Sector V'

3. CONDITIONS SET UP FOR FLOOD DAMAGE ESTIMATION
3.1 Premises for Flood Damage Estimation
3.1.1 Components of Ilood Damage

Fig.3.1.1 shows the components of flood damage. Flood damage has been divided into
two categories: (1) tangible damage and (2) intangible damage. The latter, which
includes negative psychological impact such as fear, depression and health, etc., was
excluded from the damage analysis because it is next to impossible to estimate such
psychological conditions.

Tangible damage has further two categories: (1) direct damage and (2) indirect damage.
Direct damage 1s measurable and often referred to as the damage. Indirect damage is
not physical but subsequent negative effect on economic activities. Sales loss, for
instance, is atypical indirect damage due to business suspension in a shop forced to
close by inundation. Direct damage also includes loss of tourism and expenses for
disease and so on. :

Direct damage consists of damage to households, commerce, industry, agriculture,
fishery, livestock and public utilities.

3.1.2 Data for Damage Amount Estimation -

Damage amount is the total of direct damage and indircct damage, a function of
inundation depth and duration (Fig. 3.1.2). In the Study, direct damage is physical
damage expressed as economic value of assets (building and assets except land) in each
sector. According to the statistics on agriculture, direct damage consists of loss of
harvest, damage on livestock, and loss of fish and damage on aqua-culture facilities.
Indirect damage is subsequent negative result of inundation. Inundation occasionally
forces economic activities to stop for a few days or more (business suspension due to
flood). Employees, for instance, may not have access to their working places and shops
may close due to direct damages. In these cases, employees may lose part of their salary
due to leaves of absence (income loss) and shops may lose sales expected (sales loss).
Along the Chao Phraya River, flood inundation continues for a few months from place
to place and this indirect damage will become worthy of consideration as the country
further develops.

There is no authorized methodology to estimate damage amount, and there are no
available data of damage rate or unit cost to estimate the damage amount, although the
concept of damage estimation is known in Thailand. There are some methodologies or
damage rates in some reports by PWD, but these are not authorized and are different
depending on the report. Damage amount is estimated differently case by casc. In some
cases damage rate is set up as baht/household or baht/km* without unit cost.

Flood damage information is categorized into houschold, agriculture, commerce,
industry and other sectors. For each sector, direct damage amount is represented as the
idea in Fig. 3.1.3, the damage on assets. Flood damage at a certain inundation depth is
calculated by the equatlon below:
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Total Damage Amount = 2'(Damaged Quantity x Unit Value * Damage Rate) +
Indirect Damage Amount

As for the flood damage data, the basic data are concerned with each category
mentioned above, In addition to these data, the damage rate and unit value are needed
when the damage amount is estimated.

Te calculate the damage amount in each sector, the whole damage amount can be
estimated. In this process, the damaged quantity should be understood and the unit cost
and damage rate should be set up. Damage rate is concerned with inundation depth, and
also duration in case of agriculture. '

3.1.3 Distribution of Assets Value in the Study Area

Table 3.1.1 shows the data on number or area of houses, commerce, industry and
agriculture. These data are concentrated in the lower delta including Bangkok. On the
- other hand, the agricultural area is distributed in the upper central plain and higher
deita.

Table 3.1.2 and Fig. 3.1.4 show the data on the distribution of assets value in the study
area taking into consideration the assets value and farm gate price set up in Subsection
3.2 Assets value is mainly concentrated in the lower delta including Bangkok.
Agricultural valuc shares just 0.67% in the total assets value. Thus, most asset values
are in the private sector covering houses, commerce and industry.

32 Set Up Conditions
~ 3.2.1 Unit Value

To consider unit value, there are the unit values of main buildings and of assets except
land. The National Statistics Office provided thematic values; that is, (1) the national
survey on industry (NSO, 1992), and (2) the national survey on commerce (NSO, 1994)
as the source of asset-value in the damage estimation system. Further, the proportion
between commercial and residential buildings from the interview survey is applied to
the data in (2) to set a value for residential buildings and assets owing to inaccessibility
to official statistics on the subject. The Study Team applied an appropriate economic
factor to the values in 1998 for the estimation (Table 3.2.1). '

322 Damage Rate in Privéte Sector

Flood damage rate is the proportion between direct damage amount and assets value

{Fig. 3.2.1). The deeper is the inundation, the larger the rate becomes. The damage rate
on houses has been derived as shown in the following table mainly from the survey by
RID in 1997 and referring to the results of flood damage survey. This has been applied
to the other three sectors (commerce, industry and other establishments) as well; since
no significant difference was observed in the damage rate of these sectors. '
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Damage Rate Below Floor Level (Unit: %)

Inundation depth (im) | House/damage rate | Assets/damage raie
0< x <0.5 0 0
0.5< x 3 0

Damage Rate Above Floor Level (Unit: %)

Inundation depth {m) | House/damage rate | Assels/damage rate
0< x <0.5 3 |
0.5<x<1.0 5 8
1.0<x <15 7 13
1.5< x <2.0 8 17
2.0< x 9 19

3.2.3 Damage Rate in Agricultural Sector and Farm Gate Price

Damage rate has been set, considering RID, Indonesian study and Japanese practice.
Farm gate price has been set, considering RID practice. (See Table 3.2.2.)

3.3  Methodology of Flood Damage Estimation
3.3.1 Direct Damage
D.irect damage has been calculated as follows:
| (1) .Household, Comfnerce, Industry and Public Utility

Flood damage for household, commerce, industry and public utility is
calculated at a given depth, as follows:

Flood Dmﬁage of a Sector = Value of building * Damage Rate (a) + Value of assets %
Damage Rate (b) (1)

Flood Damage of this section = X (Damage of Residence, Commerce, Industry and
other establishments) (2)

To estimate these kinds of damage, floor type is divided into two, high floor and
low floor, in the structural point of view, because damage rate is influenced by
the structural feature very much.

(2) Agriculture, Livestbck, Fishery
Agricultural damage is calculated as follows:
Cne type of ddmage = grea * yield X farm gate price x damage rate (3)

Agricultural damage = X (damage of fice, Jield crops, vegetable and fruit)  (4)
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3.3.2

For other major calegorics, livestock and fishery, their proportion in total
agricultural damage amount is derived from the statistics on flood damage
amount in 1995 and 1996. Damapge rate of livestock is 0.7% and that of fishery
is 10% of the total agricultural damage.

Then, subscquently, two other damages can be calculated:
Livestock damage = (4) x 0.7:100 {3)
Fishery damage = (4) % 10/100 ()
(3) Public Utility

(@) Rural Area

Since agricultural arcas abound in the rural area, public utilities are
greatly related to agriculture. If the damage amount for public utilities is
drawn from the total agricultural damage amount of the 1995 flood, the
damage to public utilities would be 70% of the total agricultural damage.

