,463 1,502 246.00
21  Yugoslavia 83 27,891 307 48.11
22 Mexico 29 9,888 216 16.93
23 U.S.A. 23 44,793 656 32.10

Note: 1/ Including all roads under DOH, ARD and PWD

Source: International Road Federation 1977
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Table 2- 4 - INTER-REGIOUAL COMPARISCN CF RCAD DENSITY:™ -~

“ "  RATIO OF ACTUAL TO REQUIRED LEVEL . .. .-
§ i e
S e T Ratic of Actual to Required Coefficient of Model
3 P . i Road Density Formula " -
i ot e S Horth= . Constant Mllltlp.“ Correl,
- = oo wlorth gy South Cenfral iy (bl - (x)
Pej;:ce::itagep in Total “ o : :; ) e s
irea, of: . S , o
. .Capable Land ' . - 0.384 0.858. 1.08L 0.996 .665 ' 0.782-¢ " 0.941
Cultlvated Land ! 0.88% ¢.992..1.207 0.940, 1.532 0.331 - '0.627
Uncultivated o _ Lo . ' o
Capable Land ©.. . 0.811 0.999 1.127 1.140 1.733  0.220 ""0.505
" Density of: S ‘ FOL Ch .
. Population 7" 0.924 0.994 1.156 1,291 . 0.945 0. 579 “0.797
Rural Pepulaticn . 0.509 0.974 1.177  0.933 1.065 ¢.527 0.770
. Farm Population  0.667 1.046 1.156 0.919 1.525 0.297  0.547
Urban Populaticn _ 0.851 1.168 1.068  0.933 1.894 0.189 . ..0.578
Non-farm . . . _ - ' el he
Population 70 0.780  0.884 0.955 1.050 1.662 0.314 |  D.&82
R\Ivumbex::_F in Unit 2’&1:‘&&1F ) ' . T
. 0f-"~, . . . - <
Changwat S - 0,839 1.168 1.078 0.844 * 1.8B38 0.175 -~ '0.526
Amphoe - : 0:92% 1.134 1.032 0.919 1.163 0.417 " " 0.818
~Tambon - -~ - - -0.93L0-- 1.134 1.088 0.902 1,017 ° 0.337 0.754
vMuban,M . 0.942  0.999 1.153 6.812 0.476 0.324 g.795
R GRP, p:r’er Un:r_t m:eal,s ) -
from- . e ]
"Rl sectors $0.839° 1.149 '1.117 6.933 1673  0.134 0. 486
Lgricultural- -° o - L
' Sectors . -0.843 1.147 1l.103 o0.921 1.835  ¢.217 o 541
Non-agricultural ' ’ ‘ ’ o
Sectors . 0.837- 1.152) 1.122 0.84C  1.770  0.107 . 0.467

.- 1y . - b
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CHAPTER 3

AREA POTENTIALS

3-1 CONCEPTUAL FRAME

3-1-1 Approach

For any project planning, it is necessary to start with
identification of needs. The needs are to be identified from
the viewpoints of both the sector to which a project in ques-
tion belongs and the area in which the project is going to be
located. Since this study aims at preparing a master plan
for road development over the whole part of the Northern
Region, the assessment of the area characteristics is one of
the most crucial issues to be initiated prior to the
identification of needs.

The foregoing analysis has revealed the relative position of
the Northern Region in the national space, economy, transporta-
tions and development policies. It has also suggested the
salient points to be taken into account in the Northern Region
such as productivity and diversity of crop production, expan-
sion of farm lands versus topographic or environmental
constraints, scale and distribution of urban centers, and
population absorptive capacity. In view of these points, a
systematic set of criteria and quantitative indicators needs

to be formulated in orxder for areal analysis not just to be
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descriptive but to be operational for project identification.
It is in t£his connection that area potentials are defined,

estimated and assessed.

By area potentials the Study means present levels of socio-
economic activities and their implications to future pros-
pects of an area. Potentials of an area can be measured in
many ways and there is no universal method of estimations.
Population can be a simple but convenient aggregate indicator.
However, an attempt was made in this Study to look at the
areal potentials from various angles. It may respond to vary-
ing needs for road development such as ensuring accessibili-
ties for economic activities and populations, making full use
of potential resources, land in particular, and strengthening
urban functions and also to the salient points to be taken
into account in the Northern Region. Hence, the criteria

selected for area potential assessment are:

a) Future land potential

b} Performance of major productive sectors

c) Levels of urban activities and services, and
d) Population factor

Area potentials are assessed at regional, Changwat and Amphoe
levels.

3-1-2 Indicators and Data

To measure area potentials, indicators need o be determined in
view of not only their relevance to criteria but data
availability which is, in fact, the most crucial especially
for analysis at the Amphoe level. A list of the indicators
selected is shown together with data sources in Appendix 3-1.

For the assessment of future land potential, two distinct in-
dlcators are chosen. They are area of lands planned to be

1rrlgated and area of unused cultivable lands, Despite their
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common feature of indicating future land potential, the two
indicators have different policy implications. The area of
lands planned to be irrigated is an indicator of the poten-
tials for intensification of agricultural production within
already cultivated area and a higher value of the indicator
suggests the need for further feeder road inputs in such area.
On the contrary, the area of unused cultivable lands is an in-
dicator of the potentials for expansion of farm lands, upland
in particular, and a higher value of the indicator may suggest
a greater emphasis on the role of road development in guiding
appropriate expansion of farm lands.

For assessing the performance of major productive sectors,
agricultural indicators are chosen in the first place in view
of predominantly agricultural economy of the region. They
include value of agricultural and livestock production, area
of cultivated lands and number of agricultural households.
Fishery is not included due to its negligible contribution to
the economy of the Northern Region. Forestry is excluded,
too, since forestry production of some part of the Northern
Region has been limited by the government control, and this
policy is expected to be strengthened in future. Value of
livestock production is taken as a separate indicator £rom
that of agricultural production taking into account its high
potential given by the government stress on agricultural
diversification policy.

Mining production is chosen as another significant indicator
because of its considerable contribution to the economy in
limited part of the region. Manufacturing, trade and tourism
activities are not chosen under this criteria but put aside

to be measured in terms of urban activities because the notion
of urban activities seems more relevant than that of manufac-
turing or trade to local situation and it is easier to be

quantified by using available statistics.
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Regarding the assessment of urban activities/services, their
complexity together with lack of directly relevant data
results in choosing as many as seven indicators, including
urban population, non-agricultural population, amount of
electricity consumption, number of postal matters, number of
secondary school teachers, number of doctors in hospitals and
freight volume handled. Both urban population and non-
agricultural population are supposed to represent the mag-
nitude of overall socio-economic activities in urban places.
While the indicator of urban population distribution tends to
magnify Changwat centers because few urban centers other than
Changwat centers are officially defined as "urban" though
they are sometimes as large as Changwat centers, assessment
by the indicator of non-agricultural population would be in
favour of medium or small urban centers. Amount of electrici-
ty consumption, freight volume handled and number of postal
matters are meant for indicating intensity of urban economic
activities, including manufacturing and commerce. Number of
secondary school teachers and number of doctors in hospitals
are meant for indicating degree of concentration of social
services in an urban place.

For the assessment of population factors, three indicators of
population size, population increase and population density
are chosen. Besides that population indicates the size of
demand for public facilities including roads, it represents
overall magnitude of socio-economic activities of an area.
While population size and population density are supposed to
indicate the demand for public facilities and the overall
magnitude of socio-economic activities at the present time,

population increase is supposed to indicate their future
potential.
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3-2 METHOD OF ESTIMATION

Given a set of criteria and indicators with relevant data, the
measurement of area potentials needs to tackle with two issues
of how several data with quite different units and patterns of
distribution can be made comparable enough to be aggregated,

and what the weighting among criteria/indicators should be in
their aggregation.

There are many ways to standardize different data but this
study has employed the method of transforming all indicators
into the indicator of population or, in other words, express-
ing all kinds of data in population term, by making mean and
standard deviation of different data series uniform with those
of population. This method takes its cue from the method of

1/

normalization.~

The formula for transformation is:

Bi = FptOp - (Xlsx 2

where, %; : Data transformed from X;
Fp : Mean of population data
0, : Standard deviation of population data
Xi : Original data series for indicator X
X : Mean of data Xj
Sx : Standard deviation of data Xj

1/ Modification of ordinary normalizations has been found

=~  necessary in order to keep operationality of the area
potentials from being impaired by the negative values
incident to normalization. Theoretical background of
the method is briefly described in Appendix 3-2.
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As for weighting method, it has been found that a number of
studiesl/have employed similar methods and, in common, equal
weight has been assigned among different indicators. With
these examples, the aggregate potentials have been estimated
by assigning an equal weight to each criteria/indicator. The
underlying premise here is that plausibleness of estimated
area potentials depends essentially on whether variety of in-
dicators and their combination are sound rather than on how

the weighting system is.

Data for respective indicators are shown as such on Appendixes
3-3 and 3-4, and as transformed on Appendixes 3-5 and 3-6.

Due to difference in kinds of available/relevant data between
Changwat and Amphoe levels, indicators and data have been
somewhat simplified for the estimation of area potentials at
the Changwat level. A table comparing the indicators and data
used’ at the Amphoe level and those at the Changwat level is
shown in Appendix 3-7.

i/ a) Toyo.Keizai News, Regional Economic Indicator
b; Asahi News, Economic Indicator
¢) National Living Standard Committee, Soci i
! ) ial Indic
d) National Economlc and Social Develépment Boardl ater
South Thailand Regional Planning Study '

Of these, a), b) and ¢) deal with Japanese experiences.
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3-3 ASSESSMENT

3-3-1 Assessment of Regional Level

Looking first at relative position of the Northern Region as
a whole, it ranks the third among four regions in terms of
aggregated area potentialsl/(See the table). While the
Northern Region is the second highest, next to the North-
eastern Region, in future land potential, it is the lowest in
levels of urban activities/services. The Central Region in-
dicates the highest potential in performance of major produc-
tive sectors and levels of urban activities/services while
the Northeastern Region indicates the highest potential in
future land potential and population factor. In sum, poten-—
tial of the Morthern Region cannot bhe said to be high compar-
ed with other parts of the country in spite of relatively
high potential of land development.

Area Potentials: Inter-regional Comparison

{in thousand)

Aggregated Future Performance Levels of

Region Area Land of Major Urban Population
g Pot ri'al Potential Productive Activities/ Factor
entials 1 Sectors Services
North 9,000 12,000 8.:400 1,300 2,100
Central 14,100 11,300 15,300 16,300 2,800
Northeast 12,600 13,100 11,200 7,900 15,800
South 4,700 3,900 5,400 38,800 5,700

3-3-2 Assessment of Changwat Level

Area potentials of all Changwat of the country have been worked
out in order to verify the consistency of estimated area poten-
tials with regional structure as widely perceived as well as to

1/ Bangkok is excluded from Central Region hereinafter in this
chapter.
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have 2 closer look into the relative potential of the Northern

Region. Tabkle 3-1 shows the area potentials measured on
respective criteria and aggregated area potentials. Takle 3-2
shows ranking of Changwat in the area potentials measured on

respective criteria and those aggregated.

In terms of future land potential, Rancharaburi ranks the top
followed by Uben Ratchathani, Phichit, Makhon &1 Thammarat,
Nakhon Ratchasima, Surat Thani, Xamphaeng Phet, Narathiwat,
Kalasin, Khon Kaen and so forth. Cenerally, availability of
unused cultivable lands appears tc be major factor in high
future land potential of Changwat in the Uortheastern Region
while the major factor appears to be the lands expected to be
irrigated in case of those in the Northern and Central Regicons.
In the ¥orthern Region, larce-scale irrigation projects are
underwav in those Changwat highly ranked such as Phichit,
Kamphaeng Phet and Phitsanulck. Due azttention needs to he
paid to the importance of irrigation in land potential of the

Northern Reglon.

In terms of present performance of major productive sectors,
Wakhon Ratchasima ranks the top followed by Nakhon Si
Tharmearat, Kanchanaburi, Phetchabun, Saraburi, Suphan Buri,
Udon Thani, Ubon Ratchathani, Nakhon Sawan, Phangnga and so
forth. These high ranking Changwat are categorized broadly
into: those producing diversified crops, especizlly export
crops such as maize, cassava and sugarcane on top of consid-
erable volume of rice, e.g., Nakhon Ratchasima, XKanchanaburi,
Fhetchabun, Saraburi, Suphan Buri and Wakhon Sawan; these
producing huge amount of rice with very limited production of
other crops, e.g., Ubon Ratchathani and Udon Thani of the
Northeast, being number one and two of the country in rice
planted area; and those specialized in mining industry, e.g.,
Nakhon £i Thammarat and Phangnga of the South, High ranking
Changwat of the Northern Regicn belong to the first category,

namely, rice with export crops. 2 series of regional and
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infrastructural development peclicies designed to attain
agricultural diversification as mentioned in the foregoing
chapter could help development of these Changwat effectively.

In terms of levels of urban activities/services, Songkhla
ranks the first followed by Chiang Mai, Chon Buri, Nakhon
Ratchasima, Ubcn Ratchathani, Nakhon &i Thammarat, Udon Thani,
Ratchaburi, Nakhon Sawan, Khon Kaen, Phitsanulok and sc forth.
Those designated as urban growth centers all rank high except
for Phuket which ranks the twenty-eighth. Instead, Nakhon Si
Thammarat, Retchaburi and Nakhon Sawan rank high. Although,
they are not the growth centers as designated, they play an
important role especially in distribution of agricultural and
other primary products.

In terms of population factor, Kakhon Ratechasima ranks the
first followed by Ubon Ratchathani, Uden Thani, Nakhcon &1
Thammarat, Ehon Xazen, Buri Ram, Rol Et, Si Sa Ket, Burin and
Nakhon Sawan. Eight out of ten these Changwat are im the
Kortheastern Region. Veast cultivable lands of the region is
supposed to have enabled it to akserb population. In fact,
all these Changwat except Khon Kzen are still experiencing
faster population ¢rowth than the national average.gf BPopula-
tion factor comprising of size, increase and density of
population is taken to indicate potential of a area but, at
the same time, it can be taken to indicate demand pressure on
infrastructure and services especially in less developed area
such as Buri Ram, Foi Et, §i Sa Ket and Surin of the North-
eastern Regien. In the context of the Northern Region,
population facter indicates exactly the area poctentials as
developed Changwat rank high, e.g., Nakhon Sawan, Fhetchabun,

Chiang Mai, Chiang Rai, Bhitsanulok and so on.

