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CHAPTER 1 INTRODUCTION

1.1  Background

In 1999, after the significant floods in 1995 and 1996, Japan International Cooperation
Agency (JICA) proposed several flood mitigation measures composed of structural and nonstructural
measures under the integrated flood mitigation study for the Chao Phraya River Basin (hereinafter
referred to as “JICA 1999 Study”). In 2000, the Crown Property Bureau (CPB) also proposed
short-term, mid-term and long-term plans on water resources management and development. Due to
several reasons including the influence of the Asian Currency Crisis, however, almost no substantial
measure has been implemented except for a loop-cut in the lowest Chao Phraya River since then.
Nevertheless, land development and accumulation of assets and properties have proceeded in the river
basin.

Under these circumstances, an exceptional flood took place in 2011. Four tropical storms and a
typhoon associated with record rainfall hit Thailand one after another between June and October 2011.
The prolonged flood in 2011 had caused more than 800 deaths and extensive damage and losses which
amounted to THB 1.43 trillion. Out of this, THB 1 trillion was on the manufacturing sector.

In response to the request from the Royal Thai Government in November 2011, JICA has planned to
conduct a flood management project; namely, the “Project for the Comprehensive Flood Management
Plan for the Chao Phraya River Basin.”

The Project Study has been conducted in accordance with the Minutes of Meeting dated
December 22, 2011 and the Record of Discussion (R/D) dated January 13, 2012 and signed by the
National Economic and Social Development Board (NESDB), the Royal Irrigation Department (RID),
the Department of Water Resources (DWR), and JICA. The project is composed of three (3)
components: Component 1 was subdivided into Subcomponent 1-1 and Subcomponent 1-2, and
Component 3 was revised by the R/D in May 2012 as follows:

Component 1: Upgrading of “the Flood Management Plan” and the creation of a new and more
precise topographic map.
Sub-component 1-1:

Creation of a new and more precise topographic map for Subcomponent 1-2.
Sub-component 1-2:

Upgrading of “the Flood Management Plan” with the creation of a new and more
precise topographic map.

Component 2: Urgent rehabilitation works; installation of new water gates, and elevation of
Route 9.

Component 3: Improvement of flood information system and development of Flood Forecasting
System.

The study started in December 2011 and utilized the new and more precise topographic data (LiDAR
data) provided from the results of Component 1-1 in August 2012. Component 1-2 proposed a draft of
the Flood Management Plan in the Seminar on June 20, 2013 and compiled the Draft Final Report in
June 2013.

This document presents the Final Report of Sub-component 1-2 that aims to review the Study on the
Integrated Plan for Flood Management in the Chao Phraya River Basin.

1.2 Objectives of the Project

The objective of the Project is to prepare a comprehensive flood management plan for the Chao
Phraya River Basin through scientific and engineering based analysis and design based on the Master
Plan of Water Resources Management formulated by the Strategic Committee for Water Resources
Management (SCWRM).
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1.3  Basic Policy and Approach

The basic policy and approach is to collect actual data and information in order to assess the existing
physical and socio-economic conditions as much as possible during the project through supplementary
topographic surveys and questionnaire surveys, and to develop a GIS data base and river basin analysis
model for the Chao Phraya River Basin for the project as decision support system.

1.4  Study Area

The study area is the whole Chao Phraya River Basin which covers 163,000 km?and is composed of
the tribitaries such as the Ping, Wang, Yom, Nan, Chao Phraya, Sakae Krung, Pa Sak and Tha Chin
Rivers shown in the Location Map. Since the Bang Pakong River in east side and the Mae Klong River
in west side are other large river basins, they are not included in the study area of this study.

1.5 Project Implementation Structure
The organization structure for the implementation of the entire Project is summarized as follows:

(1)  NESDB shall be responsible for coordinating the overall project and for maximizing the output
of the Project.

(2)  RID and DWR shall be responsible for the implementation of Subcomponent 1-2.

(3)  The Japanese Advisor for SCWRM shall give necessary technical guidance and advice to the
Thailand counterpart personnel on technical matters pertaining to the implementation of the
Project.

(4)  The Japanese Advisory Committee (hereinafter referred to as “AC”) chaired by Dr. Taikan OKI
of the University of Tokyo has been established to confirm outputs provided by the Project from
the technical viewpoint. AC was to convene whenever necessary. AC members, IMPAC-T
(University of Tokyo) and ICHARM have been conducting studies including run-off analysis
and flood inundation analysis to provide effective advice and to propose the direction of the
Project.

(5)  For the effective, successful and holistic implementation of the Project, RID had established the
Technical Committee (hereinafter referred to as “TC”) and the Technical Working Group. The
functions of TC are to guide the direction of the Project, to discuss and decide important issues
and to make consensus on the results of the Project.

(6)  The Consultant’s Team was to be engaged in detailed studies to fix contents of the long-term
plan of the Master Plan proposed by SCWRM as directed by TC.
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Chao Phraya River Basin
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Figure 1.5.1 Implementation Structure of Entire Project

1.6  Counterpart Agencies

The counterpart agencies were the RID, DWR and NESDB and the executing agency was the RID
which organized the “Technical Committee” and the “Technical Woring Group” for the Study in order
to smoothly and effectively implement the Study on the Project.