Then, subsequently, two other damages can be calculated, as follows:
Public utility damage in rural area = (4) x 70/100 ' (7)
(b) Urban area

Since the agricultural area in the urban area is very small compared with
the agricultural areas in the rural area, the method under the above
Ttem (a) cannot be adopted for the calculation of damage to public
utilities. Therefore, the method used in Japan has been adopted and the
damage amount for public utilitics was computed; i.c., the damage
amount of public utility is 52% of the total damage of general properties
like households, commerce, industry and other establishments.

Then subsequently, two other damages can be calculated, as follows:
Public utility damage in wrban area = (1) % 327100 (8)

Indirect Damage

Although statistics on income and sales is available, it has been impossible to draw the
relation between income or sales loss and inundation depth. With the developing
condition of Thailand, however, the estimation of such indirect damage cannot be

“neglected. In the Japanese practice, which was successfully applied to similar studies in -
the neighboring countries, indirect damage is assumed to be 6% of direct damage and
this was applied to the Study.

Further, expressway or trunk road damage is not considered in the estimation of
indirect damage. The Department of Highways commented that these roads were well
prepared for flooding in terms of budget and material, and freight economy could not be
much negatively influenced. '
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34 Flood Damage Estimation in the Past Floods

Damage amount has been estimated for representative floods in 1983, 1995 and1996.
The estimated damage amount in the objective study area is 71, 72 and 32 billion baht,
respectively, as shown Table 3.4.1. This estimation is under the situation in 1998,

The inundation volume in 1995 is larger than that in 1983, although the damage amount
is almost the same, because the ring levee around Bangkok where buildings and assets
are concentrated, were not yet completed in 1983,

Flood damage amount in cach sector is high in the order of industry, commerce, and
households. If the damage amounts of these three sectors are added, they will become a
little more than 90% of the whole damage amount. Other damage amounts including
agriculture are 10% or less of the whole damage amount. :

I the damage amounts for industry, commerce, and households are distributed among
the four areas (Upper Central Plain, Nakhon Sawan Arca, Higher Delta, Lower Delta),
the damage in cach scetor would concentrate on the Lower Delta. With regard to the
other sector containing agriculture, the damage amount will concentrate on the Higher
Delta, because the agricultural area is large and the inundation is deep in this area.

The Ministry of Interior estimated the damage amount including the private sector in
the year 1995 in its report on flood damage for 1995. If the damage in the private sector
is taken into account, the damage amount would come to about 50 billion baht. This
official damage amount including the whole sector estimated by the Ministry of Interior
is nearly the same as the estimation result in this Study. '

Therefore, the simulation model is considered to be appropriate.
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4, FLOOD DAMAGE ESTIMATION FOR THE MASTER PLAN
4.1 Introdwuction

Based on the premises described in Section 1 to Section 3 above, flood damage amount
was estimated with-project and without-project for the Master Plan. “Without-project”
means the future basin condition in 2018 as discussed in Sector VI, Flood Mitigation
Plan, and “with-project” means the condition where a proposed project is added to the
future basin condition. “Project benefit” means the damage reduction from the
“without-project” to “with project” situations.

4.2 Flood Damage Estimation for Without Project Situation
4.2.1 Precondition

The target year of the Master Plan is 2018. Since the value of buildings and assets set up
in Section 3 are values under the condition in 1998, preconditions were set up to
estimate the damage amount under the future basin condition in 2018 for each flood
event, as follows:

. The value of buildings and assets as well as crops was set-based on the
growth rate of per capita income and popu]atlon in the year 2018, as
shown Table 4.2.1.

e  The plans prepared by PWD with'IOO-year"-retum period of ring dike
surrounding urban areas were set up. Flood damage estimations exclude
the areas protected under the PWD plans.

. In Bangkok, since the protection works (design water level is 2.4 m at
Samsen) will be made as planned, the damage amount by floods in which
the phenomenon exceeding design water level occurs was calculated on
the basis of the relation between inundation Volume and damage amount,
as shown Fig. 4.2.1.

. The ground levels were modified by considering the probable future land
subsidence in and around Bangkok.

4.2.2 Annual Average Damage Amount

The hydraulic parameters of inundation depth were calculated by hydraulic simufation
for every flood event, as discussed in Sector I, Hydrology and Flood Simulation;
namely, 45 floods from 1952 to 1996. Flood damage without the project was
accordingly calculated for every case of flood event applying the hydraulic parameters
to the methods of flood damage estimation as discussed in the previous section. The
results of calculation in each of the 45 floods are shown in Fig, 4.2.2 and Table 4.2.2.

Annual average damage amount was calculated as the average for 45 floods. Annual

average damage amount without project was estimated to be 24,239million baht in the:
whole objective area.
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Annual Average Damage Amount Without Project

Area Annual Average Damage Amount
Bangkok Area 4,200 million baht |
Rural Area 20,039 million baht
Whole Objective Area 24,239 million baht

4.3 Flood Damage Estimation for With Project Situation

In addition to the precondition in the previous section, the precondition for the situation
with project was set up depending on applicable measures set up in the Master Plan, as
discussed in Sector VI, Flood Mitigation Plan. The applicable measures were divided
into two types, the nonstructural measure and structural measures. Flood damage
estimation for the with-project situation was carried out in both cases of individual
application of measures and combination of measures.

(1) Individual application of measures
(a) Nonstructural measures

The nonstructural measure is the modification of dam operation rule
selected from several nonstructural measurcs for damage estimation with
project. '

» Modification of dam operation rule

(b) Structural Measures

Structural measures consist of the following:

¢  River improvement from Chainat to Pathum Thani
*  Ayuthaya-East-Sea diversion
-»  Heightening of ring levee along the river in Bangkok
* Drainage system improvement in the lower central plain

e Distribution system improvement

(2) Combination of measures

In this study, the Master Plan is formulated consisting of structural and non-
structural measures. In the Master Plan, for flood mitigation in the urban areas
of Phathum Thani, Nonthaburi and Bangkok, the three alternatives are provided
as the following:

e  Alternative ]  : Partial protéclicn of Pathum Thani and Nonthaburi
e Alternative 2-1 : Heightening of flood barrier at Bangkok

»  Alternative 2-2 :Construction of diversion channel

In casc of alternative 1, flood damage estimation includes the damage in the
urbanareas where are not protected in both Pathum Thani and Nontabuiri.
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4.4 Benefit Estimation for Each Project

Renefit is the difference of effects at the time when projects are implemented or not.
The bencfit for ecach project was calculated by the following formula. The
representative floods in 1983, 1995, 1996 were chosen for the estimation of the benefit.

