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1. GENERAL
1.1 Objectives

A flood damage analysis is indispensable for considering flood mitigation works
because the ex/post sifuation of a project is an extremely important criterion for project
formulation.

The first objective of the flood damage analysis is to analyze the characteristics of flood
damage and to clarify the problems. The second is to conduct an economic evaluation
to determine the feasibility by calculating the reduction of annual damage amount with
or without the project proposed in the Study. For this purpose, statistical data such as
quantity of damaged houses and damaged agricultural area are collected, and additional
interview surveys are conducted to supplement the above data.

To estimate the annual flood damage amount, a computer simulation model is used
because damage amount with project in the future condition is not known. In addition,
even the historical flood damage data are sometimes not well recorded.

1.2 Study Arca

The JICA Study Team had set the boundary of the inundation area due to floods of the
Chao Phraya River and main tributaries, integrating the detailed contour maps with the
past inundation maps. Since this boundary can be regarded as the external boundary of
the possible maximum inundation, this was set as the boundary of the study area
covering 35,000 km?.

13 Study Procedure
The flood damage analysis was done in the following procedure (see Fig.ljl.l).
(1) Data coilection

Statistical data including actual flood damage data, flood damage records and
past study reports were collecied.

(2) Interview survey

Interview surveys were conducted to collect the damage information especially
of the 1995 and 1996 floods, because existing data were, unfortunately, not
eniough for the flood damage estimation. The interviewees included government
agencies, households in the study area, and others including universities and
private consulting companies. The conditions for the flood damage estimation
were set up, and the interview survey helped to clarify the flood damage
mechanism.

(3) Data analysis

The collected data were classified and analyzed. The situation and amount of
damage by historical floods were classified. Based on these data the

V-1
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characteristics of flood were analyzed, and the flood damage mechanism was
clarified.

(4) Conditions set up for flood damage estirnation

Based on the data analysis the required conditions for flood damage estimation
were derived and set up. The methodology and the simulation model of flood
damage cstimation were set, and the reliability was confirmed.

(5) Flood damage estimation for the Master Plan

Flood damage estimation for the Master Plan was made for both with and
without-project situations. Project benefit is considered as the balance between

“with and without-project situations.

(6) Flood damage estimation for the Feasibility Study

The feasibility study area was set, based on the projects proposed in the Master

Plan, which include Chainat, Singburi, Lopburi, Ang Thong, Ayuthaya, Pathum
‘Thani, Nonthaburi, and Bangkok. The same simulation model was used to
cstimate the flood damage in the areas selected from the Master Plan by
inputting more detailed data in case of river improvement and modification of
dam operation rule. '
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2. DATA ANALYSIS
2.1 Data Colleciion

The agencies concerned were visited to collect data that included statistical data, actual
flood damage data and related reports. Interview surveys were also conducted.

Based on the collected data, flood damage was analyzed to clarify the situation of flood
damage, and the condition for flood damage estimation was derived.

2.1.1 Handling Agencies

The official flood dalnage records in Thailand was started in 1978 (Public Welfare
Dept., Ministry of Labor and Social Welfare). Since 1988 the Civil Defence
Department (DoLA) has been responsible for this task. :

Alter a natural calamity including floods, post—evé]uation is carried out and the
province will issue a report. Later, the Division of Civil Defence collects such report
from concerned provinces to integrate the relevant information.

Repair costs of roads and river structures are officially regarded as a part of damage
amount, In recent years, once ﬂooding occurs, damage becomes a considerable amount.
Information on agricultural damage in an area covered by an agnculturdl extension .
office is reported to the Department of Agricultural Extension.

A provincial flood report generally provides statistics on (1) affected citizens,
(2) damaged road and public offices, and (3) emergency services. Other items of
statistics vary among provinces. In terms of agricultural damage, for instance, crop
farming, livestock and fishery do not always appear together as chapter titles in the
flood report. A provincial flood report does not always provide damage cost and unit
cost for damage assessment although it basically counts the number of victims in
different sectors. As for cost of emergency services such as flood fighting activity and
sanitation, some provinces report them in detail and others do not. There is no
established format for this subject.