1.7  Project Schedule

The Project Period is from December 2011 to October 2013.  As explained in the preceding section,
not only the Consultant’s Team but also some members of the Advisory Committee such as IMPAC-T
(University of Tokyo) and ICHARM have conducted studies under JICA and JST. The Studies by the
Advisory Committee members, which were conducted intensively at an early stage from January to
April 2012, were generally preliminary but require special and/or broad know-how. Those by the
Consultant’s Team are detailed ones that materialize contents of the master plan in the direction that is
timely shown by SC in the course of the Project.

IMPAC-T (University of Tokyo) had conducted a runoff analysis for the Upper Chao Phraya River
Basin, the outputs of which were input data to a flood simulation model that was established by
ICHARM. The runoff model and the simulation model were further used to roughly examine the
effectiveness of several measures (modification of dam reservoir operation, retarding basins (monkey
cheek), floodway or flood diversion channels, etc.) proposed by SCWRM. These studies have shown
certain effectiveness of the measures in a quantitative manner, and also gave some suggestions that the
Consultant’s Team should follow in the succeeding study stages. The study results were presented to
agencies concerned at a meeting on April 26, 2012.

The Consultant’s Team had conducted studies on the Master Plan according to the schedule shown in
Figure 1.7.1.
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Figure 1.7.1 Project Schedule

1.8 Survey Items under Subcontract

In the course of the Study, a total of seven (7) surveys have been subcontracted to obtain necessary
information and data as listed in Table 1.8.1.

Table 1.8.1 Survey Items under Subcontract

No. Survey Title Objective

To gather data and information with regard to the actual flooding impact in the

I | Inundation Survey study area as a preparation for the flood analysis.

To survey and collect data including (1) leveling check for existing benchmarks;
River and Canal Survey | (2) horizontal position establishment for cross-section lines; (3) river

2 (West) cross-section survey; (4) canal cross-section survey; and (5) drawing preparation
for river and canal longitudinal profiles and cross-sections.
To survey and collect data including (1) leveling check for existing benchmarks;
3 River and Canal Survey | (2) horizontal position establishment for cross-section lines; (3) river
(East) cross-section survey, (4) canal cross-section survey; and (5) drawing preparation
for river and canal longitudinal profiles and cross-sections.
(1) To identify the present operation mechanism and its problems on effective
4 Flood Response flood mitigation; (2) to study the new operation mechanism effective for flood
Operation Survey mitigation; and (3) to prepare the flood information network required for an

effective operation mechanism.

(1) To identify the actions taken by the residents and communities before and
5 | Questionnaire Survey during the 2011 Flood; and (2) to collect data and information on the damages
and losses as well as the damageable assets by the floods.

To obtain data and information on damages and losses in the manufacturing
sector, particularly, the ten (10) industrial estates, including Saha Rattana Nakorn,
6 | Flood Impact Survey Rojana, Hi-Tech, Factory Land, Bang Pa-In, Nava Nakorn, Bangkadi, Bang
Chan, Lat Krabang and Bangpoo, which are located in the flooding area of the

2011 Flood.
Verification Survey on | To survey and collect data for the verification of observed water level data at RID
7 .
Water Level Data hydrology stations.
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CHAPTER 2 GENERAL CONDITION OF RIVER BASIN

2.1 Natural Condition
2.1.1 Climate

Climate at the Chao Phraya River basin belongs to the tropical monsoon. The annual rainfall is
between 1,000 and 1,400 mm and it registers higher in the northeastern region of the basin. According
to the rainfall pattern, about 85% of the annual rainfall is registered in the period between April and
October. Tropical cyclones occur between September and October and may strike the Chao Phraya
River Basin. In this case, rainfall continues for a long period of time in a relatively wide area due to
climatic disturbances. The peak river discharge is registered in October, the end of the rainy season, and
serious flood damage may arise with high tide in this period. Table 2.1.1 indicates 30-year average
temperature and rainfall amount (1960-90) in Nakhon Sawan and Bangkok, respectively.

Table 2.1.1 Thirty-Year Average Temperature and Rainfall Amount
Nakhon Sawan
Month Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov | Dec
oc Max. 32.2 34.8 36.8 38.1 35.9 34.6 34 333 32.5 32.1 31.5 31.0
Min. 18.1 21.7 24.1 25.7 254 | 25.0 24.5 243 24.0 236 | 213 18.2
Rainfall (mm) 9.8 14.9 30 60.9 139 117 134 195 232 144 353 7.3
Rainy days (d) 1 2 3 5 12 14 16 18 18 14 4 1
Bangkok
Month Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov | Dec
oC Max. 32.0 32.7 33.7 34.9 34.0 33.1 32.7 32.5 323 32.0 31.6 313
Min. 21.0 23.3 24.9 26.1 25.6 254 25.0 24.9 24.6 243 23.1 20.8
Rainfall (mm) 9.1 29.9 28.6 64.7 220 149 155 197 344 242 48.1 9.7
Rainy days (d) 1 3 3 6 16 16 18 20 21 17 6 1

Source: Thai Meteorological Department (TMD)

2.1.2 Topography

Topography of the Chao Phraya River basin is composed of Highland, Upper Central Plain and
Lower Central Plain. The Central Plain formed by the Chao Phraya River is a strip of land of over
500 km long and 100 to 200 km wide.