Benefit = Annual Average Damage Amount X( Xwop- Zwp)/ Lwop

Here;

Zwop = X(damage amount of representative floods without project)

Zwp = Z(damage amount of representative floods with project)

* Benefit for each project provided is shown in Table 4.4.1.
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5. FLOOD DAMAGE ESTIMATION FOR THE FEASIBILITY STUDY
5.1 I Introduction
5.1.1 Ojective Project

In the Master Plan, several project components have been proposed for flood mitigation
in the Chao Phraya River Basin, consisting of structural and nonstructural measures.
Modification of dam operation rule, land use control and guidance, institutional and
organizational arrangement, and river improvement have been selected for the
Feasibility Study. Among these project components, flood damage estimation was
carried out for two components, the modification of dam operation rule and the river
improvement. :

5.1.2 Future Condition

The target year of the objective projects is 2005, and this damage amount estimation is
carried out for the future basin condition in 2005. The conversion rates of asset values
from 1998 to 2005 are assumed based on the projected land use and growth rates of
population and per capita income as shown in Table 4.2.1.

5.2  Modification of Dam Reservoir Operati'oh

Target dam reservoirs are Sirikit, Bhumibol and Pasak. Benefits to be generated by the
modification of the dam reservoir operation are estimated for four cases, namely three
individual cases of each dam and a combmatlon case of the three dams.

5.2.1 ¥lood Da_mage Amount Without-Project

The effectiveness of the proposed modification is expressed as a difference of flooding
condition between before and after the proposed modification. As discussed in Sector
VIII, “Integrated Dam Operation Plan”, the following rules are applied as 1he rules
before the modification, namely the without-project condition:

Dam Reservoir Rule before Modification
Bhumibol - Current Rule {Observed QOutflow)
~ Sirikit . Rule proposed by JICA KIN Study

Pasak Conventional Operation

Flood simulations are made for 33 years from 1964 to 1996 as discussed in Sector I,
“Hydrology and Flood Simulation”. Flood damage amounts in all the flood events are
estimated by using hydraulic parameters obtained the flood simulations as shown in
Table 5.2.1. Then, the annual average damage amount are calculated as follows
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Annual Damage Amount Without Project
Area - Annual Damage Amount
{bil. Baht/year)
Bangkok Area 2.1
Other  Areas 135

Total 15.6

5.2.2 Flood Damage Amount With-Project

In the combination case of the three dam, flood simulations are conducted for all the 33
years, but only ten representative floods, in 1972, 1973, 1979, 1983, 1984, 1985, 1987,
1992, 1995 and 1996 are applied in the individual dam cases. Using the obtained
hydraulic parameters, flood damage amounts in all the flood events are calculated as
presented in Table 5.2.1. :

523 ._E_xpec'ted Benefit

The béneﬁt, namely the reduction of the annual average damage amount to be derived
from the proposed modification is calculated in the foliowing equation.

Benefit = Annual Average Damage Amount X( 2 woﬁ- 2wp) Lwop |
Here; - | . ' _ - %
2wop = 2(damage amount of representative ﬂooé’s without projeét)
Zwp = ZX(damage améunt of representative floods with project)

In the combination case bfth_e three dams, all the 33 ﬂbbds aré_app.fi'ed as the
representative floods. o

The estimated benefit are tabulated as follows:

Benefit of Modification of Dam Reservoir Operation (xhil. baht/year)

Objective Dam Bangkok Qther Areas Total
Sirikit - 225 271 496
Bhumibol 25 43 68
Pasak 135 . 472 . 607
Combination of © 299 868 L L167
above three dams : .

Note:Above benefits are under the future basin condition in 2005. -

53 River Improevement

Five cases of the river improvement are conceived, namely one case for the 3-year.
improvement and four cases for the S-year one as follows:



Sector V

Conceivable Cases for River Improvement

Case No. | Protection Level | Protection Area of River Area
Improvement (km?2)

5-1 5-yr Area-1 410
5-2 5-yr ) Area-1t02 1,260

- 5-3 . S-yr . Area-1t03 1,330
5-4 5-yr Area-1to 4 1,510

3 3-yr " Area-1,4,567 and 8 2,035

5.3.1 Flood Damage Amount Without-Project

The modification of the dam operation is very effective for flood mitigation with less
cost, according to Sector VIII. Moreover, it can be implemented soon if the agreement
is reached among the agencies concerned. For the Feasibility Study on the river
improvement, therefore, it 1s assumed that the dam operation modification has been
completed before the implementation of the river improvement. This means that the
without-project condition for the river improvement includes the proposed
modification of the dam operation.

The 1957 and 1996 floods which nearly correspond to the 3-year and S year floods
respectively in terms of the discharges at the Chao Phraya Dam are applied for the flood
simulation under the without-project condition. Using the obtained hydraulic
parameters, flood damage amounts for all the problem areas given in Fig. 5.3.1 are
calculated as shown in Table 5.3.1.

5.3.2 Flood Damage Amount With-Project

Flood simulations are conducted under the proposed river improvement plans for the
3-year and 5-year flood events in 1957 and 1996 respectively, and corresponding flood
damage amounts are estimated as presented in Table 5.3.1. This table gives differences
between the damage amounts with- and without-project.

5.3.3 Expected Benefit

Based on the estimated flood damage by each probable discharge, the benefit, the
annual average damage reduction is calculated as presented in Table 5.3.2. Since the
S-year Improvement plans are partial protection plans, these improvement works
increase flood damage in the unprotected areas, although they reduce flood damage in
the protected areas. In Table 5.3.2 damage amount reductions are calculated for the
positive and negative ones separately, and sumimarized in Table 5.3.3.












_Table 2.1.1 : DATA AVAILAB

ILITY

1A

Total arca hectare Yes every district

Population numbcer Yes every district

Household number Ycs cvery district

Commerce number Yes cvery district, large or small
Industry number Yes every district, large or small
Agriculture hectare Yes every district, every crops

nnmber

Household Yes whole and partiat
amouni No

Commerce number No
amount No

Industry number No
amount No

Other establishment number Yes school, temple, official building, etc.
amount Yes

Agriculture area Yes
amournt Yes

Fishery number Yes tish pond, shrimp pond
amount No

Livestock number Yes
amount No

Infrastructure number or meter Yes road, bridge, irrigation
amount Yes

Whole damage amount

1}

din

in

.R/Ieth_qdology

, only 12 1995

Unauthorized
D
House Unauthorized
Commerce Unauthonzed
Industry Unauthorized
Agriculture Unauthorized
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Table 2.3.2 FLOOD AND OTHER DAMAGES ON AGRICULTURE (1984-1993)

Damaged Arca (Rai)

Rice Corn Ground- Mung- Soy- Sugar Cassava Other Vepgetable Fruit Total

nuis bean beans cane

Diought | 219203 | 902613 | 12,047 | 19,053 | 11,994 | 496,158 | 97,871 | 20,094 | 9010 1475 1,790,418