2.1.2 Data Availability

Table 2.1.1 shows the data availability. Provincial statistics data concerning provincial
areas, population, number of households, commerce, industry, and agricultural area, are
available, but actual damage data is not completely available. Official data on actual
damage only include households, other establishments, fishery, livestock, and public
utilities, but households, fishery and livestock sometimes do not include damage cost
but only damaged quantity. Besides, no data are in the sectors of commerce and
industry.

2.1.3 Historical Record and Scale of Damage:

As shown in Fig. 2.1.1, the infrastructure damage amount in 1995 was the worst on
record and it was 12 bllhon baht for the whole country. Even though the damage due to
drought is serious in a year, the damage due to flood has been recognized in the recent
10 years (see Fig. 2.1.2).
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2.1.4  Actual Data on 1995 Flood

The flood damage data in 1995 by the Department of Local Administration is as shown
in Table 2.1.2. The flood damage for the whole country in the year 1995 estimated by
the Ministry of Interior was about 11,860 million baht. The damages include those of
the agricultural sector and infrastructure of the government sector. The Ministry of
Interior also estimated the whole damage amount including the private sector in the
report on flood damage in 1995. If the damage in the private sector was taken into
account, the total loss would come to 50,000 million baht.

Fig. 2.1.3 compares the -damage amount of agriculture, fishery, livestock, and public
utilities in provinces in the study area in 1995. The total damage was 6,356 million
baht. The share of agricultural damage was 48% of the total damage excludmg those of
households, commerce, industry and other establishmen'ts. Briefly, the significance of
agricultural damage can be observed. Further, integrating fishery and livestock
damage, the total agricultural related damage cost was 3,976 million baht, which was
1.7 times as high as the infrastructure damage of 2,381 million baht.

According to provincial flood reports, emergency medical assistance is naturally
organized, and services and items provided are listed. Due to insufficient format of
reporting the emergency service, it was impossible during the study to inquire on
complete services cost from the provinces conccmed

2.2 Interview Survey
2.2.1 Objectives

The interview surveys were carried out in February to March 1998 to collect several
aspects of damage by floods in 1995 and 1996. These included (1) Inundation depth,
(2) Inundation duration, (3) Initial time of inundation, (4) Location of flood, (5) Cause
of flood (by insufficient drainage and/or river flooding), (6) Economic damage (on
properties and income), (7) Action taken against flood (flood fighting, evacuation and
others), and (8) Requests and expectations on flood control programs of communities
(or individuals).

In addition, the flood damage mechanism was investigated by the interview surveys to
define how the flood or its damage occurred and how the people took measures for the
flood in more detail.

222 Method

On the inner part of the study area, a grid was drawn. The vertical line was 100 degrees
longitude and the horizontal line was 13 degrees and 45 minutes latitude, for
convenience in reproducing lines in every S-km interval. Each cell of the grid was
25 km? and was considered as a unit for the interview surveys (see Fig. 2.2.1). .

1,600 grids were set for around 35,000 km? of the inundated area in 1995 according to
information from RID. The cell was used as a reference on flood damage information to
be collected, and 1,600 interview points were planncd to be located in the grid to cover
the study area. :
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Due io the organizational-difference, interview forms were separately prepared for
provincial offices and communitics. A set of sample interview forms is shown in Table
2.2.1, which was translated into Thai Janguage before the interview surveys.

In the interview survey with either an office or a community, flood events in 1995 and
1996 were queried without exception. Other years, of course, were worthy of collection
but a smaller scale of inundation and uncertaintics larger than those years have to be
recognized. '

2.3 Fiood Damage Records
2.3.1 Major Floods

As far as people in Thailand could remember, the biggest flood was the 1942 flood.
During this flood, the highest water level recorded at the Memorial Bridge in Bangkok
was 2.27 m MSL, and the capital of the Kingdom, Bangkok City, received catastrophic
damage. '

In the last two decades, the years 1978, 1980, 1983, 1995 and 1996 are regarded as
flood years, and flood damage in 1983 and 1995 were the most terrible. Maximum
discharges and water levels were recorded as below.