The Central Plain can be divided into two areas; namely, the Upper Central Plain upper Nakhon
Sawan and the Lower Central Plain. In the Upper Central Plain, four big rivers; namely, Ping, Wang,
Yom and Nan, traverse the plain and join together at Nakhon Sawan to form the Chao Phraya River.
The typical feature in the Upper Central Plain is a combination of well defined meander belts and many
scars of abandoned river courses with numerous small swamps; whereas, on the higher lands, dissected
terraces and peneplains with sandy ground surface are predominant. The Upper Central Plain is
subdivided into the Yom-Nan basin in the east and the Ping-Wang basin in the west.

In the Nakhon Sawan area, a number of isolated mountains and mountainous groups stand out clearly
from the plain, just like monadnocks. This monadnock area continues for about 50 km from Nakhon
Sawan to Chai Nat in the N-S direction.

From Chai Nat, the Chao Phraya River flows southwards to the Gulf of Thailand, traversing the
Lower Central Plain. With a flat to very slightly undulating broad depositional surface dominating the
topography of the area, the Chao Phraya River gives off many effluent branches. Among them, Tha
Chin River (Suphan Buri River), Noi River and Lop Buri River are important.

2.1.3 Geo-Morphology

The main geo-morphological features of the Central Plain in the Chao Phraya River basin are
summarized below:
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(1) Alluvial Fans

Alluvial fans are scarcely seen in the plain along the Chao Phraya River. When the fans are
flooded, usually by sheet floods the water drains off well. There are several fans at the outskirts of
the plain, consisting of sand and gravel covered by laterite.

(2) Natural Levees and Back-marshes

The natural levees in the plain are divided into two groups: the higher natural levee and the lower
one. The higher natural levee has developed along the rivers. At its head, the levee is about 15
meters above MSL and at the lower end, it is about 2 meters.

Back-marshes occupy the spaces between one natural levee and another. The relative height of
the higher natural levees is generally 2.5 to 3.5 m, but the maximum is 6 m. The relative height of
the lower levee is generally 1.8 to 2 m, but only 0.5 m in the lowest reaches.

(3) Delta

The Chao Phraya Delta is very flat, i.e., its gradient is 1 to 2/100,000. The delta is divided into a
higher delta (old delta), lower delta, active delta and sub-aquatic delta. The higher delta between
Chai Nat and Ayutthaya is well developed and has higher natural levees on it. It has the feature of
the lacustrine delta. The lower delta is distributed along the Suphan Buri, Chao Phraya and Bang
Pakong rivers.

From the lower delta to the south, coastal topographies consisting of sand spits (banks) and mud
spits have developed. Marine clays are seen at the ground surface. The active delta or tidal flat
consists of fine clay, and the area is utilized for the culture of shrimp and for salt fields.

2.1.4 River System

The Chao Phraya River Basin is as large as one third (163,000 km?) of the whole territory of
Thailand (514,000 km?). The basin is often divided into three according to hydrological features: (1) the
upper basin of northern highland; (2) the middle basin of the flood plain with the surrounding
watersheds; and (3) the lower basin of the Chao Phraya Delta.

The Chao Phraya River system consists of four (4) principal tributaries; namely, Ping, Wang, Yom,
and Nan, all originating in the northern highland. The Wang join the Ping and the Yom join the Nan
Rivers in the middle basin, respectively. Then, the Ping and Nan Rivers join to form the Chao Phraya
River at Nakhon Sawan, which flows down to the lower basin through Chai Nat, Ayutthaya and
Bangkok, then finally pours into the Gulf of Thailand. The Sakae Krung River from West and Pasak
River from East, join the Chao Phraya River in the lower basin, while the Tha Chin River diverges from
the Chao Phraya from the main stream at Chai Nat (refer to Figure 2.1.1).
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Figure 2.1.1

Diversion Area (km?%)

1. Ping 34,537

Upper 2. Wang 10,793
Sub-Basin | 3. Yom 24,047
4. Nan 34,682

Sub-Total (Nakhon Sawan) 104,059

5. Chao Phraya 23,873

Lower 6. Sakae Krung 4,907
Sub-Basin | 7. Pa Sak 15,626
8. Tha Chin 14,196

Sub-Total (Lower Basin) 58,602
Chao Phraya Basin Total 162,661

The Chao Phraya River System

The longitude profile of Chao Phraya River is shown in Figure 2.1.2. Main characteristics of the

river are listed as following,

» The riverbed slope is very gradual. From the estuary to confluence of Noi River, the riverbed
slope is flat, which indicates that this section is though to be tidal compatment and influenced by

sea tide.

>  In upstream of the river, the river flows hillside and there is no river dike.

»  The riverbed after confluence of Noi River is v
and
Extrapolating from
past inundation conditions and the plane
configuration of the rivers, it could be said
that river water of Noi River and inundated
water returning to rivers/canals collides into
the confluence of Chao Phraya River and Noi
intense riverbed

extremely deep compared

down-stream riverbed.

to up-

River, and induces the

erosion.

X* Ll
Inundated water returns to the Chao
Phraya River when surface level of
§ inundated water is higher than river
0, water level.

e

b

doe

<

404

Fig- Flow Direction of Inundated Water
” in the Beginning of October 2011

» River embankment from 230km to 280km (near Chaophraya Dam) is low and the relative

elevation between the top of embankment and river dike is large.