1983/84) Flood 3,985,614 74545 8oas; as041]  s623)  83153| 89903 66,666 74452 65757 4,499.609

g Other 212 a7 . - - . - - - s -
Total 4205029 | 977,205 20992 640941 17,617 57031t | 187,774 ] 86760 | 84,362 61,2371 6,290,381

Drought | L252,661 | 794,638 | 24779 | 40,141 21236{ 8409 376 | 29,891 363 . 2,172,494

1og4ies| Flood 660,833 8TEIS| 324l 13sst| 21271 304 3,296 15588 2,171 804,868

Orther 180 168,969 . ) . . . A - . 169,149

Total L913,670 | 1,050,722 | 25,103 | sé002] 42507 8409 680 ] 33,187 | 15951 2171| 3146511

Drought | 419,506 | 468230 [  s930| 2548{ 1,181 88322 545 3,124 261 171 989,21%

1985/86| Flood 320,848 SLISH) - 2295) 78,5811 43,0000 8384) 7204 33032 o134 3001 538,310

Other LK - .. . 295 ; ) B 00| 3,276 3,744

Total . 0427 519981 | 8205| 8L120| 44566 96706 7,839 | 37,056| 9495 6448 | 1,551,872

Drought | 4100984 | 1,048,240 | 25561 | 23038 | - 5947 4464 22261| 91047 67| . 6,221,809

1586187] Flood 732,354 4808 143301 4478y 28105( 9067) 31411 17355| 9300 11,789 $74,727

Other 4,076 . . ) . N ) . . 2 4,096

Total 183TAL4 | 193,048 ) 39891| 27516 34052| 13531) 25402| 108402| 9,567 1,809 [ 7,100,632

|Drought | 5388361 | 3,024,444 | 61,480 [ 23,343 | 466,185 | 130,309 163,557 | 2,197,495 | 42,254 194 | 11,497,622

7 1987/88| Flood 1,546,351 42,138 | 8863 | 58,448 | 20,429 68 12751 83929 21180 8209 1802366
3 Other - - . . - - - - - - 0
Total 6,934,712 | 3,066,582 | 70,343 | 81,791 | 486,614 | 130377 | 176,308 | 2,281 434 634341 8,403 | 13,299,988

Drought | 2239166 | 201,609 | 18731 6411 576 . 50,685 Li30f 2,521,450

wepgfflood 4 2777727 | w3355 | 1asa | ager| ssas2| 3209 | 76942 162,029 | 74,811 | 256,611 | 3,667,277

Other . . . ; a8 . 341 . 1,649 2,434

Total 5036898 | 335364 | 3327 ) 100578 | s6772] 34220 76742 213,055 75,941 | 258,260 | 6,191,161

Drought | 2301832 | 784,617 | 766 | 3794t | 21,385 | 11025] 1377 169648 1 7,582 | 10,748 | 3366195

1s8siso|Flood | 380,703 23,018 811 481 180,246 | . 11,440 791 265 597,755

Other . | 290,014 695 s 1290 8191 . . 49,094 | 30,2231 790994} 1,182,326

Total 2912491 808330 sE2| sLaiz| 209822 1026 | 1370 230,182| 38596 802,007 | 5,146,276

Drought | 2981355 [ 1L713,762 | 6,257 29,035] 84,645 $5010] 9024| 171022| 8297 23,261 5,081,668

1900 Flood | 4,891,219 53,085 | 4833 70| 229541 73361 63896 | 109,125 | 28205 [ 145196 | 5326019

Other | 6,711,556 615 2 . 8219 _ . L6T4 | 2272] 1,504] 6725872

Total HARREAGIE 1767462 | 1L122| 29205 | nisgis| 164,739 | 72920 | 281821 38,774 | 169,961 | 17,133,559
Drought [ 1326506 | 1,592,610 | 22,694 | 21,593 | 336,096 164,739 | 35771 189853 | 8876 | 13161 3700054
woreaFlood | 4,224,995 804281 2,032| 90t | 9059 3719] 43,185 147,569 | 10992 ) 18489 | 4549479

Other o344 54 9 160 308 ) . 1,495 6274 | 1381 44,105
Total 5,585,925 | 1673092 | 24735 | 30,764 | 345463 168,458 | 78,956 | 338017| 26142] 21 186 8203638
Drought | 4.612.249 | 491,758 | 16482 [ 25,641 339,748 | 160,112 | 73,929 | 750.727 9,790 | 224951 | 6,705,387
1593703  Flood 1,561,912 44,618 2952 27028| 19990 | 11,716 203,799 | 29358 | 72,113 1973486
Other . | 1382361 3,029 . . 18445 | 30! 1263 103} 18296 1 1,423,527
Towt | 7,336,522 | 539,405 | 19434 | 52669 [ 378,183 | 171,828 | 73959 | 955780 39,251 { 315,360 10,102,4@
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Table 2.3.3 FLO()D AND DROUGHT DAMAGE BY REGION

1) DAMAGED FARMILAND BY FLOOD : (rat)

region | 1983/84 | 1984/85 | 1985/86 | 1986/87 | 1987/88 | 1988/89 | 1989/90 | 1990491 | 1991/92 | 1992/93

North 350,286 | 1,178,206 177,793 | 3,093,488 | 5,671,555 104,119 757,873 1 1,563,894 | 2,194,302} 1,562,174

N. Eastern 217,809 337,810 420,340y 2,138,854 | 2,522,391 § 2,355,067 | 1,156,704 661,802 431976 | 3,330,688

Central 463,011 | 286,034 147091 692,760 | 1,400,348 62,264 | 383,196] 892079 | 479,987 813,804
Fast 31,776 86,617 162,522 43,381 529,261 ) 80,825 370,998 12,761 468,756
Wost 726385 | 259,591 | 214,454 234,527 | 1,362,426 ) 2757201 349,504 1 547,021 508,282
South 1,151 24,236 ) 18,799 11,641 i 711,877 | 1,236,391 8,007 21,083
Total 1,790,418 | 2,172,494 | 989,818 | 6,221,809 | 11,457,622 | 2,521,450 | 3,366,195 | 5081668 1 3700054 | 6,705,387
2) DAMAGED FARMLAND BY PROUGHT {rai) .

region | 1983/84 1984/85 | 1985/36 | 1986/87 | 1987/88 | 1988/89 | 198990 | 1990491 | 199192 | 1992/93

North 988,582 | 1,346,686 464,039 | 3,211,813 7 6,283,908 986,724 | 1,205,604 ] 4,974,126 | 3,964,585 | 3,661,236