After all, Kakhon Ratchasimz ranks the first in aggregated

area potentials, followed by Uben Ratchathani, Nakhon Si

1/ HNational average is computed excluding the population of
~  Bangkck.
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Thammarat, Kanchanaburi, Chiang Mai, Udon Thani, Khon Kaen,

Songkhla, Nakhon Sawan and Chon Buri. Out of seventeen
Changwat of the Northern Region, potentials of seven Changwat
are higher than national average in aggregated term and they
ine¢lude Chiang Mai, Nakhon Sawan, Phitsanulok, Phichit,

Phetchabun, Kamphaeng Phet and Chiang Rai.

3-3-3 Assessment of Amphoe Level

It is inferred that the results reflect adequately regional
structure which is widely perceived, with the reservation
that some national level strategies for regional development
are not taken into account in the area potential. 1In order
to have a more specific look into the regional characteris-
tics, a focus is given to the area potentials at the Amphoe

level.

Then, patterns of area potentials within the Northern Region
were examined. Table 3-3 shows the area potentials measured
on respective criteria and aggregated area potentials. The
Table 3-4 lists up all Amphoe in order of aggregated area
potentials.

According to Table 3-4, among top twenty Amphoe, twelve are
Changwat centers, including Chiang Mai, Phitsanulcok, Kamphaeng
Phet, Nakhon Sawan and so forth. Other eight Amphoe can be
categorized into those with high iand potential including
Khlong Khlung and Khanu Woralaksaburi in Changwat Kamphaeng
Phet, Taphan Hin in Changwat Phichit, Chon Daen in Changwat
Phetchabun and Wang Thong in Changwat Phitsanulok; and those
with high potential in terms of population factor and located
adjacent to Changwat center, including Lat Yao next to Muang
Nakhon Sawan, Phan next to Muang Chiang Rai and Lom Sak next
to Muang Phetchabun.

44



Bottom twenty Amphoe are located mostly along or near the
border. The lowest eight Amphoe among the bottom twenty in-
dicate extremely poor performance of major productive sectors.
They include Ban Khok and Fak Tha in Changwat Uttaradit, Na
Muen, Mae Charim, Ban Luang and Thung Chang in Changwat Man,
Nam Nao in Changwat Phetchabun and Thung Hua Chang in Changwat
Lamphun. The rest of the bottom performance of major produc-
tive sectors, including Khum Yuam and Mae La Noi in Changwat
Mae Hong Son, Na Noi and Chiang Klang in Changwat Nan, Chiang
Mun in Changwat Phayao, Den Chai in Changwat Phrae and Mae
Phrik in Changwat Lampang; and those indicating limited future
land potential or population absorption, including Pai in
Changwat Mae Hong Son, Samceng in Changwat Chiang Mai, Phop
Phra in Changwat Tak, Tha Pla in Changwat Uttaradit and Pa
Daet in Changwat Chiang Rai.

In sum, future potential of lands to be either irrigated or
cultivated is observed to have very much to do with aggregated
potentials of Amphoe. Second, location of Amphoe particularly
in terms of closeness to Changwat center is another factor of
the aggregated area potentials. Third, extremely poor perform-
ance of major productive sector, agriculture in particular, is
an absolute factor of lower area potential in spite of rel-
atively high potentials in terms of land or population.

3-3-4 Geographic Characteristics of Area Potentials

Looking at geographical pattern of area potentials (See Figure
3-1) three agglomerations are clearly observed; the largest in
the Southeastern part of the region covering whole or most

part of Changwat Nakhon Sawan, Phichit, Phitsanulok, Sukhothai,
Kamphaeng Phet, Uthai Thani and Phetchabun and the western half
of Changwat Uttaradit, the second largest in the northernmost of
the Region covering the eastern part of Changwat Phayao, the
northern and central parts of Changwat Chiang Rai and the

northern tip of Changwat Chiang Mai, and the third largest
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but the highest in terms of intensity covering the central

part of Changwat Lamphun, the southeastern part of Changwat
Chiang Mai, and the northern part of Changwat Lampang.

Outside these agglomeration, some linear type agglomerations
can be observed such as Kamphaeng Phet - Tak - Lampang belt,
Lamphun - Phrae-Nan belt and Chiang Rai-Chiang Mai belt.

Interpreting geographical pattern of area potentials in this
manner, three alternative strategies would emerge for regional
and infrastructural development. The first is to concentrate
investments in the three agglomerations so as to fully mo-
bilize their potentials, especially land potential for export
crops and agricultural diversification in the Southeast
agglomeration, water resource potential for higher productiv-
ity in agriculture in the Chiang Rai agglomeration and urban
growth potential with related economic potentials in the
Chiang Mai agglomeration. The second is to expand investment
especially along the linear type agglomerations so that three
agglomerations are merged in the long run thereby enabling
developing the whole region as a single economic counter-unit
to Bangkok. The third is to give special emphasis on the
areas outside the agglomerations in order to ensure basic
standard of living for the people whatever the areal poten-
tials are and to integrate isolated and thus low potential
areas into national/regional economy.

It is not intended here to conclude what the best alternative
is. Possible choice depends on whether long or short term
viewpoint, whether national or regional viewpoint and whether
economic efficiency to be given priority or social stability.
In case of road development, however, these discussions can
be boiled down to how to harmonize the view to build up the
overall network of roads for a balanced development of the
region and another view to intensify road network for a maxi-

mum development of high potential areas.
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The quantified area potentials of Amphoe are applied later

in the study of route identification. In one way, they are

employed as one of the elements in the estimation of inter-

node gravity to assess the relative importance of interactions

between specific zones/area. In another, area potentials are

incorporated again in the calculation of road requirement

index for the assessment of priority areas for providing
feeder roads.
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Figure 3-1 AGGREGATED AREA POTENTIALS
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Tahle 3-1 VALUES BY CRITERIZ AND
WHOLE COUNTRY

AGGREGATED AREA POTENTIALS :
BY CHANGWAT

Future Perfor- Levels af FPopule- Lggre=
Criteris Land mgnce ef  Urhan tigo grted
Potentlal Hejor detlvity/ Factax Ares
Froduc— Services Foteg=
tive
Aaphae tlals
Sectore
10 NAKHEK SAWAN 529 1DES 939 804 959
102 PHICHIT 1413 30 817 515 BLT
103 PHITSANULEE 1003 ESS o995 TES s00
L&& UTTARACIT 276 30 308 4TL 2B4
105 PHRAE 210 331 336 385 260
106 QQMFRNG 575 420 728 5406 s
107 KAW 237 279 232 335 226
maﬂmmu 410 408 tal- 403 R
109 CHIANG RAl B33 782 363 788 gE1
110 CHIANG ™Al g6 885 1738 £13 ﬁﬁlé
il MRE HENG seN 211 a7 g7 133 I5
112 LAMPHURN 415 379 240 2673 27
113 TAK Saz 241 433 205 Ins
iié sUWHmTHAL Ela 4% 379 iy s
L15 KAMPHAENG PHET 1148 S49 249 EEL £70
1ie UTHAT THANI 545 £13 240) 288 27
117 FHETCHARUN 28B4 1325 425 EET 754
202 CHRI WAT Te7 404 280 i3 279
20% NONTHABURI 155 LEZ &70 391 234
204 FATHNM THANI 163 339 152 ze 181
20S AYUTTHAYS ZET B17 = §52 S8
206 L&P BURT 24z TES EZ4 530 B80S
207 SAMUT PRAKEN 155 214 [340{a] 456 IEY
208 SARABURIL 188 izig EEE 483 EET
209 SING BURT 155 %< igs 205 127
210 ANE THENEG 319 280 256 230 200
211 CHANTHABURI 293 193 ESg B84 IIE
212 CHACHBENDSAS ES4 587 4E1L 497 ESg
213 CHEN BURL 00 874 15859 g7 azé
214 TRATY 3iE 7 281 167 171
Z1S NRKHEN NAYEHR 235 258 184 155 %)
216 PRACHIN BURL 9ES B4T 456 £54 TIY
217 RAYENG 31T 42g 470 61z z92
218 RANCHRNABURL 17e8 142 ESE EE1 1288
219 HAKREAN PATHEN £49 45E TE& 47 Bl
220 PRACHUAP KHEIRI WKHAN 30 S28 443 433 &17
221 PHETCHABURI 459 ITi g27 338 578
222 ARTCHABURI 4ES 892 a97 E07 77E
22T SAMUT SONSKHREM Jai 0 293 1§23 147
226 SAMUT SAKHEN 155 $E3 s71 261 g
225 SUPHAEN BURI 2E3 1201 BE1 E49 oS
301 KALASTIN 1050 &g &0 704 731
302 KHON HAEN 1036 s6s 923 1161 e
0% CHAIYAFHUN 7BE iz 272 837 &70
304 NAKHEN PFHANGSM o298 g21 371 7i3 SHE
I05 NAKHEN RATCHREIMS 1290 1701 1482 2308 18941
206 BURI RAM 282 792 371 1699 BET
307 HMAHA SARAKHAM g2 £SO 424 B4 5eg
S0E RASI ET gin 728 [Land Lae? ?IE
09 LBE! 418 251 216 442 287
Zi0 81 SR KET €24 857 3LZ 1oie 5= nA
31l SAKEN NAKHON EE7 595 oy 0% 534
312 SURIN 729 £35 sai 984 739
I1Z NGBNG KHAL 2z &17 Zen EQ& 398
S14 UbonN THRANI B804 1148 iDa7 ﬂﬁza il7e
T1S UBOWN RATCHARTHANE 1540 Lilg 1212 1822 1549
I1E YASOTHEN 42% Tat ZA4T agl SE0
40! KRABI IBZ 128 goe Z2I8 TEL
402 CHUMPHEH 425 186 331 ESE 2EZ
403 TRRMG %49 prazt=d ?9& :9@ i34
404 NEKHEK 81 THAMMARAT 1295 1438 1208 1207 1445
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Table 3-2
1 of 3

F MAGNITUDE:
Table 3-2 AREA POTENTIALS IN THE ORDER O :
) WHOLE COUNTRY BY CHANGWAT

(1) Future Land Potential

Order

218
315
102
404
2035
41a
115
405
01
30z

H
QW ~MWBE -

11 103
12 I0E
13 218
14 110
15 225
1E 31&
17 203
18 312
19 5t1
20 212

1 219
22 108
23 101
26 310
-8 307
26 308
27 114
2a 304
z3 106
0 i11E

It 4tz
2 113
3 408
S4 410
oo 22z
-6 403
57 02t
I8 40z
-9 316
aQ 2032

41 112
a4z 108
4% 401
a4 220
43S 205
GE 40
a7 2T
ag 20z
49 210
S0 217

51 21&
S2 407
853 213
S& 211
S5 104
56 117
57 206
S8 107
=9 215
EQ 213

E1 114
62 105
E3 413
64 208
E3 204
EE 411
£7 409
68 203
E9 207

71 2247

Amphoe Code No.
and Name

KANCHANABLIRI

UBBN RATCHATHANI
PHICHIT

NAKHAN SI THAMHMRRAT
NAKHAN RATCHASIMA
SURAT THANI
IKAMPHAENG PHET
NARATHIWAT

KALASIN

KHON KREN

PHITSANULOK
HURI RAM
PRACHIN BURI
CHIANG MAI
SUPHAN  BURT
uDaN THANI
CHATYAPHUM
SURIN

SAKEN NRIKHBN
CHACHOENGSAO

NAKHON PATHOM
CHIANG RAI
NAKHON SAWAN
S1 SA KET
MAHA SARRKHAM
ROI ET
SUKHOTHAL
NAKHAN PHANGM
LAMPANG

UTHRI THANI

SONGKHLA
TAK

PATTANT
YALA
RATCHABURI
TRANG
PHETCHABURI
CHUMPHAN
YASBTHAN
LOEI

LAMPHUN

PHAYAD

KRABI

PRACHUARP KHIR1 KHAN
AYUTTHAYA
PHATTHALUNG

SAMUT SONGKHRAM
CHAI NAT

ANG THONG

RAYONG

TRAT
PHANGNGA
CHAn BURI
CHANTHARBURI
UTTARADIT
PHETCHABUN
LOP BURI

NAN

NAKHON NAYBK
NONG KHAL

MAE HONG SON
PHRRE

SATUN
SARABURL
PATHNM THANI
RANONG
PHUKET
NANTHABURL
SANMUT PRAKAN

70 209;5ING BUR1

SAMUT SAKHON

Patential

1789
1340
1413
1285
1290
1173
1148
ta7o0
1050
1036

1003
9Bz
SBS
861
63
2804
786
728
EB7
EBa

E49
B33
E29
624
E23
B15
Bla
594
576
545

94T
542
530
S0t
4B%
4ag
439
4zs
423
416

41s
410
I8z
370
I63
I60
361
327
318
313

313
los
oo
239
276
SB4
242
237

235
212

211
210
208
188
185
i7e
164
155
155
155

155

(2) Performance of Major
Productive Sectors

Order

Amphoe Code No.
and Mame

-
OWMm~dmU Wby e

68
€9
78

7

Py

305
ans
218
117
208
225
314
315
101
aa?7

302
222
11D
Z13
306
103
206
10z
30
a3

312
310
103
a1z
307
21E
301
114

205
21z

311
115
414
220
304
217
409
219
106
313

LiG
10
202
112
221
316
204
105
104
405

411
408
209
107
403
209
210
215
113
207

410
2i1
406
224
203
402
ant
111
214
223

413

NAKHBN RATCHASIMA
NAKHON SI THAMMARAT
IKANCHANABURI
PHETCHABUN

SARABURI

SUPHAN BURI

UDBN THANI

UBBN RATCHATHANI
NAKHEN SAWAN
PHANGNGA

KHON KREN
RATCHABURI
CHIANG MAI
CHan BURI
BURI RRAM
CHIANG RAI
LBP BURI
PHICHIT
ROI ET
CHARTYAPHUM

SURIN

SI SA KET
PHITSANULGK
SONGKHLA

MAHA SARAKHAM
PRACHIN BURI
KALASIN
SUKHATHR!
AYUTTHAYA
CHACHOENGSAD

SAKON NAKHON
KAHMPHAENG PHET
SURAT THANI
PRACHUAP KHIRI KHAN
NAKHON PHANGM
RAYBNG

PHUKET

NAKHBN PATHOM
LAMPANG

NENG KHAI

UTHAL THANI
PHAYAD

CHAI NAT
LAMPHUN
PHETCHABURI
YASOTHAN
PATHNM THAN]
PHRAE
UTTARADIT
NARATHIWAT

RANANG
PHATTHALUNG
SING BURI
NAN

TRANG

LOET

ANG THONG
NAKHBN NAYOK
TAK

SAMUT PRAKAN

YALA
CHANTHABURT
PATTAN?