In 2011yr flood, dike

breaches occurred intensively in the sections which have the high relative elevation of that.

» The river width near the Ayutthaya is the narrowest.

The river width widens with distahnce

from Ayutthaya to upstream, which might be caused by decrease of river water due to the
diversion of rivers and irrigation canals such as Bang Ban Canal, Phong Pheng Canal, Bang

Kaew Canal, Lop Buri River etc.
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2.2 Socio-economy
2.2.1  Demography

The population of Thailand is approximately 64 million, of which 9.3 million live in Bangkok and its
vicinity. Ninety-four (94) percent of the population are Thai-speaking Buddhists. The national
population growth rate is 0.68%, according to the 2006 Census. About 93% of the people in Thailand is
functionally literate.

The Basin has some 40 percent of the country’s population. The total population of the Chao Phraya
Basin was 23 million inhabitants according to a survey in 1996. Approxi,ately half of the population
(11.5 million) reside in the Lower Chao Phraya Basin. Approximately 68 percent of the total population
of the basin is rural. The average population density is 136 inhabitants per km?, but varies greatly from
44 in the Nan sub-basin to 533 inhabitants per km® in the Chao Phraya sub-basin. Bangkok and its
vicinity have the highest population density, with 1,500 inhabitants per km?.

2.2.2 Economy and Industries

Thailand experienced firm growth from 2000 to 2007, averaging more than 4% per year, thanks to
the developed infrastructure, the free-enterprise economy, generally pro-investment policies, and strong
export industries, after recovering from the Asian financial crisis of 1997-98.

After the global financial crisis of 2008-09, Thailand's economy expanded 7.8%, with the fastest pace
since 1995 in 2010. However, steady economic growth at just below 4% for most of 2011 was
interrupted by historic flooding in October and November in the industrial areas north of Bangkok.

The Chao Phraya River Basin employs 78% of the nation’s work force and generates over two-thirds
of the country’s GDP. The BMA contributes 78% of the total GDP of the basin. Regarding the GDP
distribution of industry in the basin, manufacturing is dominant for 33%, following wholesale and retail
trade for 17%, while about 5% in agriculture.

Nominal GDP in 2011 marked at 10.5 trillion THB, corresponding to about 6% of nominal GDP in
Japan. Regarding per capita GDP, 5,394 USD in 2011 corresponds to 10% of the index in Japan (45,920
USD).

2.2.3  Agriculture

Mountainous and hilly area predominates in the upstream basin of Chao Phraya River where the rate
of irrigated farmland is limited to 2~10% and most lands remains rain-fed. Many dams are located, but
their storage is released for far-downstream beneficiaries and the upstream area only depends on intake
of stream water by weirs. Downstream areas are located at Suphanburi, Phitsanulok, Lopburi and
further south provinces where alluvial plain is dominant, forming the so-called “Chao Phraya Delta”.
The major granary area develops here (27~100% of farmland is irrigated) in which double/triple rice
cropping has been practiced. Limited upland is prepared by filling earth in paddy field for cultivating
vegetables and fruit trees. This granary area wholly depends on stored water in two grand dams (Sirikit
and Bhumipol). The area experienced flood damages 7 times, and 6 drought periods during these 40
years after both dam’s construction. In this basin, annual precipitation tends to increase from the north
(1,000mm) to the south (>2,000mm). In the downstream basin, south of Ayutthaya Province, drainage
is a major issue where water drained from northern areas is utilized for irrigation.