Past Major Flood Records

Year Maximum Maximurn Maximmun Maximum Water
Discharge at | Discharge at | Water Level at Level at
Nakhon Sawan Chamat Ayuithaya Memorial Bridge
(C.2) {C.13) (5.5) (C.4)*
(m*/s) (m%/s) (MSL m (MSL m)
1942 5.15 - 227
1978 |- 3,539 3,769 4.60 1.99
1980 4,350 3,804 4.70 1.92
1983 2,290 3,290 4.54 2.04
1995 4,820 4,548 5.00 2.20
1996 3,100 3,250 4138 2.12

*  Affected by land subsidence

(1) 1942 Flood

Although the quality of official records is not good and the inundation map is
not available, the river flood in 1942 may have caused one of the largest tloods
“in the Chao Phraya River Basin. The peak water level at Nakhon Sawan was
.estimated to be 1.5 m higher than that recorded in 1995. Flood control measures
in the basin were almost non-existing, and natural habitation on its flood plain
was much smaller than at present.

Monsoon rains caused an exceptionally heavy precipitation of 1,600 mm over
the upper reaches from May to October, especially in the rainy season (August
and October), when rainfall was recorded at 710 mm (430 mm on the average).
In contrast, in the lower basin, rainfall was not significantly farger than normal.
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According to the discharge records, the peak in the main channel alone was
1,500 m*/s at Ang Thong on September 28, 1942, which was considerably iess
than the 2,700 m*/s in 1995. Floodwaters overflowed the dikeless riverbanks
and ran down in the distributaries and flood plains. The total water volume
through Nakhon Sawan was estimated at 33,000 million m’, and it spread over
the lower flood plain. In Bangkok, the peak water level reached 2.27 m MSL at
the Memorial Bridge in October 12.

(2) 1983 Flood

The flood in 1983 is well known by the considerable damage, primarily in
Bangkok, that lead to the present flood protection facilities. Exceptionally farge
rainfalls were recorded in the upper reaches of the Chao Phraya River from
September to November. The discharge at Chainat reached 3,290 m¥/s in
October and November due to the flow from the Sakae Krang tributary.

In the lower basin, heavy rains in August (434 mm compared to 170 mm on the
average) caused local flooding, because of low water level after the dry season.
After that, the total rainfall from September to November was recorded at
405 mm, compared to 215 mm on the average, which resulted in the peak water
level of 2.04 m at the Memorial Bridge on November 9 and 26, 1983 and the
extensive inundation in Bangkok.

(3) 1995 Flood

The flood in 1995 caused inundation to an area of approximately 15,000 km’
from the upper to lower reaches. The difference with the other cases of flooding
was that Bangkok was practically protected from floodwaters and hence, did not
receive much damage in contrast with the heavy damage outside of the city’s
structural protection area and in provinces.

The cause of heavy rainfail was a sequence of tropical storms from the end of
July to early September. August’s rainfall in the Nan and Pasak catchment areas
was recorded at 450 mm and 345 mm, respectively. The Sirikit Dam’s huge
reservoir, of which water level was between the lower and upper rule curves at
the end of July, was filled with inflow from the upstream in August and
September and the spillway came into operation for the first time after the
completion of the dam. In spite of the spillage, the Sirikit Dam stored
3 billion m*. The Bhumibol Dam Reservoir of which water level was below the
lower rule curve at the end of July escaped from spillage and stored 4.5 billion
m’® from August to October. Had it not been for these reservoirs’ capacities, the
peak discharge at Nakhon Sawan could have reached 6,000 m/s, according to

-the study sponsored by the World Bank {1996).