SAMUT SAKHON
NEANTHABURI
CHUMPHON

KRABT

MAE HBNG SeN
TRAT

SAMUT SBNGKHRAM

SATUN

Potentia)

1701
1433
1429
1325
1318
1201
1148
1116
10858
1020

SEE
€9z
283
874
798
792
7EL
7.0
726
71z

£99
£97
£95
£79
ESD
E47
=10
E43
€17
s97

535
o689
547
528
221
439
493
458
420
417

413
4ps
404
379
7t
k11
I3
I3t
330
323

36
298
279
279
268
ZE1
ZE0
58
iy}
o1t

195
193
182
163
162
156
126

97

77

70

EE

50



(3} Urban Activities/Services

Table 3-2

grder

-
OWO-Nme e G-

a1z
110
213
305
315
404
314
222

Las

101
302

102
401
2B
208
pracal
205
207
219
10&
410

414
z0e
Zt1
2235
403
411
focd
abg
403
102

216
[{10] 1
203
217
212
2z0
31z
113
117
307

0t
~oe
114
E151
Z04
06
109
31z
105
40z

310
108
104
408
223
107
214
202
302

210

407
115
316
118
112
09
209
215
413
204

111

Amphoe Code No.
and Name

SANGKHLA

CHERNG MAI

CHON BURI

NAKHAN RATCHASIMA
UEBON RATCHATHANI
NAKHAN ST THAMHARAT
UDBN THANI
BATCHABURI

NAKHON SAWAN

HHON KAEN

PHITSANUILBK
KRABI
KANCHANRBURI
LOP BURI
PHETCHABURI
AYUTTHAYA
SAMUT PRAKAN
NAKHON PATHAM
LAMPANG

YALA

SURAT THANE
SARABURI
CHANTHABURI
SUPHAN BUR!
TRANG

RANONG

SAMUT SAKHON
PHUKET
NRRATHIWAT
PHICHIT

PRACHIN BURI
PATTANI

NBNTHABURI

RAYONG

CHACHBENGSABR
PRACHUAP KHIRI KHAN
SURIN

TAK

PHETCHAEUN

MAHA SARAKHAM

KALASIN

ROI ET
SUKHBTHAT
SARKEN NAKHON
NAXHAN PHANGOM
BURI RAM
CHIANG RAI
NONG KHRI
PHRRAE
CHUMPHON

SI 9A KET
PHAYAB
UTTARADIT

PHAT THALUNG
SANUT SONGKHRAM
NRN

TRAT

CHRI NAT
CHATYAPHUM

RANG THONG

PHRANGNGA
KAMPHAENG PHET
YASOTHON

UTHAT THANI
LAMPHUN

LoE]

SIRG BURI
NAKHAN NAYOK
SATUN

PATHNH THANI

Table 3~ 2 of
3~2 AREA POTENTIALS IN THE QORDER OF MAGNITUDE:
WHOLE COUNTRY BY CHANGWAT
{Continued}
(4) Population Factor
Amphoe Code No.

Potentisl Order and Name Potential
:;gé 1 305 NAKHBN RATCHAS!MA “I0E
1539 2 315 UBBN RATCHATHANI 1622
1285 3 314 UDBN THANI 1278
1215 4 404 NAKHAN 51 THAMHARAT 1207
1205 S 302 KHON KREN 1161
1047 & 30E BURI RAM 1099
2oy 7 308 Rl ET 1087
o5y 8 310 SI SR KET 1018
a7y 9 312 SURIN 964

> 10 101 NAKHON SAWAN 06
ggg 11 117 PHETCHABUN €67
ot 12 303 CHATYAPHUM B8I7
ot 13 110 CHIANG MAl B13Z
27 14 412 SONGKHLA 79z
o 15 1039 CHIANG RAI 788
g 16 103 PHITSANULOK 768
s 17 313 NBNG KHAI 724
ki 1€ 304 NAKHON PHANDM 713
S 19 301 KALASIN 704

20 311 SAKON NAKHEN 703

222 gi 213 CHON BURI £79
£as 22 115 KAMPHAENG PHET EE1
oot 23 216 PRACHIN BURI £54
24 225 SUPHAN  BURI 649

331 25 307 MAHA SARAKHAM €43
583 2E 222 RATCHABURIT E07
57i 27 414 SURAT THANI- S81
552 25 218 KANCHANABURI =61
333 29 205 AYUTTHRYR 552
Si7 30 206 LOP BURI 550
438 31 219 NAKHON PATHOM 547
473 32 114 SUKHOTHAL 523
470 33 102 PHICHIT 515
470 34 106 LAMPANG S0E
3] 35 212 CHACHBENGSASD 497
443 36 ILE YASOTHON 13:31
113 37 208 SARABURT 46>
437 3B 207 SAMUT PRAKAN 454
426 38 309 LPEI a6z
426 40 4DE PATTANI 437
403 41 220 PRACHUAP KHIR] IKHAN 43s
40z 42 104 UTTARADIT 431
379 43 405 NARATHIWAT 4zge
376 44 408 PHATTHALUNG 41z
7 45 217 RAYONG a1z
371 46 102 PHAYAD 40
363 47 40T TRANG 393
360 48 203 NSNTHABURI 391
336 49 105 PHRARE 385
I3 S0 211 CHANTHABURI 364
31z St 402 CHUMPHON ISE
509 S2 221 PHETCHABURI 338
306 ST 107 NAN 335
04 S4 204 PATHNM THANI 326
293 S5 202 CHAL NAT 313
z92 SE 115 UTHRI THANI 2ES
281 S7 410 YALA 273
280 SE 112 LAMPHUN 263
272 59 226 SANUT SRAKHEN 261
256 E0 40t KRABI wic)
250 E1 210 ANG THANG 230
249 62 113 TRK 208
247 §3 209 SING BURI 201
240 B& 215 NAKHON NAYOK 185
240 ES 413 SATUN 192
215 EE 223 SANUT SGNCKHRAM 188
189 &7 407 PHRANGNGA 12t
184 68 214 TRAT 167
157 £3 4039 PHUKET 143
152 70 111 MAE HBNG SaN 133
g7 71 411 RANDNG 1z

MAE HENG SON
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Table 3-2
3 af 3

T : % OF MAGNITULE:
rable 3-2 AREZ POTENTIALS TN THE OEDE -
mabe WHOLE CCUNTRY QF CHARGWAT
[Continued})

{5} Total Potential

Lapnoe Code Hoo

Order ard Name Potertist
{ 305 WEKHEN EATCHAFLINR LS%E
2 235 yan BATCHATHANI 1562
I &lé hAKbHER BI THOMMARAT {EET
4 208 HENCHINGBURT £22§
S 1.0 CHIAND MAI 1218
E 3i& UDBW THANI (178
7 U2 KPGh (CEEN 112t
B 612 SENZKH_S 1012
& 101 NEkKHOH SEWON 353

10 2.3 CeEN BLEI dz&
11 107 FRITSSLULEN |4z
12 225 &JErAN  BURL 839
1T I0= BURE RAM EE7
L& 102 PHITHIT 55
15 &4is SUEAT TAANMI TE8
16 222 RRTCHRBURT 778
17 117 PHETCHREUN TEL
18 312 SLRIN 738
19 3IUB RED £V e
20 301 KALASIN 7E1
2L Z1E FRACHIK BJRD 7Ll7
Z2 208 SARREUFT BES
2% 313 SI 88 KET BEZ
24 303 CHeRIVARHLD E73

25 115 wAXPHRENS PHET E70

2E 109 CHIAKE RAL BE

27 219 WEAHER PATHEN EL2

28 208 LER BURD &0%

29 405 NARATHIWAT 585

30 FLL sRqaid NAKAON j=i=10

31 BIT MAHS SARAKHAN 85S

32 272 RYUTTRAYR SEE

3z 212 CHACHOEWNGSAN 558
L 108 LEHFENG patodal
35 TOL HAEEAR PrARhOh SLE
3% 114 SUMHETHRD s34
I7 221 PHEETCHASURL aTe
35 220 PRACHUSE HHIRT fMaN 517
I8 &IT7 PRARNGNGS &L&
af I3 WENG KHAT 198
&1 &40 TRENG T4k
42 21T ROYONG 92
43 410 YRLA 83
L& &TE SATTANI 7

&5 207 TEMIT FRAMAN I8¢

46 401 KRABT TEL

&7 175 PHAYAC TLE

4g 201 CHAKTHARJRT I8

a9 E18 YAsIETHEN T4

50 116 UTHEL THANI 2%

gL 13 TR I0&
52 4CE PHATTHALLUNG 294
ST 409 PHUKET 282
S& 104 UTTARADIT 284
5T 308 LOEL 28T
58 20% CHAl NAT 279
S7 112 LAMPHUN 271
58 402 CHUMPHEN 282
29 109 PHERE rizing
B0 &li RANANG 251
Bl 203 NOKTHABURE et
62 224 SAMUT SAKHON 228
EY i07 NAW 224
E& 210 ANG THENG 200
ES 204 PRTHNM THANT 181
BE 223 SANMUT SONGHHRAM 147
B7 215 NAKHON NAYBK 141
BE 214 TRAT 1FL
ES 209 SING BURI 127
v 70 413 SATUN ==
71 111 MAE HOWNG SON IE

PO P,
H
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Table 3~3

VALUES BY CRITERIA AND AGGREGATED ARER

PCTENTIZLS: AMPHOE

hggregated Talye

Fucuze Facfor— Levels of Fopule~ Aggre~
Criteris Land mance of  Urban tlaq gated
Poteatiel Hajor fctivity/ Factar hres
Produc=~ Services Poten=-
tive
Amphoe elzly
Sectors
0101 M. NEKHEN Sawan S53L7 97 wesng \ESLLT e
010z LAT vAe 106388 (i7evs  eaeee  loeiee  aoet
0103 BANFHAT EHISRI 95303 £1817 2709 9226 e
Qigé Kao LIES ZEST4 29506 L5008 IHLGL 27577
0105 CHUMSRENG T1gzg 78205 E347X 72g82 g2750
0108 KROK PHAA 28958 22T03 ST 22326 28457
Q107 PHAYUXA KHIRD 30319  £0SeE £3i85 SIzaS  gasos
Q108 TAKHLI 2CITS  1€21&0 107110 ECTTE  ggiss
0108 THA TRKD g052&  1033Is9 sses7 =2¢s! 7537
Q110 FHRISALT E4T3S S5ELT SECH 76193 FECED
0111 NENG BUR LESSE {04003 4BaTL s57es 64682
C1L2 TEK Fa 21T Erane 47337 Le1v2  31Q17
0L M. SHICHIT 205772 135609 ES18T  LPBESL 1643193
G202 SRM NEaM 108527 EESTE ag1es STEE4  TISDE
Q203 TAFHAN BIN LI0SES 112037 TELZS  1(9EES 123017
02064 BANG MW WAK 84772 (L5326 Sa5E3 EQT0L gg4ge
J205 PHE THALE (24185 117175 85353 LO0ZEL o2ZED
0205 FHO FRATHAF CHONG TOESS £7500 &7 L1SBE  4S422
0207 WaAG SR PHUN ITLTE {8259 40064 48854 P52l
0301 M. FH1TSENULSK 208082 105382 2S04 (E2930  2raFls
0302 PHREH PHIRAM 23073 £8I7Z SS7SE EaTEL ZLETS
Q303 WeT BaT 1SO0783 ISITL LTOL3 IEIES  £38%2
0306 CHAT TREKAN T2LET 20295 51647 IZ2IE  I5AL2
G305 NAKHINY THAD 0SS5 775ES 7212 SL4ST BEIST
CITE WANT THENG 145477 2903 £3 283 98155 112757
007 BAKE KRETHUN {26159 4TSI LELDT 8GSL3T 7TeE:
0308 EQNG RAKaM BuE12 2EE14 SESY 131188 [pE2ie
0309 NEEN MAPRANS £2241 34602 L3822 §7866 Sia0
0401 H. UTTARRDET &IESE 91268 (50285 1SEL0E  1zeSES
0402 F8K THS 27345 12994 afagre 157E6 13481
403 NAM BRT SEI52 27I21 &IE&Z 27085 31278
D&se THE PLA 19802 20578 LETET Tizaz L5082
Q.05 LAPLAE iS22 10140 ag194 E:730  I749%
0405 TREN £0200 71890 50287 SaS88  SES17
0407 PHICHAT sg5770 ESLEZ 49EDS E7747  EO07ET
0408 BAN KHEK 15802 1058 T7ass 13636 375t
0S01 M. PHRAE ITIED 21960 29697 €1870 79815
Q502 SONG EITSE  1472%1 69419 EST3I4  EEazT
DSOT REND KWANG 33675 LBLED S03L3 SagdE. 41447
OS0a DEWN CHAl 19302 a0us s9191 IGTEE BLOLT
0505 LaNG ECELE astiz L8304 SOS79 &RITT
USUS SUNG rEN <O05ER 43I0ST SastiL FTE43  4S088
GS07 WENG CHIN S9ETL L4EE] LEELE 36789 40348
CEOL K. LAMERNG 111610 2se8s 19214 (zI3qy 1SO37E
Q602 WENG NUE L8926 LEGES 49636 418g1 ageQl
JEQS CHRE o 1574 61534 52383 S303F STERE
G604 KGN 52652 3154 §7092 T1270 &LIEF
CEOS HANT CHAT 27897 L1981 49239 L1966 32435
CEO6 WE HA 7084 49704 £0458 SES00 S5C54
CEQ7 MAS THE InLEn 717ED 47083 47728 45153
GEOs Saf pRES ISI03 g8 G4G3ISS 29044 ZE740
0E09 THOEK S1654 52023 S44EY IGECE 5333
CE10 MRE PHRIK SsSel 1264 4TSEL 18277 2zedi
CELL SACH NGAM £7293  IEIEl &&117 27EES SE193
GE1% HOE ME EB35S 17904 IB3ISY 21557 Z7ESL
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le 3-3 VALUES BY CRITERIA AND AGGREGRTED ARZA