Paddy cultivation consists of rain-season crop (from April/May to July/August), following flood rice
and dry-season crop (from November/December to March/April). Recently, farmers tend to avoid
cropping flood season rice as officially advised, reflecting an steady increase of dry season rice. Since
2000, cultivation of upland crops and perennial fruit trees has been increasing. In this basin, 1,665
thousand farm households are cultivating 10,390 thousand ha of farmland (6ha/household).
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Table 2.2.1 Land Use in Chao Phraya River Delta and Its Hinterland
unit: rai =1/6.25 ha
Province Land Utility | Residenc| Paddy Upland | Fruittree | Vegetables | Forages | Wasted Others Forest | Water body
PhechaBun | 7.917.8| 6.249.8| 82,066| 1374.4| 1,828,1] 298,95| 39.071| 21.45| 22.82| 38,92 | 2,544.1 166.8
Phitsanulok | 6,759.9| 4,983.4| 76,231| 1,569.3 615.5] 163,92| 13,363 | 8,689| 13,23| 38,54 | 2484.6 177.7
Phichit 2,831.8| 2,049.1| 61.9| 1,621.5 190.6| 118,09 10,206| 6,287| 5,546 27,00 8.0 78.3
Nakhon Sawan | 5,998.3| 4,568.3| 106.3| 23944 13] 110,73 36,216 39,86| 9,370| 35,20 550.6 143.0
Uthai Thani | 4,206.4| 3,568.4| 39.9 554.6 0.7| 82,297 8,228| 15,74| 8,170| 19,70 | 2,170.6 63.8
Chainat 1,543.6] 1,2329| 418 914.0 0.2| 44,859 6,924 8208| 5,683| 7,092 47.9 31.1
Lop Buri 3,874.8| 3,031.8] 464 954.0 12| 71,587 24,030| 26,68| 10,68 11,62 684.8 84.3
Sara Buri 22353| 1,497.5] 309 420.5 0.4| 93,723 14,167| 44,30| 5,907| 11,70 504.2 73.8
Suphan Buri | 3,348.8| 2,505.6| 783| 12604 0.6] 89,259 30,219| 5434| 3285| 3533 384.2 84.3
Ang Thong 605.2| 485.0| 24.1 378.9 17.6| 51,332 6,999| 1,622 1,742| 2,658 0 12.0
Sing Buri 5140 4426 8.7 394.6 18.3] 11,628 1,502 1,726| 2,690| 3,492 0 7,142
Kanchanabu | 12,177.0| 9,720.8| 64.1 459.4| 1203.5| 209.6] 52,966| 24,07| 1893| 10,08 | 7,678.2 245.7
Pathum 953.7| 470.8| 15.8 336.0 233 92.9| 16,190 0| 1,321 8317 0 483
Nakhon 13263 971.9| 143 461.1 120|  74.0 6,370 1,559| 1,961| 12,48 400.0 35.4
Nakhon 13552 7273|399 376.6 89.4| 94.6| 50,658| 2,448| 4,112| 69,68 0 62.8
Prachin Buri | 2,976.5| 2,021.9| 324 743.9 188.0| 1325 16,983 | 5436| 15,88| 20,40 866.4 95.5
Ayutthaya 1,597.9| 1,1124| 41.8| 10155 392|369 6,848| 1,396| 1,635| 7,848 0 48.6
Nonthaburi 388.9| 1763 34 119.0 0| 321 18496 0| 984| 2300 0 21.3
Bangkok 978.3| 115,922 43 95.5 0| 107 3,987 5 75 872 0.4 86.2
Samut 5452| 1677 42 23.1 0| 794 3,696 0 41| 33,61 23.8 37.8
Samut 627.6| 1872 812 39.6 0| 142 372 0 41| 39,05 12.6 44.0
Chachoeng 33444| 2,1293| 472 775.8 4923| 190.8| 13,465| 8250| 22,24| 9518 484.1 121.5
Total. 66,107.0| 48,4162 | 9453| 162819 8,948,529|2,104.2| 380,956| 223.2| 156.4| 531.1 18,844 | 1,769.1

Source: Agricultural Statistics of Thailand Note: * estimated from sizes of cities, ** estimated from bovine heads, estimation of the area
available for creating monkey cheek is made as 60% of the water area though 79% is obtained by measurement.

2.3 Land Use
2.3.1 Collected Data

Satellite  images of LANDSAT-M
photographed in 1996 and 2010 covering
Upper Central Plain and the Lower Central
Plain of the Chao Phraya River Basin have
been collected and processed into land use
maps as shown in Figure 2.3.1 and Figure
2.3.2, Table 2.3.1 and Table 2.3.2 present
breakdowns by province for the 1996 and
2010 land use.

IS

Figure 2.3.1 Divisions of Chao Phraya Basin
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2.3.2 Regional Land Use Conditions

Land Use conditions of the Study Area are preliminarily discussed as follows, from the viewpoint of
comparison with the share of land use in 1996 and 2010.

s

Legend

Main Rriver

[ P
Land Use 2011
Type

1:2,750,000

1:2,750.000

2 !530 50, % uailome(e ollz:au‘gw—u?(i!ometel
(a) 1996 Land Use (b) 2010 Land Use
Figure 2.3.2 Comparison of Land Use Between 1996 and 2010

(1) The Upper Central Plain

The Upper Central Plain mainly consists of riverine terraces and alluvial fans, as well as flood
plain along the major tributaries of the Chao Phraya River such as the Ping, Wang, Yom and Nan
rivers. The share of dry field is significant with 39% in 1996, but it has a tendency of reduction,
declined to 36% in 2010. On the other hand, paddy field, third share in the Area, has a tendency of
increase from 27% (1996) to 30% (2010). Urban Area has also increased from 0.11% (1996) to
0.37% (2010).

Taking a look at the breakdown by province, paddy fields of Phichit and Nakhon Sawan are
enormous with 63% and 49%, respectively, and have an increasing tendency. The increase of the
share of urban area of Nakhon Sawan is also significant with the 306% of growth rate.

(2) The Lower Central Plain

The Lower Central Plain is said to be simply characterized as a delta. It is significant that the
highest share was dry field with 37% in 1996 and replaced by paddy field with 38% in 2010.