N. Gastern 1,279,327 531,499 518,700 1 2,235,631 3;040,909 2,492,587 | 1,296,822} 2,655,705 | 2,847,051 | 3,744,776

Central 1,384,841°] 356,737 95,584 | 734,183 | 1,739,007 | 314740 | 552202 | 4448633 | - 5657771 869,150
East 1,152,039 | 255,619 | 169,460 | 368,241 529,396 | 260,575 81,631 | 2136981 | 2757781 526,108
wcs" 1400932 | 259,591 | 304058 | 319493 | 1392234 ) s;zeal| 30245 | 1675731 | se34ms 702,388
South 84,660 | 396,379 30| 231271 314,444 | 1,615,264 | 1,619,773 | 1,242,383 46,966 | - 598,742
Total 6,290,381 | 3,146,511 | 1,551,872 7,000,632 | 13,299,988 | 6,191,161 | 5,146,277 | 17,133,559 | 8293638 | 10,102,400
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Table 2.3.4 (1/2) RICE CULTTVATION AREA DAMAGED BY FL.OOD

Region/ Ycar
Province 1983/84 | 1984/85 [ 1985/86 | 1986/87 | 1987/88 | 1988/89 1989/90 | 1990/91 [ 1991/92 | 1992/93
(rai)
North-Eastern
Nakhon Phanom 94| 19764] 3gse| . 18650 | - - lagasy | AT
Sakon Nakhon 3,059 33,624 - 9,987 46,504 - 13,826 | 158,436 87,205 N
Nong Khai 49,794 - 3,707 3,020 2,615 3,896 4,438 24312 72,368 17,068
3 Udon Thani 12,880 19,388 1,968 12,797 55,049 15,046 27,640 | 144,860 15,909 53,033
Nong Bua Lam Phu* _
Loei . B} . . 3,596 710 1,756 173 4,332 .
Mukdahan - - - - - - - 3,612 19,490 -
Yasothon 50,257 . 6,643 . . - 23,436 80,087 |. 131,276 33,473
Uben Ratchathani 36,690 52,?)81 7,120 . 40,534 636 7,841 62,141 | 155,120 31,241
Amnat Charoen*
Kalasin 21,406 1,029 - 16,513 12,599 - 1200 | 108,044 | 125320 5,373
Khon Kaen 1,965 . . 646 [ 25450 49538 979 | 85610 | 185610 -
Maha Sarakham 40,268 - 766 - . - 1,953 26,1381 231,435 -
Roi it ' 177,262 - 31,560 - 8,436 - 38,8441 156,507 1 323,070 63,937
Buri Ram 126,337 - - ' 45,969 2,414 - - 16,708 | 179,047 20,197
81 Sa Ket 107,001 38,004 565 - 33,108 - - 22,075 99,939 62,731
Surin 68,994 | 21,532 - 2608 - . 3,951 1,940 | 118,435 32,716
Chaiyaphum . - 5,875 40,380 - 43,657 | 28,015 . 135730 | 219,331 -
Nakhon Ratchasima| 302,514 143 - 1,577 | 181,498 6,292 - 184,667 | 166,597 -
3 Northern
- Nakhon Sawan 238,979 o 41,987 ) 29033 | 935158 ) 93221 143165 112,612
Phetchabun 1,358 43,116 19,846 . 135,741 - ' 1,805 14,146 | 413,071 23,470
Uthat Thanj 129,376 - - 314 71,278 | 109,959 16,250 - 32,150
Kamphaeng Phet 106,293 - 1,774 14,686 2,707 | t36,494 4,653 - 158,911 92,873
Tak 43811 181 205 - - 19,683 - - 4,733 9,431
Phichit : 1,018 2,524 1,847 - 26,936 - 51,376 . 570,384 -
Phitsanulok 4,740 1,432 23,119 . 31,002 7,925 48,199 12,603 | 253,187 135902
[Nan - . 2,715 2,777 283 - - 40 121 - -
Phrae . - - - - - - - . 10
Lampang - - - - 762 . ) . ) 188
Sukhothai 17319 454 12,7141 32,195 41657 47707 47,048 14,565 10,193 75,496
Uttaradit - . - . 3,671 - 25,581 19,498 9,132 29,260
Chiang Mai 29,637 - - 5,864 67,226 4,639 16,839 6,196 20,306 6,524
Chiang Rai . 74,207 44313 2,133 65,879 20,397 23,248 56,430 59,030 369
Mae Hong Son 119 859 2,804 1,027 4,229 - 519 - 3,383 -
Lamphun 334 - - 192 8,226 - - . 293 5,916
. Phayao 924 4,041 - - 29,992 1,818 - 28,729 - 32,636
Central Plain
Lop Buri yyess B wag| . leo760| 8063 523 16240| seame{
Saraburi 31,406 - © 4,750 30,561 11,197 747 - 187,740 - 7.811
Chai Nat 30,240 - -] .- 29,042 84,864 12,023 13,100 - 21,124
Nakhon Nayok 105,629 . 1,398 14,056 - 31,527 806 | 440805 10,209 -
Nakhon Pathom 41,796 - - 3,119 - 7,806 - - - 5,133
Nonthaburi 8674 - . . - . . 194 . ,
Pathum Thani 164,135 - - 1,331 715 13.313 . 247297 - -
Avutthaya 222522 ) . . S48 13015 i 468,634 . 1,965
Sing Buri 9,556 . . . $5.842 1 15396 . Ca962s | - 2,284
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Table 2.3.4 (2/2) RICE CULTIVATION AREA DAMAGED BY FLOOD

Repion/ Year
Province 1983/84 | 1984/85 | 1985/86 | 1986/87 | 1987/88 | 1988/89{ 1989/90 | 1990/91 | 1991/92 1992/93

Suphan Buri 402,448 - 37,784 25,167 1 329,546 330,197 - 61,324
Ang Thong 110,138 - - 10,224 78,138 2,457 | 191,160 6,363
Bangkok Metropoliy 191,996 - 554 - - 3,442 - 161,695 105
Kanchanaburi 36,474 - 7,434 13,978 - 49,387 - 24910 2,591 14,340
Prachirap Khiri Khan 569 - - 384 - N - 2,802 760
Phetchaburi 3,843 - 9,896 - - - 16,578 - 4,057 22,127
Ratchaburi 234 - 1,886 6,204 . 12,106 3,144 1,267 204 -
Chachoengsao 358,242 . 46,614 - 54,210 - 431,651 | 27,455 -
Prachin Buri 406,021 - - 233,999 - 67,011 569,751 62,205 .
Sa Kaeo* :
Samut Sakhon 11,290 - 431 - 357 -
Samut Prakan 59,844 - - - - - 114
Samut Songkhram - - 977 - - - - - 25
Chon Bun 107,384 - - - 17,136 - 25,905 9,342 47,905
Rayong 28,643 - - 135 12,668 - 795 - 3,808
Chanthaburi 3,546 - - 719 - 100 - 3,150 3,550 .
Trat . - - 305 - - - - - -
Southern Region
Chumphon - 1,072 . 4,106 1,200} 25309 - 16,100 552
Nakhon Si )