TOTENTIALS: AMPECE (Continued)

hggregated Yalue

Future Ferfor- Levele of Faopuls— Aggre—
Criteris Land mance of  Urban tiom gated
Fotential Hajar hetivity/ Faztor hres
Praduc- Services FParen—
tive tials
dzphoe Seoters

0707 M. KAN 29539 2914t STERE T9S9E 75157
0702 THUNG CHANG 26732 T&OT L2639 17158 11054
Q703 CHIANG KLANG 29LET 19570 EBTEE =5838 20221
o704 PUR IB8G31 S20C7 &9ELT 45621 41245
0705 THR WANG PHA tid-ing 3E3ITe £5TES 51492 I2zIT
QrUE MAE CHREIM EREZ4 2028 40885 17580 2794
07a7 =4 EO07FIT 57303 53298 &£1554 JOeTL
0708 ke Nl 20872 1B239 45381 TIS08 19219
D709 BAN LUAKG 36549 1327 Is27C L 7LES 1102z
0210 WA MUENK 19802 oot IB1SB 2IELE £545

g5788 11iE0S S2E3E 9E08Z 108297

G801 M. FHAYRG
DEQ2 CHIRNE KeiAn E1S1&  E0EST  G0BAS 114502 9602
O8O3 FONG §78%6  Sa7ze 47511 32290 40SZ
QEQ& CHIENT MJAN 42886 SEml 43976 22287 19635
0E0S CHUN S7122 47547 S4S7S 2248 G2ISE
0808 Dok iGEE TAI £S330 €535 S6S4L 73279 E4433
0807 MAS CHAL 37715 32028 4SS29  SSSi8 3794
0301 M. CHIANS RAL 108098 173156 1ISIES  (E411T  17288%
0802 MAS AL 103832 43374 ©7492  FOIEE  J4AES
0203 THIANG SAEN 31657 32551 51646 59379 33073
0204 CHIRNG KHENG ssgas 0820 S175C 48009 5283
020S MRS CHAN 42308 9883 S9199  g9Ees  7S029
D206 THOENG 71020 133302  §00S! 110S73 104515
0907 PR DAST 21777 23332  4S98C 41064 23323
0208 PHAN B1931 1E44a8  7EI120 107623 116271
0ace MAsS Sual 35576 38482 4719% 4201t 24164
OS1\C WIRNT FA PAC 2EILT  T4ER S3243  Gi1lB  SL4E7
0911 WIANG CHAT 48331  S87Ss  S272@ 70825 SS624
1001 M. CHIRNG MAL 20379 2415 S 2eagS
1002 rRe At Sees  ceize  asise  ieses seon
1003 FANG 53892 111742 4505 7ES33 82654
1004 CHIANS TRo 71413 68220  S513sC 4973 S3269
1005 MAE TRENG a 57132  SEE1S 42933 37450 GEITO
1006 FHRAD 45653 44D22 45308 34587 36624
1007 SANENG 20412 30053 41302 20613 171i8
1008 MAE RIN 12622 2833 5essT SEITI 38577
1DOS SAN SAI 30778 43884 51792 EEZEL 45936
1010 D2 SAKET 1ES971 49314 SO06S5 42508 6Lt
1011 SAN KAMPHRENG IESSC BOEGS  59:18& €440 £008S
1012 SARAPHT 20 SUSE  oisss  Liees  Suaiz
1013 HANG DONG 20806 39302 nare:  eoees 39245
1014 SAN PR TENG 28340 B1982  £2418  eoize  £6233
1015 CHEY THANG L4EOE  BS7I0  SgasT bl coe=aT
101€ MAC CHRER 26317 I7103 43855 Egigg Se0es
LUL? Har 1388 20903 4572 me 29345
1018 ekl Sie42 40721 areis  i2scg 4334l
A 33217 198073 42727 D2ETE 2657
1101 K. MAE HaWG Sen E4144 2 cam -
1102 FAL 37ées ioyy sso 21581 23973
1102 KHUN YURK 12368 ge3g sioso  lesoe AESCS
1104 KAS Lo N 2256 21908 seige  Sbel  Ahnas
5 MEE i i - = LEES =585 20722
SARLANG 22968 85813 sp088  gosar 49534
1201 M._LANPHUN
1202 MAE TR iggié 1 gggé 99849 1I1E8TS MSBEE
1203 PA Sang sG3te  oaman o180 ziesg  74SS
1204 BAN HONG steen  ogms.  o02s3  7egy B2
1205 LI 128477 EETSU SOZET a2gcsi EL8xL
1206 THUNG HUA CHANG £1758 1750 aoea  dgeE. B4R
G 37570 1B4B3 1293
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Table 3-3 VALUES BY CRITERTL AND AZGGRECGRTED AREZ
TTT A @ | ¥ iated .
POTENTIALS : AMPHOE CCOnt:Lnuad}
iggregated Value

Puture Eerfor~  levels of Pepela- Aggre—

Criterie Land zance of  Urban ticn gated

Foreatigl Holor Aettvicy/ Yaster ires

Produs~ Servrlices Feten—

tive tials

Amphae Sectere

1301 M. TRAK I3859  gEeS? S¥345 €3993 108074
1302 THR SENS YANG L8202 57830 4181 1S58 el
LI035 MAS RAMAT 42273 18343 43108 IZ23?  =SELS
304 BRH NCGRS g2440) 23069 &SESE 24880  4D&Q9
LSO BAN TRK 119%68  S8els 48852 304085  SLEEE
1206 MRE SAT 21443 77620 ESESA S9856  S4S4E
1337 UMPHRAG 129260 LETO4 40628 13720 LELTS
1208 PHIF PHRA 53958 L0eTS 32097 1&118 18708
1401 M. SUHRETHRI 19802 77369 E7622 101571 @ 7493%
16402 81 SATCHEENALAL ZETES 87144 42043 E5232  S9064
1603 THUNG SALIAN 19802 4STET 48T 44772  IT2a59
1404 SWRANKHALAK ECcves 738E0 EETES 97Zz8  EEII3
1405 81 SAMRONG 793 55520 S45LE 71830 43341
L4CE KENG KRATLAT Tha22 53205 &3533 6933  a&iQs
16487 MMIRI MAT 49427  I3IITS  4B205 39348 IBLI0
1605 BAN DAN LAY HOI (74965 20027 &304 1 25029 BS9S:
LADE 5T MAKHEN 22353 iTEZE £3503 LS1ES  24BEE
£501 M. KANMPHAENG PHET ST7A06 1TETEY 1I7IIE (ES03I2 FOEV3I
1502 FHEAH KRATAL 129552 SET4T SEEES 716843  ES54EF
1503 KHLENG KHLUNG iTIS4E 133062 718817 gL328  13I6E96
1506 KHANY WERALAKSABURL LZELLL 123927 79358 108SSEe 129578
1535 SAI NIaK 121104 &187S 1305 =250 EE806
{506 KLANG LAKN 87037 23853 L0364 31202 40545
(557 LAN KRABY 32651 35252 IISEE 43318 I1aBS
1801 K. UTHAI THANI 34230 ZEEET TELTT sEalg 45302
1602 SAWANG ARAM 20183 29248 L1476 IDLFT 2413
1303 THAF THAN 29805 41005 £T119 IZLes  2E7SE
1E0L NEKS KHAYANG 53215 21871 £1291 19182 26557
1EQS WENG CHANG E4103 45185 47588 4ggdz 47400
160& BPN RAIL 121768 103020 52933 27802 ;mzigz
LEDT LAs SAK a03gs L2264 lgoss 4E071 38295
L7CL M. PHETCHAEUN g21%6  L7ES1E YEIT2 §2ITLIE 133§3§
1702 Lari Kae 5446 SOEE3 S233E 51908 4942
173 Lad SAX 4J&7S  14EZ7E 7488  L3I73ICT 115676
» 2037 g 3z £s0E3

1704 HANG £HAT 20378 13I68SI EESC2 10233 £sa
1709 WICHIAN BURL 24158  17DELE £5€07 eszée  99EES
1706 CHAN DREN 144278 91443 E0287  1ZEB7S 120646
I THER s Se622  SiZi4  42EEF  LTEED

{707 81 THER S3082 =
7 NG ; 22608 79731 SEETI ES7IL SLEEE
1708 BUNG SAM Fran 22508 = . a5a

1709 NAY NAG 4TEBL -1 32163 18271 e
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Table 3-4
1l of 2
Table 3-4 AREA POTENTIALS IN THE ORDER OF MAGNITUDE: AMPHOE
Amphoe Code No. Total Amphoe Code No. Total
Order and Name Potentials Order and Name Potentials
T ——
1 1001 M. CHIANG MAI 229855 230000 61 0407 PHICHARI EO7S7  &log
2 0301 M. PHITSANLLOK ~14706 215000 €2 (1107 FHAYUHR KHIRI €050  &iog
3 1501 M. KAMPHAENG PHET ~D6733 207000 63 1011 SAN KAMPHRENG EDDSS  ENogg
4 0101 M. NAKHBN SAWAN 179537 1£0000 B4 1012 SARAPHI EOC1Z  £00y
5 0901 M. CHIANG RAL 173882 173000 85 1402 SI SATCHANALAIL 59064  Sagy
6 0201 M. PHICHIT 164393 164000 65 0406 TRON SESLT  Soqm
7 D601 M. LAMPANG 150376 150000 67 0911 WIANG CHAI SSE24 SRy
8 1701 M. PHETCHABUN 137602 138000 £8 0609 THOEN S5I33 ssug
9 1503 KHLANG KHLUNG {IE696 137000 69 0606 K8 KHA S5056 S50
10 1504 KHANU WORALAKSABURI 129578 120000 70 D302 PHROM PHIRAM S4E7S  s80m
11 0401 M. UTTARADIT 108586 129000 71 1708 BUNG SAM PHAN 54586 5500
12 0205 TAPHAN HIN 123017 123000 72 1306 MAE sar 54548 55003
13 0102 LAT YR8 121863 122000 7% 1004 CHIANG DAB 53269 5300
16 1706 CHON DREN 120646 121000 74 0904 CHIANG KHONG 5269%6 S0
15 0908 PHAN 11E271 11E0O0 75 0910 WIANG PA PAC S1467 S0
16 1703 LAM SAK LISE76 11E000 76 D309 NOEN MAPRANG St201  S1om
17 D306 WANG THONG 112757 113000 77 0707 SA SOB7L  Si00g
18 1201 M. LAMPHUN 109328 109000 78 1105 MAE SARLANG 49534 5000g
19 080t M. PHAYAB 108297 10€000 79 1702 LBM KAQ 49488 4900
20 1301 M. TAK 108076 108000 €0 1603 SI SAMABNG 49341 4900
21 0308 BANG RAKAH 106232 106000 &1 0S0S LONG 48337 4800
22 0906 THOENG 104515 10S000 82 1707 SI THEP 473562 48000
23 LEOG BAN RAI 103377 1DI000 B3 1605 NANG CHANG 47400 67000
26 0108 TAKHLI 896359 95000 B4 1005 MAE TRENG 48770 A700
25 1705 WICHIAN BURI 95868 95000 €5 1307 UMPHANG HEATS 68000
26 0205 PHB THALE 82241 92000 €6 1009 SAN SAI £5338  &BON
27 0204 BANG MUN NAK £9493  £2000 87 0208 PHO PRATHAP CHANG 45422 45000
28 1704 NONG PHARI £9069 83000 £8 1601 M. UTHRI THANI 45303 45000
:;El 0103 BANPHAT PHISAI €8923 £9000 89 Q07 MAE THA 45153 45000
30 0502 SaNG €8427 88000 90 0S50S SUNG MEN 4SDEE 45000
31 1404 SHANKHALEK EE333  EBEOQD 91 1405 KONG KRA &
32 0802 CHIANG KHAM £6092 85000 az 'I.Cllg gﬁKg[K ILAT agég? ?éggg
I3 13502 PHRAN KRATAL 85467 85000 9% 0704 PUR L1545 62000
34 1010 DOI SAKET 83511 284000 94 0S03 RONG KWANG 41647 41000
35 1003 FANG 82634 B3000 95 0604 NGAD a1127 41000
S6 (G301 M. PHRAE 79835 20000 9E 0S07 WANG CHIM 40948  4t000
S7 0103 THR TAKD 79537 20000 97 0502 WANG NUA 40701 610G
38 0701 M. NAN 75157 75000 98 1506 KLONG LAN 40S45 41000
39 0110 PHAISALI 75062 7500Q 99 0803 PONG 40529 41009
4D 0305 MAE CHAN 75023 75000 100 1304 San NGAS 6D60B 600N
41 1401 M. SUKHOTHAT 74992 75000 181 1013 HANG DONG 39245 39000
42 0902 MAE SAl 76485 74000 102 1008 MAE RIN 58277 53000
43 0202 SAM NGAN 2606 74000 103 0611 SOEM NGAM IBISS  Toom
44 1D1S DOL TRB 72857 73000 LD4 0903 CHIANG SAEN 28073 3E000
45 D307 BANG KRATHUM 72851 73000 105 1002 MAE Al 38031 35000
46 0303 WAT BOT 69592 70000 1068 0807 MAE CHAL I7994  TECM
a7 1505 SAI NGAM GBE0E  £9000 107 0405 LAPLRE I7433  z7000
&8 0503 CHAE HOM E7968  6B000 LO8 1202 MAE THA 7455 37000
49 1205 Lt 66768 57000 109 1008 PHRAG IEE24 7000
S0 0305 NAKHAN® THAT €6257 65000 110 1407 KHERI MAT I5420  g000
St 1014 SAN PA TONG 2
52 1408 BAN DAN LAN HoI €353 G000 112 egy com KN Ise8s o
53 1305 BAN TAK 64866 65000 113 a9 3ae =
08 MAE suat Tn1Ee  —oooo
S4 D111 NBNG BUA & S4les  cudo
ST G jsGBenar o s S
6 0105 CHUMSAENG 62750 63000 116 070 o =
-~ 3 THA WANG PHA T2 <2000
57 1015 CHOH THONG £2533  6I000 117 15 322%7 a0
z 07 LAN KRADU z 0
S8 DEOS CHUN £2356 62000 118 Q Slass 300
- 403 NAM x
gg :fgf ggNans E221T  £2000 119 0112 TaK :;gr :{§§§ 3}333
2 HONG 61821  £2000 120 t10f M. MAE HONG SN 3