Taking a look at the breakdown by province, there has been an increase in the share of paddy
field in most provinces. Also seen is a significant increase of the share of urban area in most
provinces. Elongation of the share of urban area in Suphan Buri, Nonthaburi and Samut Sakhon are
particularly remarkable. The share of urban area in Bangkok is high, of course, has continued to
increase, and in 2010 it has become 28%.
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Table 2.3.1 Land Use in Chao Phraya River Basin (1996)
(Unit: ha)
Province Unspecified Dry field Forest Grassland Paddy field Unspecified Urban Water Grand Total
due to clouds due to shadows area
Upper Central Plain
Sukhothai 274,300.72 185,678.70 203,275.14 739.53 2,462.91 666,457.01
Uttradit 2.32 145,705.19 466,785.27 120,818.15 216.54 26,760.61 760,288.08
Phitsanu Lok 15,410.91 401,957.75 421,895.30 214,245.34 1,433.34 1,194.59 3,521.74 | 1,059,658.96
Kampaeng
Phet 426,573.31 197,708.91 222,104.95 1.206.00 3,493.89 851,087.05
Phichit 2,269.11 169,006.68 1,300.81 255,611.52 173.82 760.18 2,780.98 431,903.10
Nakhon Sawan 5,148.34 468,450.66 78,568.76 618.66 385,631.29 343.98 1,607.00 12,414.81 952,783.49
Uthai Thani 416.49 235,381.96 326,898.07 82.89 98,895.47 230.31 2,990.91 664,896.09
Sub Total 23,247.16 | 2,121,376.27 | 1,678,835.81 701.55 | 1,500,581.86 1,951.14 5,954.15 54,425.85 | 5,387,073.78
Lower Central Plain
Chainat 197.20 113,909.69 3,022.47 1,033.20 128,939.70 249.01 716.12 2,458.86 250,526.24
Singburi 3,259.13 34,126.16 6,663.58 3,195.41 31,104.58 1,657.89 268.33 1,425.58 81,700.67
Lopburi 30,918.79 258,199.80 96,527.76 1,540.74 249,325.23 9,940.95 1,121.63 2,696.65 650,271.55
Suphan Buri 1,027.69 223,500.86 71,591.21 3,164.93 233,111.46 1,143.13 748.57 6,071.01 540,358.85
Ang Thong 3,802.34 38,052.68 3,418.07 3,148.00 41,093.31 4,029.01 310.49 1,195.77 95,049.68
Ayutthaya 8,530.15 40,130.56 6,216.64 2,798.85 185,033.34 5,529.07 1,829.26 4,666.89 254,734.78
Saraburi 38,719.46 114,980.35 70,215.32 104.56 106,899.95 14,772.26 1,711.26 1,414.55 348,817.71
I:;l;:: 503.52 71,350.66 4,411.93 1,700.88 131,585.43 438.38 2,545.45 1,428.30 213,964.55
Nonthaburi 543.35 11,688.51 2,782.58 457.58 45,377.84 1,122.06 1,005.73 662.39 63,640.05
Pathum Thani 10,155.63 23,028.63 7,035.08 941.38 105,237.33 3,122.74 1,517.26 1,041.99 152,080.04
Samut Sakhon 17.91 11,397.51 2,786.11 701.79 50,200.22 32.85 3,214.67 18,711.24 87,062.31
Bangkok 8,401.02 30,933.55 4,324.36 2,995.65 72,838.36 3,822.92 | 26,448.52 6,897.96 156,662.34
Samut Prakarn 8,161.66 15,915.88 6,220.83 1,608.95 36,735.23 5,680.77 6,772.35 15,615.94 96,711.61
Sub Total 114,237.86 987,214.85 285,215.96 23,391.92 | 1,417,482.00 51,541.05 | 48,209.63 64,287.13 | 2,991,580.39
Grand Total 137,485.02 | 3,108,591.12 | 1,964,051.77 24,093.47 | 2,918,063.86 53,492.19 | 54,163.78 118,712.97 | 8,378,654.17
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Table 2.3.2 Land Use in Chao Phraya River Basin (2010)
(Unit: ha)
Province (;':Stz ezliflfgs Dry field Forest Grassland Pf?:l‘ti‘ly dlinti)p :;;gz(jvs Urban area Water ?"I:t:?
Upper Central Plain
Sukhothai 309.60 201,072.88 | 223,163.81 236,004.48 2,304.05 3,602.19 666,457.01
Uttradit 28,973.54 142,738.19 | 447,086.75 631.77 14,868.58 2,763.09 2,52729 | 20,698.86 760,288.09
Phitsanu Lok 77,332.60 397,763.58 | 334,278.62 168.06 219,780.07 18,502.68 4,581.91 725143 | 1,059,658.96
Kampaeng Phet 839.79 418,226.60 189,680.68 277.48 34,796.47 3,174.19 4,091.85 851,087.05
Phichit 108.00 154,233.66 3,006.37 59.04 271,264.99 59.73 1,051.02 2,120.30 431,903.10
Nakhon Sawan 1,769.18 380,008.95 86,019.02 654.39 471,130.22 180.34 4,993.74 8,027.65 952,783.49
Uthai Thani 491.43 248,431.86 | 340,275.22 13.32 70,879.13 1,165.65 3,639.48 664,896.09
Sub Total 109,824.14 | 1,942,475.72 | 1,623510.46 1,804.06 | 1,618,723.94 21,505.84 | 19,797.85 | 4943176 | 5,387,073.79
Lower Central Plain
Chainat 124.56 143,095.51 4,247.38 58.59 99,031.19 1,755.84 2,213.17 250,526.24
Singburi 14.53 23,628.04 242.89 56,036.64 158.94 1,619.63 81,700.67
Lopburi 2,137.14 200,165.77 | 102,915.15 328,918.16 805.39 1,283.76 14,046.18 650,271.55
Suphan Buri 425.79 245,342.35 59,372.45 41.85 220,141.63 14.94 8,898.83 6,121.0 540,358.85
Ang Thong 5.40 29,001.69 21451 63,300.05 102.44 2,425.58 95,049.68
Ayutthaya 2,022.99 38,636.06 7,696.85 197,372.73 3,158.59 5,847.56 254,734.78
Saraburi 5,552.62 125,888.00 |  109,789.27 102,650.01 331.16 1,772.62 2,834.04 348,817.71
Nakhon Pathom 366.19 57,108.17 3,258.57 141.75 145,454.75 3,649.17 3,985.94 213,964.55
Nonthaburi 903.60 4,083.74 425.67 52,238.22 190.53 5,201.36 596.93 63,640.05
Pathum Thani 15,643.53 772.62 175.68 133,633.60 100.71 1,038.29 715.61 152,080.04
Samut Sakhon 204.27 4,449.17 812.41 56,125.63 225 7,599.77 17,868.82 87,062.31
Bangkok 14,883.80 6,774.98 2,265.79 81.54 82,252.11 120.65 |  43,545.58 6,737.89 156,662.34
Samut Prakarn 11,039.23 2,025.11 1,701.95 13.05 57,455.79 89.32 10,154.38 14,232.79 96,711.61
Sub Total 53,323.66 880,971.20 | 293,118.58 336.78 | 1,594,610.50 165495 | 88319057 | 7924515 | 2,991,580.39
Grand Total 163,147.80 | 2,823,446.92 | 1,916,629.04 2,140.84 | 3,213334.44 23,160.80 | 108,117.42 | 128,676.91 | 8,378,654.18