Along the stretch of 310 km from Nakhon Sawan to Bangkok, the peak flow of
1,480 m*/s of the Pasak River joined the Chao Phraya River. Although a
substantial volume of water was released into the floating rice area and some
sections of the left bank between Chainat and Ayuthaya were breached, the
flood dike prevented flooding in the major high yielding rice areas,
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The flood damage compiled by the Department of Local Administration is

presented in Table 2.1.2. The inundation maps of the 1995 and 1996 floods
shown in Fig. 2.3.1 and 2.3.2 were made according to the interview surveys.

Flood Damage in Urban Area
(1) Bangkok Area

Bangkok is located on the flat delta arca of the Chao Phraya River at a distance
extending to some 27 to 56 km from its mouth. The city has a ground level of
1.0 to 1.5 m above the mean sea level on the average.

There have been several studies on flood damage in the Study area. Most of
them had focused on thc Bangkok metropolitan area. JICA has been
occasionally conducting study programs since the early 1980°s.

Concerning flood damage assessment, JICA’s report (JICA, 1987) provided the
relation between flood damage and probability. Of recent studies, NEDECO
carried out an interview survey on direct damage to different sectors except
agriculture and other subsequent expenses due to inland water inundation in
Bangkok in 1995.

Klongs developed in and around Bangkok used to have an effective drainage
system before the rapid urbanization, and no serious damage by floods had
occurred. In accordance with the rapid urbanization and land subsidence of
Bangkok, floods became significant social problems and caused large amounts
of damage estimated as follows (Source: Flood Forecastmg System in the Chao
Phraya River Basin, JICA, 1987):

(1) 1975/ Bangkok, 1,100 million baht

(i) 1980 / Central Bangkok, 450 million baht
(iii) 1982 / Central Bangkok, no data available
(iv) 1983/ Greater Bangkok, 6,597 million baht

The inundation area in 1983 is shown in Fig. 2.3.3. Since the flood protection
and drainage system in Bangkok has been improved to a certain extent since the
1983 flood, the flood damage in recent years has decreased. The 1995 flood
was the biggest flood in a period of 13 years after the 1983 flood, and because of
the flood protection facilities provided after 1983 such as dikes, gates and
pumps, the flood ddmdge was far less than that of 1983. Flood damage
concentrated mainly in the lower areas along the banks of the Chao Phraya

~ River and the suburbs outside the protection dike, as shown in Fig. 2.3 .4.

(2) Major Cities in the Chao Phraya River Basin

As for ﬂood damage in the provinces, one of RID’s projects (RID, 1997)

derived the average damage cost in Nakhon Sawan whose capital and
surrounding area was inundated in 1995,

A series of interview surveys in eight'municipal offices was carried out from
January 7 to 10, 1997 to identify the flooding problems in major cities in the
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Chao Phraya River Basin. All of the eight cities were severely damaged in 1995,
2xcept Nakhon Sawan all of them were damaged by flood again in 1996,

The survey results are given in Table 2.3.1. Flood inundation maps of these
cities are presented in Figs. 2.3.5102.3.9.

Recent Major Floods
City Population in 1994 Recent Major Floods
Sukhothai 39,044 1995, 1996
Phitsanulok - 91,143 1995, 1996
Phichit 57,276 1994, 1995, 1996
Nakhon Sawan 145,636 1970, 1980, 1995
Chai Nat 19,706 1994, 1995, 1996
Sing Buri 21,329 1984, 1995, 1996
Ang Thong 21,183 1995, 1996
Ayuthaya 70,367 19951996

2.3.3 Flood Damage in Farmland

Agricultural areas damaged by natural calamities such as drought, flood and others
(pest, disease, etc.) between 1983 and 1992 are shown in Tables 2.3.2 and 2.3.3.
According to these tables, flood damage arose less frequently than the drought damage
but its damaged areas were very extensive in 1983 and 1990.

Table 2.3.4 shows the rice cultivation damage by flood summarized by province in the
Chao Phraya River Basin. Agriculiural areas damaged by the 1995 and 1996 floods are
summarized by province in Table 2.3.5. Based on the relief system, the Government
- gave free seeds and fertilizers to farmers whose farm products were damaged by flood.