29574 30000 §
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Table 3-4 AREA POTENTIALS I

MAGNITUDE:

N THE ORDER OF

AMPHOE (Continued

Amphoe Code No,

Total
Order and Name Potentials
121 1017 HOT 29345 29000
122 1803 THAP THAN 28798 29000
123 0106 KREAK PHRA 28457 28000
126 06512 MAE MO 27951 28000
125 0104 KRG LIEG 27177 37000
126 D608 SbP PRAP 26740 27000
127 1016 MAE CHREM 26063 2E000
128 1303 MAE RAMAT 25618 26000
129 0207 WANG SAL PHUN 25218 25000
130 1409 SI NAKHAN 2LEES 25aaa
13t 1604 NONG KHAYANG 24557  2500Q
132 1302 THAR SANG YANG 264544 25000
133 1602 SAUWANG ARGH 26135 24000
1Z4 Q907 PA DAET 2IB2F 26000
135 0610 MRE PHRIK 23801 24000
136 0504 DENM CHAL 21043 21000
137 1104 MAE LA NOI 20723 21000
1X8 0703 CHIANG KLANG 20221 20000
139 080G CHIANG MUAN 19435 12000
140 D708 NA NOIL 19219 13000
141 Qa0& THR PLR 19082 19a0aa
142 1308 PHOP PHRA Le7as 19000
L4Z 1007 SAMAENG 17118 17q00a
144 1103 KHUN YUAR 17022 {7aao
145 1102 PAL 16503 17000
146 Q402 FRK THA 13191 1I00a
147 1206 THUNG HUR CHANG 12998 130049
148 1709 NAM NAO 12094 12000
149 0702 THUNG CHANG 11054 ito0n
150 0709 BAN LUANG 11023 1toao
151 0706 MAE CHARIM 2734 3200
152 0710 NA MUEN 6345 7000
153 0408 BAN KHOK 3761 4poo
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CHAPTER 4

APPROACH TO PLANNING

4-1 DEVELOPMENT TARGET

From the analyses made in Chapters 2 and 3, the following
implications to the road develcpment for the Northern Region
can be drawn. First, it is very important to strengthen
rurzl-urban linkage within the Region. With rich water
resources and comparatively high yield, crop diversification
which is stressed in the National Plan, is a central and via-
ble strategy for the agricultural development in the Northern
Regicn. The agricultural diversification calls for linkage of
production, processing and marketing, including fereign trade.
The rural-urban linkage is warranted from the standpoint of
urban development, too. Despite that Muang Chiang Mai is the
second largest city in Thailand, its population is only one-
fortieth as much as Bangkok and average level of urbanization
of the Morthern Region is lower than any other three regions.
For the Northern Region, however, it does not seem sufficient
to stress the development of "urban growth centers". Many
other local centers need to be developed simultaneocusly sc as '
te form a city system, including the "urban growth centers”
of course, in order to keep surplus out-migration from flock-
ing into Bangkok and raise agro-industries and other related
urban activities for regional development. This city system,
if it is to be fostered, demands hierarchic network of rurai-

urban linkages.
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Second, accegs to high potential lands should be ensured. 1In
the Northern Region, area of cultivable lands is much more
limited than other regiong due tc mountainous topography.
Environmental constraints are another factor of limitation in
potential lands. Disordered encroachment of forest area is
undesirable especially for the Northern Region which has

watershed area of the Chac Phraya and other rivers.

The topographic and environmental constraints lead a greater
emphasis on full utilization of high potential lands by
providing access to markets and villages. Planned provision
of access is necessgary not only for enhancing agriculture but
for forest preservation because administrative control alene
can never stop forest encroachment and guided land use change
appears mere effective. Provision of access with irrigable
area is proven to be most promising in the Region when many
large-scale irrigation projects are underway.

Third, it should be recalled that, from macro-scopic view-
point, Thailand seems to ke left behind other countries, even
some developing countries, in overall level of rozd develop-
ment. In addition, the Worthern Region is among the lowest
compared with various national standards, as seen in Chapter
2. On the other hand, dependence on road transport has been
increasing without diversified transport network of other
modes. It should, therefore, be justified that rozd milage
be increased especially at secondary or feeder rcads levels.
&s the National Plan suggests, expansicn of feeder road net-

work leads to fuller utilizatior of arterial network, in gene-
ral.

In view of challenge for road development described above,
development targets have heen set as under:
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* To reinforce network of linkages between and within
administrative, social and economic units of the region
in order to encourage urban-rural interactions, inter-
urban as well, and establish a physical frame for a bal-
anced develeopment of the regicn; and

Tc ensure access for the areas which are endowed with
potential resources, including high productive lands,
thereby attaining maximum utilization of +the region's
regources for national economic development as well as
improving living standard of the people in such areas.

4-2 PLANNING CRITERIA AND INDICATORS

The development targets need to be translated inte a set of
criteria for project identification sc that functions of
identified roads are consistent with the development targets.

Considering that Changwat and Amphoe are nct only administra-
tive but wviable =zocio-economic unit in almost zll casesg, they
are identified ag basic areal unit to be used in criteria.
In addition, hinterland of market is identified zy ancther

areal unit in order to take into account commedity flows.

Thus, the first target, namely, reinforcement of intra-
regional linkages, is translated into the follcwing criteria:

Criteria 1 Toe link among:
L. Centers of adjacent Amphoe (Inter-2Zdjacent
amphoe Linkage),
E. Centers of adjacent Changwat {Inter-
Changwat Linkage), and
C¢. Changwat centers and its Rmphoe (Intra-

Changwat Linkage].
Criteria 2 To link centers of Amphoe within Market Zone

with:
p. Market center (Intra-Market Zone Linkage).
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Criteria 3 To link existing artery paved highways
---------- directly:
F. With centers of neighbouring Amphoe
(Amphoe-Artery Road Linkage), and
F. In an East-West direction (Laterial-Type

Linkage).

The second target, namely, ensuring access for high potential
lands and people therein is translated into the following

criteria:

Criteria 4 To ensure access to high potential lands by:

i G. Improving existing unpaved roads with
high development potential alongside
{Improvement of DOH Unpaved Roads), ard

H. Providing hetter access with isolated

area with high development potential,
particularly in 8 Changwat in Lower
North (Feeder Road Reguirement).

Eight criteria should not be taken as a set of the necessary
conditions to be met by candidate projects. Rather, each
criterion is to be considered independently to correspond to
each assessment of different types/functions of road.

Concrete indicators are necessary to identify priority links
in the light of the criteria. KXind of indicators varies from
one to another depending on criteria. In principle, however,
the indicators employed in the Study are broadly categorized
into two aspects: one is the level of physical accessibility
of links and the other is the relative importance of links
from socio-~economic viewpoint on the basis of area potentials.

Detailed specifications of respective indicators are described
in the next Chapter.
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IDENTIFICATION OF ROUTES






CHAPTER 5

(DENTIFICATION OF ROUTES

9-1 PROCESS OF ROUTE IDENTIFICATION

Process of route identification based on the planning criteria
proposed in 4-2 is shown in Figure 5-1.

As shown in the said fiqure, the study for route identifica-
tion was carried out dividing it into following 2 steps:

i) Step I : The linkages or the road regquirement areas to
be analysed in the Step 2 were selected
individually by each criterion mainly on a
theoretical basis. The major indicators
applied for assessment are: 1) the level of
accessibility on the links and ii) relative
importance of interaction between nodes of
each link, which are expressed by inter-nodal

gravity or commodity flow volume, etc.

ii) Step II : Technical possibility of the improvement of
the links or areas selected in the Step I
were examined on the bhasis of topographic
maps and the results of field reconnaissance.
The routes thus determined were adjusted tak-
ing the DOH's comments into account and fi-
nally listed up separating them into short/
medium term program and long term program.
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5.2 ASSESSMENT OF LINKAGE AMONG SOCI0-ECONOMIC CENTERS
{Criteria A&, B and C}

Linkage between sccio-economic centers was assessed in the

following three cases:

i} Inter-adjacent Amphce Linkage {Criteria A}
ii} TInter-Changwat Linkage {Criteria B}
1ii} Intra-Changwat Linkage {Criteria C}

The linkages between these centers were assessed from two
aspects; accessibility on existing road links connecting

these centers and inter-nocdal gravity which indicates rela-
tive importance of socic-economic relationships between them.

3-2-]1 BAssessment cf Accessibility

Level of accessibility on a linkage between nodes on existing
road network can be theoretically specified primarily by
comparing the travel time on the shortest existing route
available with the travel time on an ideal rcad route between
the nodes.

Hence, the following formula:
E = —

where, A& ¢ BAccessibility

T1 Travel time on the existing road link

e

Tz + Travel time on the ideal rocad link

The hypothetic ideal road was assumed to be paved rcoad which
connects two nedes in a straight line free from topographic
and other constraints. In other words, the hypothetic ideal
road link is a level tangent paved one.
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The shortest available route te he cempared with the

corresponding ideal route was assumed as a level tangent road,
in order to ensure the comparison on an egqual basis.

The length of existing rocad links was measured separately for
paved, laterite surfaced and earth surfaced secticne by the
use 0of the road map of DOH District 0ffice. &nd, the travel
time was estimated assuming different traveling speeds by sur-
face corndition:; 80 km/hour on paved section, 50 km/hour on
laterite section and 20 km/hour on earth sectiocng. The length
of ideal rcad links was calculated from ccordinates value of
each node on 1 to 250,000 scale topographic maps and the
traveling speed was set simply to be 80 km/hour, since their
sections were assumed to ke all paved.

Accegsibility was assessed by the following twe sub-indicators:

i} Sub-indicator 1 : Linkages with travel time ratic of
mere than 1.5 were regarded as ones
providing poor accessibility.

ii} Sub-indicator 2 : For the linkages defined as ones of
poor accessibility by Sub-indicator
1, the differences of travel time
were then checked, and those linkages
with travel time differences of less
than 0.3 hours were remcved from
further ceonsideration, regarding that
improvement of them weould provide
quite small effects.

Accessibility of each linkage were systematically calculated
by £illing the calculation form as given in AZppendix 5-1.
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5-2-2 Assessment of Inter-Nodal Gravity

Inter-nodal gravities were estimated in order tc assess rela-
tive importance of sccic-economic relationships between

nodes.

Since importance of inter-nodal relationships was to be exam-
ined only in relative term in this study, the inter-nodal
gravity coculd be specified by a simplified expression as

follows:

¢ = By »2 Pj
L
where, G : Inter-ncdal gravity
Pir P4: Potentials of nodes i and j
L : Distance between nodes

The potentials of ncdes, P; or P4+ were represented by the
area potentials of each Amphoe for AEmphoe centers and by those
cf Amphoe Muang for Changwat centers which were estimated in
Chapter 3, respectively.

For the distance between nodes, I. in the formula, the length
of the ideal road link calculated in 5-2-1 was applied.

In the analysis of the inter-nodal gravity, node pairs with
higher gravity than the average value were regarded as those
which have close relationships in terms of sccio-economic
activities.

5-2-3 Identification of Linkage to be Analized

The linkages between soclo-economic centers +o be further

analized are identified as those screened by two major indi-
cators defined in 5-2-1 and 5-2-2.
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Numbers of the pertained linkages checked were 329 links for
inter-adjacent Amphoe linkage, 36 links for inter-Changwat
linkages and 127 links for intra-Changwat linkage. These

linkages checked are shown in Drawings 4, 5 and 6, respec-
tively.

mmong them, however, the linkages which were visually judged

to provide a good accessibility were rejected from the subject
for further assessment. Thus, 189 links for inter-adjacent
awphoe, 18 links for inter-Changwat and 48 links for intra-
Changwat were screened cut as the subject links for quantifica~
tion of the accessibility and inter-nodal gravity. They are
shown, with value of quantified indicators in Zppendixes 5-2,
5-3 and 5-4.

As a result of the assessment, 22 linkages in Inter-adjacent
Bmphoe case, 3 linkages in Inter-Changwat case and 1 linkage
in intra~Changwat case were identified as the pricrity link-
ages to be analysed. They are shown under-lined in the said
tables in the Zppendixes and double~lined in the said Drawings.
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£.3 ASSESSMENT OF INTRA-MARKET ZONE LINKAGE
(Criterion D)

The linkages of those cases checked in 5-2 were chosen bkasged
on the basic concept that Changwat centers or zmphoe centers
forming hub cities in the region ghould be connected each
other in good conditions to facilitate better social mobility.
In this section, the assessment of the linkages between hub
cities having functions of assembly market of major agricul-
tural products and Amphoe belonging to their zone of influence

was made focusing particularly on economic connections.
Those linkages were assessed by two indicators; accessibility
and commodity £low volume. The assessment of accessibility

were carried out in the same way as applied in 5-2.