2.4  Environment
2.4.1 Ecology

The lowland areas of the Chao Phraya River Basin in the central plain have been designated as the
Chao Phraya freshwater swamp forests, an area of about 400 km from north to south and 180 km wide.
These forests have almost entirely been removed as the plain has been converted to rice paddies or
urban areas like Bangkok. Then most of the wildlife that once inhabited these plains have disappeared,
including a large number of fish in the river systems, birds such as vultures, the Oriental Darter,
White-eyed River Martin (Pseudochelidon sirintarae) and the Sarus Crane, and animals such as tigers,
Asian elephants, Javan Rhinoceroses and the much-hunted Schomburgk’s Deer.

2.4.2  Water Quality

The water quality monitoring survey in 2010 by the Pollution Control Department (PCD) targeting
48 major rivers and 4 standing surface water resources (Kwan Phayao, Bueng Boraphet, Nong Han and
Songkhla Lake) revealed that water quality in the level of good, fair and deteriorated conditions were in
the proportion of 22%, 39% and 39%, respectively. However, the water quality became worse
compared with those in the previous year. Possible reasons were frequent flooding, urbanization and
insufficient water quality control. Focusing on the Chao Phraya River, the water quality in the upper
basin marked “fair.” However, in the central and lower basin along populated regions such as Bangkok
the quality was worse and marked as “deteriorated”. The map of surface water pollution in the main 48
rivers over the nation is shown in Figure 2.4.1.
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Figure 2.4.1 Surface Water Quality in Forty-Eight Rivers

and Four Water Resources in 2009

2.5 National Development Plan
2.5.1  Vision and Mission

Thailand’s national development plans have evolved in the context of global and domestic changes.
During the Tenth Plan (2006-2011), the Philosophy of Sufficiency Economy was applied extensively in
Thailand’s development, resulting in greater resilience in various aspects of Thai society, enabling
Thailand to cope effectively with the impacts of the 2008 global economic crisis.

The Eleventh Plan (2012-2016) is an indicative medium-term strategic plan aimed at achieving the
vision of the year 2027 which was set out by all parties in Thai society that is: “Thai people are proud of
their national identity, in particular, hospitality.”

Even though Thailand will encounter more complicated domestic and external changes and
fluctuations during the Eleventh Plan, the Plan has stipulated the following visions and missions to
follow the path of Sufficiency Economy with democratic values and good governance.

(1) Vision

“A happy society with equity, fairness and resilience.”
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(2) Missions

252

To promote a fair and quality society so as to provide social protection and security, to enjoy access
to a fair judicial process and resources, and to participate in the development process under good
governance.

To develop people with integrity, knowledge and skills appropriate to their ages, and to strengthen
social institutions and local communities for positive adaptation to changes.

To enhance the efficiency of production and services based on local wisdom, knowledge,
innovation and creativity by developing food and energy security, reforming the structure of the
economy and consumption to be environmentally friendly, and strengthening relations with
neighboring countries in the region for economic and social benefits.

To build a secure natural resource and environmental base by supporting community participation
and improving resilience to cushion impacts from climate change and disasters.

Development Strategies

The Plan has explicit development strategies in “5. Development Strategies” regarding the
Comprehensive Flood Management Plan for the Chao Phraya River Basin for managing natural
resources and environment toward sustainability and the purpose of this strategy.

The guidelines related to the Comprehensive Flood Management Plan for the Chao Phraya River
Basin are as follows:

Ensure preparedness for natural disaster response. Maps and priority list of areas under risk will
be prepared at the national, regional and provincial levels. Efficiency of disaster management
will have to be improved. Furthermore, database system and telecommunication network will
have to be developed. It is necessary to provide support for the development of science and
technology in disaster management. The national volunteer work system will have to be
developed to meet international standards. Moreover, encouragement will be given to private
sector, enterprises, schools and local authorities to be well-prepared, and to develop action plan
for disaster response.