Thammarat 12,776 | 274,964 . 6,603 | 119,540 | 681,658 - 347,348
Phatthalung - | 24940 - 22,191 - 85,688 . 4,507 .
Songkhla 14,771 . 50,455 29,040 | 261,732 - - 3,650 89743
Surat Thani 9,828 - 16,246 13,273 | 117,409 - - - 23,204
Krabi - 577 813 - - - .
Trang 13,814 21,539 757 27,456 - - 2,309 .
Phangnga 218 - ) 1,131 190 - - - .
Phuket 1,350 - 250 - -
Ranong - - 118 31 - -
Satun ; . 2,970 4,850 ; 5,079 440
Narathiwat - 16,243 - 26,919 24,343 15,595 . - 3,495 1,846
Pattani 53,763 - - 36,888 54,941 52,066 - - 2,712 19,285
Yala . 5,008 - 3,998 21,619 18275 215 4,200 1,605

* no information taken for newly established pro vinces
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Table 2.3.6 SUMMARY OF RELIEF FOR FLOOD DAMAGED BY HURRICANE OLIS

IN1995
Province Damaged Area Damage Cast No.of farmer | No. of fish No. of shrimp

Amphur Rai Baht Person ry Fry
Machongsong L) 14.89 40,600 21 11,000 -
Kampaengpeth 4 244.9 380,100 234 202,000 -
Lumphun 4 502,25 343,000 276 494,000 -
Payao 3 1,299.01 17,352,396 709 2,054,000 -
Chiengrai 2 300.03 1,898,200 378 2,906,000 -
Nan 8 340.05 3,734,850 585 625,000 -
MNakormnsawan 8 5,579.88 121,362,150 3,182 5,017,000 -
Pelchaboon 5 2,086.05 3,509,000 1,759 2,331,000 -
Uthaithance 7 1,028.22 12,495,900 1,151 1,358,000 -
Lamgpang 5 131.21 694,050 190 206,000 -
{Phitsanuloke 8 2,972.80 26,621,970 2,151 4,822,000 -
Tak 5 353.66 752,700 270 397,000 -
Lacy 12 1,741.55 10,651,120, 1,546 2,002,000 -
Utaradit 9 2,272.18 9,160,350 1,491 2,233,000 -
Pras 7 609.49 4,758,200 - 695 854,000 -
Pichit 6 11,438.81 42,359,450 7,976 9,788,000 -
Chiengmai 7 700.38 3,576,500 717 909,000 -
Sukhothai 6 3,215.18 5,682,189 1,265 2,217,000 -
Udornthani f 42 198,100 18 42,060 -
Patumtance 7 6,897.67 29,404,981 2,065 4,244 000 -
Lopburi 9 4,634.61 36,933,921 2,068 3,879,000 -
Nontaburi [ 4,369.84 46,587,350 1,445 3,131,000 -
Chainat 6 751.46 11,738,210{ . 616 746,000| - -
Sinburi & 1,084.16 19,465,650 746 1,055,000 -
Angthong 7 £,924.52 14,029,175 259 1,687,000 -
Ayuthaya 16 16,596.64 114,530,925 48,8571 10,671,000 3,750,000
Sarabur 9 4,091.88 28,779,400 1,871 3,538,000 -
Nakomnayok 4 13,476 113,604,924 2,707 8,231,000 -
Supanburi 7 47,263.79 133,249,080 4,847 12,326,000 26,963,000
Mukdahan 3 5721 1,189,700 453 627,000 -
Nongbualumpu 2 541.68 1,549,100 258 976,000 -
Ubonrachatani 4 151.48 498,400 65 142,000 -
Anmatcharoen 1 16.68 32,800, 12 14,000 -
Sakolnakemn 4 453.5 1,224,000 310 454,000 -
Kalasin 3 1,050.92 1,090,750 610 1,098,000 -
Konkacng 16 4,544.03 . 24,015,740 3,760 5,021,660 -
Chaiyapum 15 6,979.63 30,442,505 © 5,754 7,293,000 -
Nakompanom 7 6,630.25 . 18,126,090 3975 6,042,000 -
Nakornrachsrima 12 4,562.78 14,604,990 3,115 3,993,000 -
Burimm 11 6,130.67 2,471,336 1,250 1,612,000 -
{Mahasarakam 5 2,359.75) - 12,817,950§ - 1,361 2,186,000 -
Roi Ad 6 3,355.83 3,133,520 850 2,320,000 -
Srisaket 8 1,237.58 5,902,200 4%0 359,000| -
Surin 10 545.05 2,380,490 . 615 701,000 -
Nongkay H 7.390.24 C 6,794,000 2,591 5,372,000 -
Chanburi H 776,000 0 - -
Chasoengsao 10 15,892.00 165,865,697 1,594 5,249,000 -
Chonburi 6 4,263.48 20,431,350 39 2,834,000 -
Trad 3 533.29 1,73t,070 150 572,000 -
Prachinburi 5 9,764,95 34,541,045 1,652 4,110,000 Co
Rayong 6 1,696.74 12,138,250 662 696,000 -
Sakacw 6 1,096.74 12,138,250 . 662 696,000 -
Samulprakam 5 106,481 222,455,160 . 3.R68 723,000 -
Sarmutsongkarm 1 669 2,972,000 0 -
Sarnutsakomn 2 323.04 1,730,125 47 165,000 -
Kanchanaburi 7 458.45 1,927,090 7 420,000 - EE
Nakompathom 7 28,027.21 220,150,300} 2,784 7,745,000 19,303,000}
Pachupkirckan 5 224 14,909,800 . 330 . 156,000] -
Petchburi 5 4,134.20 46,047,100 440 632,000 -
Ranong 3 77.88 601,550 169 63,000 -
Satul 2 41.09 1,584,872 86 23,000 -
Kabi 5 4245 869,400 Y | 122,000) -
Yala 1 13.12 203,180 o 25,000 -
Ratchbur ) 6 1,819.50 17,973,650 186 405,000 2,274,000
Nakornsritammarach 20 7,350.67 148,457,485 5,536 3,885,000 -
Trang 7 983.23 8,229,800 1,801 1,605,000 -
Chumpomn 8 1,786.03 41,835,000 2,601 1,311,000 .
Pang-nga 3 373.02 - L05,0000 .15 47,000 -
Songkhla 12 [,764.72 33,758,826 1,853 1,308,000 -
Surattance 15 3,823.91 54,695,793 2,138 1,725,000 1,165,000
Paftatung : 3 1,657.13 6,022,189 2190 1,451,000 -
Total 464 377,160.55 2,007,299,644 103,952 172,553,000 53,489,000
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Table 3.1.1 QUANTITY OF PRIVATE AND AGRICULTURAL SECTORS