£E-3-1 Asgsessment of Commodity Flow

To investigate the relative importance of linkages between
asgembly markets and their related Amphoe, the volumes of
commodity flow on the specific links were assessed, putting
gtress mainly on agricultural products, as follows:

1) Egtimation of Shipping amount from Amphoe
For the estimation of the amount of surplus agricultural
products to be shipped from each Zmphoe to assembly mar-
ketg, the amount of local consumption such as food, feed,
processing materials and seeds preserved for local market
or farmers was estimated as in the following manners.

Paddy: aon the basisz of population, number of farm house-
holds and the area cultivated annually in each Amphoe,
the amount of foecd (white ricej, processing material and
preserved paddy and seeds available to the farmers was
estimated with reference to the reports and information
obtained in the field study.
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Maize, Beans, Fruits and Vegetables; the amcunt is es-
timated using the information of repartséf export amounts
at the natiocnal level, and several Changwat agricultural
cffices. Local consumption amounts for maize and beans
were estimated at around 12% and 50-60% of the production
amcunts respectively. Fruits and vegetables were usually
consumed nearby the preoduction areas. In the larce
productien centers, such as in ané around Kuang Chiang
Mal and Lamphun, a certain amcunt of the surplus is ship-
ped to terminal markets.

Raw Materlals for Processing, such as Sugarcane, Tobacco
leaves, Cassava roots and Seed cotton; zZlmost whole
amounts or production are carried cut te the factories by
land transportation via local drying places, or directly
from producing areas.

The shipping amount of main agricultural products in each
Amphoe was estimated by feducting the amount of the local
consumption estimated as in the above from the total
amount of products in each AZmphoe, which are given in
Appendix 2-2 and Drawing 2.

s ) o,y P A e ] ) o o . D ) S ) VD ) ] o S S ot ) ) ) P W g (e o ot I o g

Generally, marketg for agricultural products are clas-
sified inte three categories, local assembly markets or
grawer's markets, major assembly markets or processing
places, and terminal markets or Bangkok wholesale markets.
The markets which exist in the Region are mainly local
assembly markets and major assembly markets. However,
cities of great consumption such as, Wakhon Sawan,

a) The marketing Costs and Margins of Farm Products

b} Estimate of Food Consumption in 1977-81, Agricultural
Econcomic Division, Ministry of Rgriculture & Coopera-
tives



Phitsanulok, Lampang, Chiang Mai and Chiang Rai are
considered as terminal consuming markets for some food

crops in the Region.

Local assembly markets are usually located in the places
where crops are produced and where middlemen or local

dealers purchase the products directly from the farmers.
Products collected are then sent to major assembly mar-

kets nearby or closely related.

Major assembly markets are located mainly in urbanized
zmphces where the access to trunk highways, railways or
waterways is available, and agricultural processing
facilities exist. Information on the marketing cf
agricultural products was obtained from various sources,
such as Industrial Economic and Planning Division, Divi-
sion of Agricultural Economics, Ampheoe Crop Production
Reports prepared by Changwat Administrations, the State
Railway cf Thailand and the Inland Waterways Cargo Traf-
fic Survey by the Harbor Department. According to them,
there are arcund 50 places which can be called major
assembly markets or which have processing factories for
sugar, cassava, tobacco and cotton.

After agricultural products are gathered at major assem~
bly markets, the products are shipped ocut to terminal
markets, or to exporters, by either railways or by exist-
ing land or water systems. Processed agricultural goods
such as sugar, cassava pellet or flour, tobacco, ginned
cotton are sent directly from the factories to terminal
markets, or tc other refinery and textile factories.
Commodity flows to bhe considered in this study are limit-
ed to the flows from local markets to major assembly mar-
kets or major processing places, as transportation of the
products by truck teo terminal markets are throuch on the
artery paved highways which are already improved.
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Studying the zones of influence of each major assembling

center, linkages between assembly markets and the related
Amphoe were specified.

On the basis of the estimated shipping ameunt of main
agricultural products from each Emphoe, flow volumes were
assigned to each specified link by crop and then summed
up. Thus estimated commodity f£low by 0/D pair are shown
in Eppendixes 5-5 and 5-6. In the estimation of the flow
volumes, major crops were limited to rice, maize, beans,
sugar cane, cassava and tobacco leaves, as the handling
volumes of the octher crops were not so signifiecant.

3} Rssessment of Commodity Flow
Among those of the checked links, the linkages with the
commodity volumes of more than average were regarded ag
the linkages which have economically important rela-
tionships.

5-3-2 Identification of ILinkages to be Enalized

The intra-market zone linkages to be further analysed ware
identified as those screened by two indicators, satisfying
the conditions cf poor accessibility and above average commod-
ity flow volume, as described previgusly. XNumber of the link-
ages checked was 256 links as shown in O/D table in Appendix
5~5 and Drawing 7. However, the linkages which can be cb-~
viocusly judged to provide good accessibility were rejected
from the further assessment. Thus, the linkages assessed by
the guantified indicators became to 61 links. They are shown,
with their quantified indicators, in Appendix 5-7. Finally

as the result of assessment, 8 linkages were identified as
those to be further anzlysed. They are shown putting under-
lines in the said tables in Appendix 5-7 and double-lines in

the said Drawing 7.
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6-4 ASSESSMENT OF AMPHOE TO ARTERY HIGHWAY LINKAGE
{Critericn E)

From the viewpoint of forming better road networks to facil-
itate better social mobility, it is reguired, at least, that
every Amphce should be connected with artery highway by paved
road. FPFurthermore, even in case that a connection by & paved
road is avzilable, the comnnection is desirable to be in hetter

condition in terms of direction and distance.

on the basis of the above-menticned concept, conditions of the
existing road netwerks connecting Zmphoe with artery paved
highways were checked mainly referring tc the road maps
prepared by the DOH District Offices.

As the results, § links were identified for further analysis

as listed in Appendix 5-8.

5-§ AKSSESSMENT OF LATERAL-TYPE LINKAGE
(Criterion )

In the region, especially in its central part, trunk highway
networks in a North-South direction will mostly complete upon
implementation of the ongoing Route 11 and 1142, ¢n the other
hand, lateral-type-rcads which traverse linking Worth-Scuth
highways are not well developed in terms of density and condi-
tions of roads as well. Major factors which have caused the
insufficient development of East-ifest highways may include
topographic constraints and less benefitg atiributable compar-
ing with routes in a North-Souwth direction.

It is judged, however, that attention should be paid more to
the construction of East-West highways in future plans, view-
ing that very few routes in z North-South direction remain for
further development. In general concepticn, lateral-type-
highways in the Northern Region are desired to be planned at
around 50 km interval. Priority is, however, given to the
routes which satisfy fecllowing conditions:
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- routes included in a DOH's future plan but not yet
cormitted

- rcutes which enable tc utilize existing roads, even
small tracks.

From the above-mentioned consideration, 3 links of lateral-
type-linkage tc be analysed were identified as listed in
Appendix 5-9.

5-6 ASSESSMENT OF DOH UNPAVED ROAD
(Criterion @)

In order tc identify the road development reguirement at rural
level, all existing unpaved roads under DOH except thaose
committed for improvement were examined. For 118 links of
3,820 km in total, population and cultivable land influenced
by the roads were measured as shown in a table of Appendix
5-10 and in Drawings & and 9.

Links worthy of further analysis were selected from those who
have higher values than averages becth in population and cul-
tivable land per kilometer of subject roads as shown in
ppendix 5-11.

As the result, 13 links were identified as the subjects of
further analvsis. These links are shown marking a circle on
link numbers in the said table of Zppendix 5-10.

5.7 ASSESSMENT OF FEEDER RCOAD REQUIREMENT
{Criterion H)

To determine the pricrity areas which require feeder roads, a
concept to be called “rocad requirement index" was introduced.

One of the study objectives includes identification of feeder

roads reguirement in the central six Changwat, in particular,
Nakhon Sawan, Phichit, Phitsanulok, Uttaradit, Phrae and
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Lampang related to the ongoing Route 11 and Boute 1142, To

make the area subject to this study a geographic entity which
is easy to work with, two additional Changwats, Kamphaeng

Phet and Sukhothai were included in this study.

5-7-1 Recad Reguirement Index

Procedure of estimation of the road reguizement index is

shown in Figure 5-2.

The road requirement index is defined as a product of the
mesh potential and distance to the nearest existing road.

A mesh which has a high index is assessed as the one which
reguires more feeder roads. BAs a result, each mesh was c¢las-
sified into four ranks depending on its numerical index.

Calculated results of the road reguirement index are shown in

Drawing 10.

5-7-2 Identification cf Feeder Road Reguirement Areas

In section 5-~7-~1, the road reguirement index was defined, and

the value of the index was given tc each mesh.

Based on the calculated result, an area which was compcsed of
more than 10 meshes with more than a 1,000 index wvalue was
identified as a feeder road requirement area. However,

meshes located within § km from the nearest existing road

were not counted, as these areas were judged to have satisfac-
tory road systems.

As a result, 33 feeder road regquirement areas were derived as
the subject for further analysis.



5-8 [DENTIFICATION OF PROPOSED ROUTE

In the Step I Study described in the previous sections, pricr-
ity links were identified on =z theoretical basis from various
viewpoints of criteriz for further analysis in the Step II
Study.

In the Step II, the routes corresponding to each priority link
were exanined and planned on a practical basis, and finally
the proposed routes were listed up separating by implimenta-
tion phase.

The proposed routes were planned on 1 to 250,000 scale
topographic maps. In the planning, topographic conditicns,
locaticn of villages, utilizations of existincg roads, connec-
tions with other existing road networks, etc., were taken
fully into considerationm.

2z the identification in the Stepn I were carried out individ-
ually by each planning criteria, duplication were remained
among the selected linkace or links. They were, therefore,
arranged to eliminate duplicaticns in this step of the route
planning cn topographic maps.

The routes were alsc planned in consideration of combhination
of road functiong derived from different criteria. For exam-
ple, in case that the road reguirement areas are located
nearby a link tc be improved its accessibility, the route was
so designed that it would traverse the areas as much as pos-
sible sacrificing, tc certain extent, the travel time savings,
despite of the original zim at improving the accessibility.
The feeder roads were planned so as to pass through the heart
of the rcad reguirement areas and to connect it with a adja-
cent existing highway. B&fter the route planning on the
topegraphic maps, outcome of the planning were refined by the
results of field reconnaissances and discussion with DOH.
some of the routes were cancelled in this stage, mainly due

to the following reasons:



Roads mainly of other agencies exist in good conditicon
along or nearby the identified routes, inspite they are

rnot found in the beginning stage of data collection.

- Seme routes were decided recently to be committed for

improvement.

Finally, 44 proposed routes, 1,187.8 km in total, were listed
up, as shown in Drawing 1l. The following table shows compar-
ison between numbers of links selected in the Step I and these

of routes proposed finally.

Comparigon between Number of Links
Selected in the Step I and Step II

Humber of
Links Selected

Planning Criteria

Step I Step II

R Inter-&djacent Zmphoe Linkage 22 g
E Inter~-Changwat Linkage 3 1
C Intra~Changwat Linkage 1 0
b Intra-Market Zone Linkage g 1
E Amphoe~Artery Highway Linkage 8 8
F Lateral-Type Linkage 3 3
G DOH Unpaved Road 13 13
H Feeder Road Requirement 332/ g8

Totals iz

Note: 1/ mot links but numbers of the road requirements area

The proposed route of 44 links were presented to DOH for
comment and separation of the list into short/medium term pro-
gram and long term program.

&s & result, 31 linke of 862.1 km in total were selected as

routes for short/medium term, for which further evaluaticn at
pre-feasibility level is to be preceeded with., The remaining
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13 links of 225.7 ¥m in total were reserved for long term pro-
gram. The final Llist of proposed routes, both for short/
medium range and long range, are given in Table 5-1.
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Figure 5-1

PROCESS of ROUTE IDENTIFICATION
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OBJECTIVE AREA
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IDENTIFICATION OF THE ARFA
OF ROAD REQUIREMENT

TO SET ROAD NETWORKS

Exsisting: DOH (all)
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RID (all)
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International lending
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Grade 1
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| AMPHOE POTENTIAL)]
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where,
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di: distance from road to
Mesh-1

Grade Value of Index
1 More than 1,000
2 500 - 1,000
3 250 - 500
4 less than 250
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Table 5-1

l of 3
Table 5-1 LIST oF PROPOSED ROUTES
(1) SHORT /MEDIUM TERM PLAN
study Proposed Road Route Lenath (km}
Route New Method
No. Changwat Route Origin Destination ~TRFOVES . ctrue- morgy SYRROL
— ment ticn
1 Nakhon  R.3330/ B. Sam Yaek . phai Sali  23.3 3.3 G
Sawan PHD Samrong Chai (J.R.3004)
{7.R.1)
2 " R.1145 B. Hua Thanon B. Tak Fa 27.9 27.9 G
Nua {(J.R.1}
{J.R.3004)
3 W R.3328/ B. Sam Yaek B. Hua Thanocn 46.5 48.5 D
R.1145 ({J,R.1) Nua (J.R.3004)
4 " R.1119 A. Nong Bua B. Phanom Eok  22.0 32.0
5 " Rural A. Kaoc Liec B. Koel Chai 8.8 13.7 22.5 -
Kua (J.R.1118}
6 Kamphae- Rural 4. Xhanuwor- E. Map Yang 42.6 42.6 B
ng Phet/ alaksa Buri  {J.R.1142)
Nakhon (T.R.1074}
Eawan
7 Phetcha- ARD/S L. Chon Daen A, Nong Phai 39.3 2.4 41,7 yoA
bun MDU {7.R.113} {(T.R.21)
8 Kamphaeng Rural E. Thung Ma E. Nong Takhian 46.0 3.5 4.5 H
Phet Ha Chai
{T.R.115)
9 " Rural B. Thung Ma B. Tha Makhua 29.5 3.0 32.5 a
Hz Chai {J.R, 1084}
{J.R.115)
10 Phichit pwD/ 12.6 12.¢ E
RRD/ B. Tha Khoi A. Taphan Hin
R.S045/ ({J.R.1068} {F.R.1118)}
11 i R. 1207 1.1 le. 1
12 " Rural B. Wang cChik B. Pz Daeng 14.4 1.0 15.4 E
{T.R.1068} f7.R.1142}
13 * BVID/ L. Wang Sai B. Nong Phayom 13.0 11.0 24.0 A
Rural Phum {J.R.113}
{J.R.11)
14 Phichit/ Rural/ B. Wong B. Wang Pong 22.4 2.0 24.4 G
Phetcha- R.111%/ Khanak
bun R.1205 (J.R.11}
15 pPhichit/ =R.1221/ B. Wang Tham B. Tha Makham 7.5 1.0 8.5 B
Phitsanu- ARD (R.1221) {R.J.1114)
Iok
16 Kamphae- PWD B. Wang A. Lan Krabu 13.1 13.1 A
ng Phet Phikun {J.R. 1065}
{T.R.115}
17  Phiteznu- R.9034/ h. Bang Rakam B. Nong Bua 14.9 14.9 el
lok ARD {J.R. 1055} (T.R. 1142}
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Table 5-1