The flood damage extended to the fishery sector, too, as shown in Table 2.3.6. The
Department of Fishery provided seven million fries to the fishermen free of charge
based on the relief system similar to the case of the Department of Agriculture, which
was twice the usual quantity a year for inland fish culture. '

24  Flood Damage Mechanism
24.1 Damaged Area

A province (Changwat) is divided into several districts (Amphoe), while some districts
have municipalities (Tesaban) and sanitary cities (Sukabiban). A municipality and a
sanitary city are considered as an urban area and a hub city, respectively.

Flood damages concentrate on the municipality in case of a district having a
municipality. Otherwise, flood damages concentrate on the agricultural sector in case
of a district without a municipality.

Most of the private sectors such as houses, commercial shops, and small factorics are
located in the municipalities. Most houses, commercial shops and small factories are of
low floor type, and in such floor types, a large amount of assets exist.
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On the other hand a small number of buildings in the private scctor are in districts
without a municipality, Thus, a small amount of assets is in the district except assets in
the agricultural sector. In addition, most of the houses are of high floor type in rural
areas, so that these houses are, functionally, relatively durable against floods.

24,2 Wisdom of Flood Countermecasures

When floods strike people try to protect their assets or mitigate flood damage by taking
countermeasures. Since inundation comes up stowly, people can determinc when the
flood comes and have enough time to take countermeasures. Tnundation level comes up
several centimeters per day, and it took 20 to 30 days from the beginning of the
inundation to reach the highest level in the case of Ayuthaya in 1995. The flood
information is sometimes broadcast on radio or TV.

People make efforts to move their assets such as furniture and television to the second
floor or an upper place like a shelf or desk in most cases. Some people try to construct a
new f{loor on a higher level to move their household effects, and they live and sleep on
this floor., Shopowners construct protection walls made of cement.

Large factories are located around municipalities or sanitary cities in general. Most of
these factories have their own dikes for protection against floods. They usually have
large amounts of assets such as facilities, machincry, materials and products, and with
these flood protection works, the assets are relatively protected against floods..
However, once these are submerged, the damage amount becomes very large.

People have developed the wisdom of providing flood countermeasures through their
experiences. However, they cannot prevent or mitigate big floods and, actually, niuch
damage has been inflicted.

2.43  Situation in Flood

During floods people go shopping by small boats, or peddlers come to their houses.
Due to the flooding situation, however, people suffer because it is very difficult to go
somewhere or to buy daily necessities in the inundated areas. As for drinking water,
people in urban areas buy bottled water, while people in rural areas drink rainwater
because they normally stock rainwater from their roofs in big pots. As for food, people
tend to eat dry noodles. ‘

2.44 Composition of Damage

It is easy to recognize direct damage on houses or its assets. Direct damage is not so
much because people remove their assets to higher locations as mentioned before.

On the other hand, it is difficult to recognize indirect damage. Business suspension is
considered as an indirect damage. People cannot work during floods, and floods
sometimes take a long duration of more than three months.

In addition, the cost of countermeasures can be considered as an indirect flood damage.
To estimate the total amount of damage, indirect damagc cannot be ignored because the
amount is unexpectedly large.
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There is an intcresting report by PWD, Tt shows diseases duc to flood, consisting of
19% of conjunctivitis, 11% of diarrhea, 45% of athlete’s foot, and 7% of food
poisoning in 1995. It also shows curative costs for waterborne diseases amounting to
1,449 baht/household. In addition, it mentions problems such as traffic, commerce,
sanitation, settlement, food, drinking water, diseases and others. These kinds of damage
are also indirect damages. Indirect damage becomes more serious if these damages are
{aken into account.

Another interesting report on Ayuthaya by PWD mentions tourism damage. Ayuthaya
is one of the most famous places for tourist in Thailand, therefore, income from tourism
is a large amount. Since during floods no tourists come to Ayuthaya, the damage on
tourisim is estimated {0 be large.

1t is difficuit to recognize and estimate all indirect damage amounts as well as
intangible damage.

V10 g
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