REGION HOUSES (No) [COMMERCIAL (No| INDUSTRAL (No} [ AGRICULTURAL(ha)
PHICHIT 96,277 2,248 723 331,892
KAMPAENG PHET 181 0 0 69
UTTARADIT 67,752 5,361 876 102,621
PHETCHABUN 31 3,853 1,763 1,349
SUKHOTHAI 108,281 6,324 1,209 223,857
PHITSANULOK 125,591 9,212 1,761 252,767
UTHAI THANI 11,295 3,208 418 27,128
NAKHON SAWAN 132,981 4,560 1,271 312,448
LOPBURI © 76,007 3,820 511 92,744
SARABURI 69,535 13,149 843 109,510
CHAINAT 72,799 6,278 314 143,969
AYUTHYA 164,877 3,948 844 241,476
SINGBURI 49,274 4,375 306 76,562
ANG THONG 61,702 3,992 256 100,002
SUPHANBURI 157,444 12,89} 998 314,350
NAKHON NAYOK 11,476 0 0 24,315
NONTHABURI 164,572 8,040 1,244 50,078
PATHUM THANI 181,041 5702 1,531 68,873
SAMUT PRAKARN 247,389 17,608 4,028 19,049
SAMUT SAKHON 94,167 15,083 2,232 45,391
RATCHABURI 25,361 0 0 . 6,664
SAMUT SONGKHAM 21,553 0 0 2,447
CHACHOENGSAQ 63,049 0 0 86,230
NAKHON PATHOM 167,657 2,861 1,746 125,186
BANGKOK 1,579,585 76,583 1,241 54,219
UPPER.C 398,113 26,998 6,332 912,554
NAKHONS.A 144,276 7,858 1,689 339,576
UPDELTA | 663,114 48,453 4,072 1,102,928
LOWERDELTA 2,544,374 115,877 12,022 458,141
WHOLE AREA (D 3,749,877 199,186 24,115 2,813,197
(D —BANGKOK 2,170,292| 122,603 22,874 2,355,056
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Tabie 3.1.2 WHOLE ASSETS VALUE IN THE STUDY AREA

(mil baht)
REGION HOUSES COMMERCIAL | INDUSTRIAL |AGRICULTURAL TOTAL
PHICHIT 30,135 23,897 43,301 4,491 101,824
KAMPAENG PHET 57 0 0 1 57
UTTARADIT 21,206 56,986 52,439 1,580 132,211
PHETCHABUN ' 10 40,961 105,615 12 146,598
SUKBOTHALI 33,892 67,219 72,418} 2,791 176,320
PHITSANULOK 39,310 97,919 105,506 3,720 246,455
UTHAI THANI 3,535 35,057 ) 25,035 752 64,379
NAKHON SAWAN 41,623 48,474 ] 76,171 ' 3,478 169,746
LOPBURI 23,790 40,601 30,620 1,514 96,525
SARABURI 21,764 139,765 50,4981 2,184 214,212
CHAINAT 22,786 66,728 18,804 3,033 111,350
AYUTHYA 51,607 41,962 36,970 3,257 133,795
SINGBURI - 15,423 46,506 . 18,366 1,187 81,481
ANG THONG 19,313 42,438 . 15,360 ' 1,353 78,463
SUPHANBURI 49,280 137,028 59,746 5,006 251,060
NAKHON NAYOK 3,592 . 0 . .0 551 4,143
NONTHABURI 178,561 102,551 99,272 _ 1,435 381,818
PATHUM THANI 196,429 72,127 122,203 1,202 392,562
SAMUT PRAKARN 268,417 - 224589 321,513 454 - 814,973
SAMUT SAKHON 102,171 68,397 _ 164,800 . 2,310 337,679
RATCHABURI 7,938 0 0 339 8,277
SAMUT SONGKHAM - 6,746 _ 0 0 125 6,871
CHACHOENGSAQ . 19,734 B0 0 1,564 21,298
NAKHON PATHOM 52,477 30,411 104,550 2,738 190,176
BANGKOK ) 1,713,850 976,777 99,017 1,346 2,790,990
UPPER.C 124,609 286,982 379,280 12,594 803,463
NAKHONS.A 45,158 83,531 101,206 4,230 . 234,125
UPDELTA 207,555 515,028 230,363 18,084 971,030
LOWERDELTA 2,546,323 1,475452 911,356 11,514 4,§44,644
WHOLE AREA (D 2,923,646 2,360,933 1,622,204 46,422 6,953,264
|©—BANGKOK 832,475 1,384,216 1,523,187 45,076 4,162,274
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Table 3.2.1 VALUE OF ASSETS

(Household) thousand Raht
Whole Kingdom 228 85
Bangkok Metro 674 211
Source: NSO (1994)

(Commerce) thousand Baht
Whole Kingdom/ Small 1,218 569
Whole Kingdom/ Large 7.829 5,999
Bangkok Metro/ Small 1,540 687
Bangkok Metro/ Large 1,540 8,127

Source: NSO (1994); Iflation rate (1993-1998) of 1.361 has been applied

(Industry) thousand Baht
Whole Kingdom/ Small 4,088 5,495
Whole Kingdom/ Large 24,550 75,288
Bangkok Metrof Small 7.394 9516
Bangkok Metrof Large 27,158 91,888

Source: NSO (1992); Inflation rate (1991-1998) of 1.463 has been applied

{Other Establishmenis)

Whole Kingdom

105,403

thousand Baht

141,689

.{Bangkok Metro

89,649

120,512

NOTE 1: All values are in 1998 Price Level

NOTE 2: 'Whole kingdom' does not include ‘Bangkok Meétro'.

NOTE 3: 'Bangkok Metro' is the area of Bangkok, Nonthaburi, Pathumthani, Samutprakan and Samutsakon.

NOTE. 4: Definition of 'Small' and 'Large' group follows that in NSO's repoﬁs concerned.

NOTE 5: Asset values of other establishments are averages in the interview result.