2 of 3

{1)

Table 5-1 LIST OF

PROPOSED ROUTES (Continued)

SHORT/MEDIUM TERM PLAN {(Cont'd)

Length (km) O
t en
Study Proposed Road Route g .
Route Improve- New ot
No. Changwat Route Origin Destination ment Construc- Total Yl
tion
T
18 Sukhothai ARD A. Khili Mat B. Nong Tum 13.5 2.5 16.0 g
{J.R.101) (3.R.9117}
19 Phitsanu- Coop. A. Phrom B. Nong 13.3 1.3 14.6 A
1ok Phiram Makhang
(7.R.11)
20 " R.1220 A. Wat Bot B. Na Kham 15.0 15.0 G
21 Uttaradit R.9053/ B. Na Isang A. Phichai 13.7 4.7 18.4 ¢
ARD (J.R.11)
22  Uttarad- ARD A. Phichai A. 5i Nakhon 11.5 1.7 13.2 E
it/
Sukhothai
23 Sukhothai R.1113 B. Muang Kao B. Muang Kao 37.2 14.1 5l1.3 G
(J.R.12) (J.Rr.1201)
24  Sukhoth- R.1048 A. Thung B. Don Chai 51.7 5.0 56.7 G
ai/ Saliam (7.R.1)
Lampang (R.1048}
25 Phrae/ R.1124 A. Wang Chin B. Don Chai 50.0 2.0 52.0 F
Lampang (7.R.1)
26 Lampang R.1184 A, Li B. Puang 18.5 18.5 F
(J.R. 106} {rR.1235)
27 " R.1219 B, Mae Thoei A. Thung Hua i6.0 0.5 16.5 E
(J.R.106) Chang
(7.R.1184)
28 Nan R.9061 RA. Na Noi A. Na Muen 20.0 20.0 E
(R.1026)
29 Chiang- R.1207 B. Rong Sua B. Huai Khom 13.4 13.4 G
Rai Ten (J.R.110)
30 " R.1174 B. Thung Ngiu B. Chomphu 42.0 1.5 43.5 G
(7.R.1020) {7.R.1020)
31 " R.1098 B. Kiu Phrac B. Kaen Tai 54.5 1.0 55.5 G
(7.R.1016) (J.R.1174)
Sub-total 790.2 71.9 862.1
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Table 5-1

Table 5-1 3 of 3
LIST OF PROPOSED ROUTES {(Continued)
(2) LONG TERM PLAN
study Proposed Road Route Length (km)
Route New Methed
No. Changwat Route Origin Destination "PXOVe~ onctrue- Total SYMPol
—_ ment tion
32 Nakhon  Gypsum A. Nong Bua B. Wang Katha 27.0 27.0 H
Sawan/  Road (J.R.1069)
Phetchabun
33  HNakhon B. Huai War B. Wang Xhon 25.0 25.0 A
Sawan/ Tai (J.R.1069)
pPhichit (7.R.1119)
34 Tak/Kam- R.1117 A. Umpang B. Khun Nam 34.4 34.4 E
phaeng Yen (R.1117)
Phet
35 Phichit B. Thap Xhle B. Khok Sa 10.0 10.0 H
{7.R.113}
36 Kamphae- B. Thung Sai B. Wang Samrong 50.0 50.0 H
ng Phet/
Phichit
37 Phichit/ R.1191 B. Nong B. Wang Hin 7.4 7.4 G
Phetchabun Ramang
(J.R.1205}
38 Phitsanu- Rural B. Plak Reat B. Bung Kok 5.0 5.0 H
lok {J.R.9034) (7.R.1065)
39 " Rural B. Rai B. Noen Phrai 15.0 15.0 A
(J.R.10863) (J.R.11}
40 " Rural B. Tha Kham B. Na Phan 23.0 23.0 H
(J.R.12)
41  Sukhoth~ B. Don B. Nong Phai 28.0 28.0 H
ai/Phit- Manuang
sanulok (T.R.12)
42 Uttaradit R.1214 A. Tron B. Nam Auang 12.5 12.5 E
(J.R.11)
43 " R.1047 A. Ban Khok A. Fak Tha 35.0 35.0 E
44  chiang J.1150 A. Phrao A. Wiang Pa 53.4 53.4
Mai/ Pao
Chiang Rai (7.R.1019)
Sub-total 212.7 113.0 325.7
Total 1,002.9 184,9 1,187.8
Total by Each Criteria
A: 9 links - 201.0 km E: 8 links - 192.6 km
B:1 1ink - 8.5 km F: 3 links - 123.9 km
C: 0 link - 0.0 km G : 13 links - 391.4 km
D:1 link -~ 46.5 km H: 9 links - 223.9 km
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CHAPTER 6

EVALUATION OF ROUTES

6-1 PROCESS OF EVALUATION

Economic evaluation, at a pre-feasibility level, is to be made
on routes selected for short/medium term projects, 31 routes
shown in Table 5-1, in order to present a priority ranking of
the routes. It should be noted, viewing the immediate aim of
this evaluation, that internal rates of return (IRR) to be
calculated hereby do not show any final indicators for the
project justification but provide a kind of yardstick for rela-
tive examination among projects.

The process of the evaluation on this stage is illustrated in
Pigure 6-1. Aall of the elements of project costs and benefits,
necessary for calculation of IRR, were estimated as discussed
in the following sections.
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Figure 6-1 FLOW OF EVALUATION PROCESS
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6-2 STUDY ROUTES

6-2-1 Inventory Survey

To obtain information on the present conditions of the iden-
tified 31 routes, the inventory survey was conducted at a
pre-feasibility study level of detail. The total length of

routes actually surveyed was about 340 km.

The major items of inventory survey comprised the road length
and width, alignment, surface type, embankment height/cut
depth, location and condition of bridges, terrain and land
use along the routes, and the past records of flood.

The number of houses of major villages along the routes was
also inguired. The information on flooding in the past was

obtained from local people.

The results of the road inventory survey are given in Appen-
dix 6-2-1.

6-2-2 Characteristics of Routes

In Table 6-1, the characters of each proposed route are sum-
marized from the results of the road inventory surveys.

The routes surveyed locate in 12 Changwat in the Northern
Region, and more than half of them belong to DOH, whereas the
remainings are under the responsibilities of other agencies
such as ARD, PWD and local government.

The routes in the southern part of the Region pass mostly the
flat lowland area of paddy fields and partly the undulating
upland area of maize, sugarcane, cotton and beans. On the
other hand, the routes located in the middle and northern
parts of the Region sometimes run the rolling or mountainous
terrains. In those rolling and mountainous terrains, the
roadside areas have been remained uncultivated as forest and
bush.
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The surface types of the roads are mostly of laterite sur-

faced. The earth roads share about 10 percent of whole

length of the roads surveyed, and asphaltic concrete and sur-

face treatment sections are about 20 km in total. The sur-

face conditions range from good to bad conditions irrespec-
tive of the surface type.

While the DOH, ARD and PWD roads fall under the category of
F5 or F6 Class of DOH Design Standard in road width and
alignments, the rural roads belong to quite low class road

with narrow width and fair or bad alignment and surface
conditions.

Most of the roads surveyed are embankment type, the height of
which is as low as 0 - 1.5 meters. Therefore the roads in
lowland area have been suffered flooding. In rolling and
mountainous terrain, cut type roads are found, the cutting
depth of which is less than one meter.

There are 193 bridges in the surveyed routes, consisting of 166
timber bridges and 27 permanent concrete bridges. The timber
bridges with total length of 2,080 neters are mostly one lane
width. They are judged, from visual inspection, to have not
enough structural strength to the design load of DOH. The
concrete bridges, 887 meters long in total, satisfy the
requirement of carriageway width of F4 Class of DOH Design
Standard except for six narrow bridges in four routes.
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Table 6-1 SUMMARY OF ROAD INVENTORY

T —
Route Tefmini _— ]
Series Route - Length Terraln Width (
No. Changwat Nao. {Kirn, ? _—...-_.._____m) _
Origin Destination Forma~ Car: .yl
tion way
1. Hakhon R.3330/ Ban Sam Yaek  BAmphoe Phai  33.3 Reolling 7.5 5.0
Sawan PWD Samrong Chai  Sali (10 km) ~10.0 %&.5
Flat
(23.3 kn}
2. Nakhon R.1145 Ban Hua Ban Tak Fa 27.9 Flat 8.0 6.0
Sawan Thanon Nua 9.0 v3.0
3, Nakhon R.3329/ Ban Sam Yaek  Ban Nong 38.8 Flat 7.0 4.5
Sawan R. 1145 Luang w9.0 vE.0
4, Nakhon R.111% nAmphoe Hong Ban Phanom 32.0 Flat 7.5 5.0
Sawan Bua Rok VG35 “7.0
5. Nakhen Rural amphoe Ban Klong 4.6 Flat 5.0 3.5
Sawan Road Kao Lieo Yang AT7.0 n5.0
Ban Sam Yaek Ban Kely 0.8 Flat 8.0 3.5
Keiy Chai Chai Nua
6. Kamphaeng Rural 2Amphoe Khanu- Zmphoe Kac 37.6 Flat 4.5 3.0
Phet/ Road woralaksa Buri Lieo n7.5 r\,g 5
Nakhon ) ’
Sawan
7. Phetchabun RRD/ Emphoe Chon Bmphoe Nong  41.7 Rolling 4 ¢ 2.7
MDU Daen Phai 7.5 A5.5
8. Kamphaeng  Rural Ban Thung Ban Kho 28.9 Flat 3.0 2.5
Phet Road  Sai Plono (14 )  ~g,5 ~3.5
Rolling
{(14.9 ¥m)

g2




Table 6-1
lof 4
o
Roadway Condition
| Bridge Flooding
surface Alioument Embankment/ Nog. Pidth (m) Land -
— ol e . Lut (m) & Use Overflow H. (cm)
ondi @ri- Verti- ) Accumulative &
Type tion zontal cal Emb.H. Cut D. length (m) Section {Kz)

aterite  Good Good  Good 0.3 0.4  6{C} 7.0 x 167.0 Paddy
to nwl.2 40,8 Maize
Fair Cotton

Ko Flooding

e
I

f[,ateri’ce Good Good Good 0.5 - -

- Paddy No Fleoding
tc‘s “1.0 Cotton
Fair Cassava
Maize
iaterite  Good Good  Goed 0.5 - 4(C) 7.0 x 53.5 Paddy Mo Flooding
to L Maize
Fair Sugarcane
Cotton
Cassava
kterite Good Good Good 0.4 - 3{C} 8.0 x 56.5 ©Paddy No Plooding
wurface V1.5
[zeatmernt
2.3 Km)
aterite  Fair Good Good 0.5 - - - Paddy No Flooding
arth To 1.0 Sugarcane
4.6 km} Bad
dterite  Good Good Good 0.7 - - - No Flooding
aterite Fair Good Good O - - - Paddy No Flooding
arth to to to ng.8 Sugarcane
16 Yam) Bad Fair Fair
iterite Fair Cood Fair 0 - 16(T) 4.2 x 287.5 Mzize No Flooding
to to to w10
Bad Fair Bad
arth Fair Good Fair Q - 16{T) 2?;5 < 200.5 Paddy No Flooding
aterite to to ~1.5 4.5 Bean
10.6 km) Bad Bad Cassava
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Table 6-1 SUMMARY OF ROAD INVENTORY {Continued)

—
Route Termini
—_—
Series Route Length  porrain Width (m
No. Changwat No. (Km) (m)
Origin Destination Forma- Carriags.
tion way
9. Kamphaeng Rural Ban Thung Ma  Ping River 35.1 Flat 4.5 3.8
Phet Road Ha Chai 7.0 5.8
10. Phichit R.9045 Route 1068 Amphoe 28.7 Flat 6.0 3.8
/11, R.120% ‘faphan Hin "9 0 6.0
PWD/ARD
1z2. Phichit Rural Ban Wang Ban Pa 15.4 Flat 3.0 2.5
Road Chik Daeng 5.0 3.0
13. Phichit PWD/ Amphoe Wang Ban Nong 26.0 Flat 3.5 2.5
Rural Sai Phun Phayom 9.0 6,0
Road
14, Phichit/ R.119Y Ban Nong Ban Wang 25.2 Flat 4.5 3.0
Phetchabun R.120% KXhanak Pong Rolling "8.5 5.5
Rural (3.3km)
Road
15. Ph::_chit/ R.122Y Ban Wang Ban Tha 8.7 Flat 6.0 3.0
Phitsanulok ARD Tham Makham N9, 4 7.0
16. Kamphaeng PWD Ban Wang Amphoe 13.1 Flat 8.0 5.5
Phet Phikun Lan Krabu w1l1.0 7.0
17. Phitsanulok R.9034/ amphoe Ban Plak 14.9 Flat 5.6 3.0
ARD Bang Rakam Reat NG, 0 S5
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Table 6-1

2 of 4
e
Roadway Condition
I Bridge Flooding
surface Alignment Embankment/ Nos Width (m) Land
. . . Cut (m) - & Use Overflow H. (cm)
C‘?ndl‘ Hori- Verti- Accumulative &
Type tion zontal cal Emb.H. Cut D. length (m) Section (i¥m)
;ILaterite Fair Good Gaod ¢ - 4Ty 4.0 Sugar. 40 x 1.5
| Earth to to 1.0 Gfo x 27.0 (3 places)
! {10.0 km) Bad Bad - cane
. 8.T Paddy
(1.2 km)
|
é_f
'laterite Good Good  Good 0.5 - - - Maize 50 x 1.0
! to 3.0 Paddy (4 places)
‘ Fair
|
!
' Earth Fair Fair  Fair 0.5 - - - paddy 50 x 1.5
 Laterite  to il (2 places)
| (4.8 km) Bad 1.0
i
laterite Good  Good  Good 0.5 - 7(T) 3.5 x 22.5 Daddy No Flooding
| Earth to to to s
L {4 am) Bad Bad Fair 1.0
!
ELaterit:e Fair Fair Fair O - 3(T)y 2.5 Paddy No Flooding
{ to to 1.0 S x 31.5
| Bad Bad 3.5
;
i
%Laterite Fair Good Good 0.5 - - - Paddy No Fleooding
{A.C. to
i (2 km) Bad
|
fLaterite Goed Good Good 0.5 1.0 3{(C) 7.0 x 60.0 paddy No Flooding
! to to 1.2
f Fair Fair
%Laterite Fair Good Good O - - - Paddy No Flooding
:S.T. 0.5

[ (0.7 km)

—

i
!