Foster resilience toward trade related measures associated with environmental conditions and
climate change impacts. Efforts will be made for surveillance and monitoring measures related to
environmental conservation that may have effects on international trade and investment.
Measures will be introduced to cope with anticipated effects from trade measures and
international agreements on environment and climate change. It will also be essential to conduct
research on their effects, and to develop strategic plans along with alleviating measures for
relevant products and businesses.
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(1) Background and Contents of the Plan

National Spatial Development Plan

The national plan comprises a

set of measures and strategies to
address national development,
urban  systems,  hierarchies,
function, industry, infrastructure,
and public facilities. The regional
plans will be applied to six

230008
L

regions: Central  Thailand,
Bangkok, and the northern,
eastern, northeastern, and

southern regions of the country.
On 9 July 2002, the Cabinet
mandated the Department of
Public  Works and  Town
&Country Planning (DPT) to
accelerate development of the
urban plan to cover all areas
throughout the country. In
compliance with the aforesaid
resolution, DPT had established a
National Spatial Development
Plan in order to set up the
development policies, strategies,
and measures as frameworks for
spatial development and planning
at all levels in line with each the
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area’s features and potentiality.
The plan was published on 2009
with cabinet approval, divided
into three types: long-term (50
years), medium-term (10 to 15
years), and short-term (5 years)

15-Year Strategic Plan in 2022

Thailand National Spatial Development Plan

R, Cepartment Of Public Works And Town & Country
Wy Planting Ministry OF Interior

(refer to Figure 2.5.1).

Figure 2.5.1

(2) Flood Disaster Protection Policy

Data Source: National Spatial Development Plan (2009)
Fifteen-Year Strategic Plan in 2022

From the viewpoint of the Flood Management Plan for the Chao Phraya River Basin, the
following have been stipulated as a Flood Disaster Protection Policy in the National Spatial

Development Plan:

Non-structural Flood Protection by classifying endangered areas from flooding into 3 levels
(high/medium/low risks of recurrent flood), restoring forests upstream and solving problem of

soil erosion.

Applying city planning measures to protect urban areas from flood.

Deepening and widening watercourses and ditches; Establishing efficient flood protection

plans for urban areas.

Organizing settlement with no water course encroachment permitted.
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Designating high-risk disaster areas free from buildings/structures as areas for natural
catchment development.

Constructing diversion channels for water released from the main waterway.

Establishing an ad-hoc center for flood protection and mitigation in charge of formulating the
action plans, monitoring water, circumstances and disseminating information to the public.

Structural Flood Protection, e.g., Dams, Reservoirs, Weirs, Dikes, Embankment, etc., to slow
down and release water for utilization when the areas face shortage of water supply.

The structures will also be utilized as aquatic animal breeding sources as well as tourism and
communication centers.

A water diversion system will be developed to divert water from the main watercourse into
channels or irrigation canals. The system will divert water that causes urban flooding into
open areas or monkey cheeks for temporary retention.

Flood diversion networks will also be developed for overflow release from the high-density
areas with high economic values to the areas capable of receiving water.

In addition, career structure adjustment and provision of flood insurance or compensation
payment to residents in the areas allocated for receiving the overflow will also be necessary.

Large Scale National Development Plans

Among several large scale national development plans in Thailand, the following infrastructures are
highlighted:

High Speed Train

Expressway

The outline of plans of these infrastructures is as follows:

(1
(a)

High Speed Train
Background
High Speed Train has been planned in the Railway of Thailand (SRT)’s Railway Development

Master Plan (2010) with investment of 176,808 million Baht in order to promote the rail mode as
the nation’s main commodity transportation mode connecting all the major production bases with
Laem Chabang Port. The development of High Speed Rail System (HSR) is particularly needed in
the plan to connect with neighboring countries in the sub-region with expected investment of
742,000 million Baht. The government plans to propose the draft of Loan Act for the country
infrastructure investment.

(b)

Overview
The development plan covers 4 main routes including:
Northern Route (Bangkok-Chiang Mai)
North-eastern Route. (Bangkok - Nong Khai and Bangkok - Ubon Ratchathani)
Southern Route (Bangkok - Hat Yai - Padang Besar)
Eastern Route (Bangkok — Chanthaburi and Aranyaprathet)

The government is expediting the HSR projects and offered implementation under the Public

Private Partnership (PPP) scheme.

For the first phase of the project, the Bangkok-Nakhon Ratchasima route is in the preparation

process for construction as a pilot project (refer to Figure 2.5.2).
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Figure 2.5.2 High Speed Train Network

(2) Expressway
(a)  Background

The Expressway Authority of Thailand (EXAT) had implemented “The Study on Traffic
Condition on Expressway and Future direction of EXAT” which was completed in August 2011.
The study had proposed the future expressway network in the BMA region and the intercity
network.

(b)  Overview
(i) Expressway Plan in BMA

The expressway master plan in BMA comprised 3 phases totaling 22 projects with 347.40 km
in length and total investment cost of THB 125,045.5 million (refer to Table 2.5.1).

The short term plan included 5 projects to be constructed during fiscal year 2010-2020.
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Table 2.5.1 List of Short Term Plan
Proiect Construction Operation Starting Investment Cost
) Period Year (mil. THB)
1)  Sirat expressway — BKK outer ring road 2010-201