1
]
H
¥

895



1 SUMMARY OF ROAD TNVENTORY {Continued]

Table 6-
]
Route Termini -
Series Route Length perrain ..
- Widt
Yo Changwat No. {Km) ldth (m)
Origin Destination Forma - Carriags.
tion way
18. Sukhothai ARD zmphoe Ban Nong 16.0 Flat 6.4 4.1
¥hiri Mat istial a10.8 a7.2
19, Bhitsanuick Ccope— 2mphoe Ban Wong 13.5 Flat 6.8 4.6
rative Phrom Makhang w130 nBl7
Road Phiram
20. Phitsanulok R.1220 Amphoe Ban Na Xham 15.0 Flat 5.7 3.9
Wat Bot v1G. 0 7.0
21. Uttaradit R.905% =wmoute 11 Emphoe 22.7 Flat 7.6 4.5
ZRD Phichai %3, 0 5.6
22. Uttaradit-:/ LRD amphoe zmphoe 15.8 Flat 6.8 5.0
Sukhothai Phichai Si Nakhon %“l0.0 6.2
23. Sukhothai R.1113 Ban Muang Ban Muang 51.3 Flat 3.0 2.0
Xao {R. 12} XKzo e, 0 5.6
{(R. 1201}
24, :iukhothai/ R.1048 amphoe Ban Don 56.7 Rolling 2.5 3.3
Ampang Thung Chai Fiat WG 3 g L2
Saliam (6. Ekm}
Mountain-
. ous
- {8 .6km)}

g6




Table 6-1
3cf 4
f___f
Roadway Condition
Bridge Flooding
surface Alignment  Cmoankment/ Neg. Vidth (m) Land
i — _ Cut (m) N & Use Overflow H. {cm)
B Cc_mdl— Hori- Verti- Aeccumulative &
Type ticn zontal cal  Emb.H. Cut D. length (m) Section (m)
!
laterite Good Good Good O - 1{cy 5.0 x 10.0 Ppaddy 50 x 1.5
A.C. to to "2.0 2(17 4 {3 places}
(1.4 km} Fair Bad 63’2 ¥ 27.5
Laterite Good Good Good Q.5 - 1{T) 6.5 x 35.3 Paddy 150 x 8.0
Earth to ta 3.0 { 1 placej
(3.5 km} Bad Bad
5.T
(0.5 km}
Laterite Fair Falr Pair o] - 2 (T} 4.0x13.0 Paddy 50 ¥ 5.0
to Bad %W2.0 Kaize {10 places)
Bearn
Laterite Good Good Good 0.5 - 1{Ch 3.5%33.0 Paddy 50 x 1.5
wl.Q Maize {3 places)
Bean
Laterite Good Good Good 0.7 - 2i{cy 7.0 Paddy No Flooding
§.T. to 1.0 { x 242.0 gygar-
. i 8.0
{3.4 km}) Fair cane
|
Laterite Fair Good Good O - 10Ty 2 3’5 ‘ Baddy 50 x 12.0
% 90.2 .
Earth to NS 5 g Maize {maay places)
{12 km}) Bad : ' . Sesanme
AC. 1€y 5.0x3.0  iron
(1.0 km}
|
Laterite Fair Pair Fair © - 15(T} 2.0 Paddy 50 x 1.2
! to to to Al.0 S x 184.2 Forest (2 places)
Bad Bad  Bad 4.5 Bush




Table 6-1 SUMMARY OF ROAD INVENTORY (Continued}

Route Terminl

—_—
Series Route Length oo rain Width
m
NG Changwat - (Ko} {m)
Crigin Destination Forma—- Carriage.
tion way
25, Phrae/ E. 1124 Amphoe Ban Don 2.5 Rolling 3.8 2.5
Lampang Wang Chin Chai Flat e .0 nd g
{4 .Qkm}
Mountain-
ous
{3.0km)
26, Lamphun R.1184 &amphoe Li Ban Puang 18,5 ©ERolling 5.0 3.8
Flat T4 q.8
{5.5 km}
27. Lamphun R.121% Ban Mae Emphoe Thung 17.7 Rolling 4.0 2.7
Thoel Rua Chang Flat T A5.0
{3.6Mm]
28, Han R.9061 Amphoe Zmphoe 20.0 Flat 5.C 4.5
Ka Woi Ha Muen Relling 7.0 5.5
{8.1 kmj}
2g. Chiang R.1207 Ban Rong Ban Huai 13.4 Rolling 5.8 4.2
Bal Sua Ten Khom Vi, 0 a4 5
30. <Chiang  R.1174 Ban Thung Ban Chomphe 47.6 Plat 5.5 4.0
Rai Ngiu g, 2 .0
3L, Chiang  R.1098 Ban Kiu Ban Kaen Tail 56.0 Flat 3.5 2.5
Rai Bhrao Rolling «8.0 .0
{18 .2km}

g8



¢ of 4
Roadway Condition
Bridge Flooding
Surface nlignment Embaniment/ Noe Width (m] Land
_ _ - fut {m) " & Use Overflow E, {cm!
C‘fmdl“ Hori- Verti- becumulative &
Type tion zontal cal Emb.H. Cut D. length (m} Section (Km)
laterite Fair Fair Fair 0 -~ 41¢my 3.7 x 417.¢ Faddy 50 x 0.13
to to L. 0 Sf 5 °" Forest (3 places}
.5 km) Bad Bad ‘ Hush
gaterite Fair Fair Fair ¢ 2.5 & (T} 3.0 x 117.5 Faddy 50 x 1.C
; to ta te 4.4-'@ 7 Forest (1 place)
; Bad Bad Bad : Buch
{laterite Fair Fair Fair @ 0.5 & (T 3.3 x 116.7 Bush Ho Flooding
15.T. to to to 0.5 .0 «Jo °' Forest
(.1 km} Bad Bad Bad !
laterite Fair Fair Pair 0 ¢.5 4T} 4.0 < 88.0 Paddy Nao Flooding
8.7T. to to .0 sfs *7  Bush
1.6 ' )
{ km} Bad Bad 5 (c) 3.5 x 210.0
7o
iLaterite Fair Fair Fair @ - 3{r) 3.6 < 35.7 Paddy S50 x 0.2
to gL 5 4{3 (1L glace)
Bad
faterite Good Fair Fair © - 11{T) 4;0 % 194.Q Paddy 5C x 5.0
‘S.T, tao Wl G &' : {1 place}
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6-3 TRAFFIC SURVEY AND FORECAST

6-3-1 General
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Traffic forecasts on 31 proposed roads for short/medium
term projects were made to obtain traffic volume by traf-
fic type to be used for calculation of road users' cost
and road maintenance cost, and for estimation of future

ADT on each proposed road link.

It was judged in the traffic forecasts that the modal
split between highways and other transport modes such as
railways and inland waterways would not be necessary.

This judgement was made from the fact that the proposed
roads were so planned to serve mainly for the local
transportation, connecting rural areas each other or with
major railway stations, riverside ports or trunk highways,
and consequently, they would not be competitive with other
modes.

Process and method of traffic forecasts used in this study
are illustrated in Figure 6-2 and briefly explained below.

First of all, traffic zoning of the project area was made
for each proposed road considering the network of existing
and proposed roads together with surrounding major high-
ways and Tambon boundaries. For each traffic zone thus

confined, the population and agricultural productions were
projected.

Secondly, transportation demands between zones were es-
timated. 1In the estimation of passenger traffic demand,
the number of passengers per day was forecasted using a
traffic distribution model of gravity type on the basis of
the projected population for each traffic zone.
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Freight traffic demand was estimated seperately for
agricultural products and other commodities such as daily
necessaries which flow with passenger movement.

The trasnportation demand of agricultural products was
forecasted in terms of tonnage volume per day on the
basis of the projected surplus productions of each zone.
In the estimation of 0/D volume, the destination was
defined as zone where assembly markets exist and the ori-
gin was zone from which surplus products are shipped.
Next, the transportation demands thus estimated by 0/D
pair were assigned to each rcad link by all or nothihg
method taking minimum traveling time as a sole yardstick.

The non-agricultural freight volumes on each link were
estimated from the relationship with number of passengers
on the same road link.

These traffic movements on xoad links were then converted
into ADT using the traffic composition, occupancy and
loading ratios applied to each link depending on its rcad
classes. In addition, the traffic volume of motorcycle,
which is not counted in ADT but is necessary for calcula-
tion of road users' benefit, was estimated analyzing the
data on relationship between volume of motorcycle and ADT
by road class.

Traffic surveys were carried out on and nearby the
proposed roads in order to obtain information on the
existing traffic characteristics such as 0/D patterns and
traffic composition. The traffic survey comprised origin
and destination survey (0/D survey), automatic and manual
traffic counts. The data obtained from the surveys were
analyzed so as to set parameters of the Model and to
provide various conditions required for traffic forecast-

ing.
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11 traffic was forecasted dividing into normal, diverted,
induced and developed traffics, in both cases of with
project and without preject, for the sake of calculation
of road users' benefits. The forecasting was made for
1986, 1992 and 2000, the first, 7th and 1l5th vyears,
respectively, after the presumed opening year of the

project roads.

Basic_Conditions for Traffic Forecasts
a) Type of Traffic

For the purpose of estimation of rocad users' benefits,
whole traffic was classified into four types of traf-
fic, i.2., nomal, diverted, induced and developed
traffic. Their definition is described below:

Normal Traffic is defined as the traffic which takes
place cn the existing road, arising from the natural
increase cf population and economic activities

independent of the xrocad improvement.

Diverted Traffic is defined as the traffic which may

change its routes due toc the improvement or new
construction of rxoad.

Induced Traffic is defined as the extra traffic which
is newly generated as a result of improvement of
transport condition such as decrease of traveling time
and cost. In the estimation of induced traffic, only
population with natural growth would be considered as
a source of traffie, in other words, population

increase by migration would he disregarded.

Developed Traffic is defined as the traffic which
accurs in excess of natural growth of population and
economic activities due to the agricultural develop-
ment attributable te the road development.
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Type_of Vehicles

In Thailand, the present traffic can ke classified
into seven major types of vehicle, i.e., motoreycle,
passenger car, light bus, heavy bus, light truck,

medium truck and heavy truck. Since no significant

change is predicted to this classification, the future
traffic was also forecasted for these seven types of
vehicle. 2Among these seven types of vehicle, there
will be some difficulties to classify clearly three
types of passenger car, light bus and light truck by
means of the body shape of vehicle, since the =o-
called "pickup trucks" have been used for the mixed
transpertation purposes in many cases. Hence, in this
study, the classification of vehicle type was made
taking not only shape or capacity of vehicle but the
distinctive accommodations, such as canopy of canvas,
longitudinal bench seats and main purpose c¢f car use.
Standard type of vehicles and characteristics of each
class are briefly described below:

i} Motorcycle (M/C}

Motorcycle is 2-wheel vehicle with engine such
as Honda JX110 and Yamaha YL2GFM.

ii} Pagsenger Car_(P/C)

s i i st B i o P ! R e st o

Passenger car includes nct only vehicles of per-
sonal use such as Toycta Corclla and Datsun 160J,
but also 4-wheel-drived vehicles such as Land
Rover, taxi and pickup truck used for personal
use without freight transportaticn.

iii} Light_Bus_(L/B)

Light bus is a simple adoption of pickup with
longitudinal bench seats and canopy of canvas.

The seat capacity is 10 in average.
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iv)

vi)

vii]

Heavy kus has wide range from modified 6-wheel
medium trucks such as Toyota Dyna and Isuzu
E1f with leng bench seats to large tour huses
such as Isuzu BD6L and Hino BF320. The seat
capacity ranges from 20 to 40.

Light Truck (L/T]

Light truck is & pickup truck for freight
trangportation such as Toyota Hilux and BDatsun
L1500, witk leocading capacity cf 2 tons.

Medium Truck {(M/T)

) — T T — {72 G - {——— o —

Medium truck is 6-wheel double axle truck such
as Tovota Dyna and Hinco KR 320, with loading
capacity up to € tons.

Heavy truck is l0-wheel triple axle truck such
as Isuzu TWDEOHTI and Hino KT920, with loading
cepacity up to 13 tons.

Rcad Class

e iy ey s

— )

Naticnal highways and provincial reoads on which traf-
fic survey was conducted were classified into follow-
ing four classes.

Road Class

Class Description
1 Naticnal Highway (primary)
2 National Eighway (secondary)
3 Provincial Rocad (paved)
4

Provincial Road (unpaved]
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