NOTE 6: Conversion Rate to ccdnémic value is set at 0.96
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Table 4.2.2 RESULT OF CALCULATION IN THE 45 FLO

Table 4.2.1 CONVERSION RATES OF ASSET VALUE

Assets

from 1998 to 2005

from 1998 t0 2018

Bangkok | Other Areas| Bangkok | Other Areas
General 1.54 112 375 1.81
Agriculiure 1.19 1.19 1.64 1.64

ODS
(mil. Baht)
“Year | Bangkok | Others Total | VYear Bangkok | Others Total
1952 0 18,049 18,045Y - 1975 0 31,141 31,141
1953 0 14,115 14,115f 1976 0 22,635 22,635
1954 0 26,280 26,280 1977 Q 13,550f . 13,550
1955 0 15,979 15,979 1978 51,000 31,445 82,445
1956 - 0 26,158 26,158 1979 0 8,422 8,422
1957 0 25,022 29,022) 1980 0 33,483 33,483
1958 0| - 13,513 13,513fF 1981 0 14,296 14,296
1959 0j - 28,049 28,049 1982 0 9,992 8,992
1960 - 0 14,560 14,5608 1983 20,000 39,529 59,529
1961 0f -~ 21,586 21,586] - 1984 0 11,385 11,385
1962 o 30,581 30,581 1935 0| 17,405 17,405
1963 0 22,202 22202 1986 0 9,132 9,132
1964 0] -30326] - 30326] 1987 -0 18,131 18,131
1965 0 11,234 11,234 1988 0 16,396 - 16,396
1966 0 17,340 17,340{ . 1989 0 10,680 10,680
1967 0 17,425 17,425 . 1990 0| 13,610{ . 13,610
1968 0 7357 7,357 1991 0 9,309 9,309
1969 0 19,368] . 19,368 1992 0 13,298 13,298
1970 -0l . 28,185 28,185 1993 0 7,948 - 7,948
1971 0 17,396 17,396)f 1994 - 0 19,301 16,301
1972 0 13,431 13,431 1995 68,000 53,5351 121,535
1973 Q 22,500 22,5001 1996 4,000 33,854, - 37,854
1974 0 18,614 18,614|AVERAGE 3,178 20,039] 23,217
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Table 3.2.1 (1/2) FLOOD BAMAGE AMOUNT WITH AND WITHOUT MODIFICATION OF DAM OPERATION

Pamapge Anount

(1) Withaut Modification of Dam Qperaiion {mil baht) {2) Wlth Modiflcation of Bhumlibnk Dam Operation {mil.baht}
YEAR P .1 . Gthers E}';:‘l‘ VEAR BAMA, : Others ?:::T
(Greneral | ammeumre {Tote]  [General Taprivature (Totsl General  Lapicdiue |Tolal General  [Agwultue {Tolal
1964 ' 90 o 20752]  4030| 248828 243832 1912 9 [} 01 1534 1,300; 0033 %031
1965 0 0 o 6909 1,375] B.284] 8,384 1978 21339 23 22371 2nT64] 4531 2R295| 49,667
1966 i 0 o] 9721 1938 11,657 11,657 1979 -0 0 6j 4171 g10| 5000 5001
1967 0 0 ol 9950 1,930 11,930| 11,930 1983 408) 4l szl 190600 37941 22.854) 26567,
1968 0 ) Dl 3879 772 4652|4652 984 o o 0 8,141 1,222t 7,364 1364
1969 [ 0 o] 10272 2048 12317F 11317 1933 0 0 o] 3355]  1,743] 10408] toun
1970 0 [ o 18530  3gR8| 22219 23319 1987 0 0 of 1w013] 1593 12007 1200
1971 i ] o] o939 1909] 11,502 11,302 1992 0 0 ol Gto1] 232 42| 148
i 0 0 ol 763 1519] 9,150f 9.150 1995 43,016, a3 43089 277090 S35 33228 76,281
1973 0 0 0l 12,053 23950 14.428] 14,928 . 1996 0 13 of 15124 31300 15354 13384
1974 [} [ ol 9961 1983 11.944) 11944 Total of 10 floods 59474 70] 69,543 128.063|  25.490] 153,553 223,097
1975 1] [} o 23329 1643] 27.972f 21512 Awerage of 10 floods 6.947 7 6954 12,806 28490 15355 N30
1976 ] 0 0] 12.068] 2,402 14,469] 14469 :
: Averape Damage Reduction in) :
1977 0 0 of 7620 1517 s3] 937 10 floods . 316 1 317 414 52 496§ - 1313
1978° 22,763 23] 22,7861 2o80] 85745 27,553 50340 Damage Reduction Rate 174) 1.2 1.2 12 0.3 0.3 0.3 1
1979% o 0 0l 4215 39| sos4) 5084 .
1980 0 0 o 21916 4,362] 26.278] 26278 |.\\'ﬂ=g=NmUa!Dam:gcRcdm|iu[ 25{ ol 25! 36} 7l -u| ﬂ
1981 0 0 ol 8016]  1.596| 96K 981t
1952 ) i 0 o| 6487 ravtl 7778|7778
1983* 4,108 4] 41121 19,061 1,799} 21.335] 26,967 (3) With Modificatlon of Pasak Dam Operation . ) {mil.bakity
1984* 0 ] ol elasl 1223] 7369 7369 YEAR BMA . Othens Grand
1985 B 0 P o sa5s| vz tedss| o8 Geneial |agricatas [Total  1Genersl _|agicurwe Total Toul
1986 0 0 0] 3,178 1,150} 6928] 6928 - lem2 0 [ ol 7623 L517] 91408 9.140
1987* D 0 ol 10024] 1,993| t2,020] 12,020 1978 21,522 22| 21,543, 2003 4388 76394 47,937
1923 0 ¢ 0] 9449 1,851 11,330 11330 1979 [} 0 0] 4218 £39) 5,054 5084
1989 0 [ o} 33120 1087 6370|6370 : | 1983 4,108 4 2| 1sg13]  3745) 22,357 16670
1950 o 0 0| 7365 1565 9430 943 1934 o 1 0|  saxsl ran|  n3s6) 7356
1991 0 [ B} 3,155 1.026{ 6,i81f  6.§8) 1983 : 0 0 ol ge6sl  1728] 10390 10390
1992¢ ] i of 6191  1,232] 2424 7433 1987 [ ) ol o706] 1932 11.638] 1.638
1993 i 0 ol _as24 900] S4n|  54M 1992 i 0 ol sesal- - Lssp  7137] 2137
1994 0 ¢ ol 13,363}  2.660} 16.023| 16.023| . 1995 40,702 1] sednl 2emiel sasel monsf 71,560
1955° a3.418 43)a3462] 77749 s 33277 76.734 1996 [ o] - 0} 14737 - 2933] 176700 17670
1996* 1] 0 ol 15,125 3130] 18.854] 15854 : Total £5.832] 65]  6s.408l 123.978] 24677 143.655] 214,553
Total of 33 Noods 70,290 70! 70,360| 370.939]  73,836]444,795] 515,155 : Average 6,531 7l esse] 1200k 2458 14865 21453
Total of Representative 10 Floods| 70,200 10 70,360 128,477 23,572154,049] 224,409 ] I :
Averags Annus Damge® | 5 y3p 2 2l a2l 2239] ars| assn e Rowtioninl  yass Al agea]  samw|.  mesi  sam| ek
Average of 10 Floods 7.029 7] 7.036] 12.848] 2.357] 15405 22.H1 Damage Reduction Rate (%a) 6.3 63 6.3 33 3.5 33 id
*: Represenalive 10 Floods - ) X
v+ Average of 33 Floods [(Average Avoal Domage Reducti]_~ 133 - of  issl 34| 73] sl el
Note: Flood damage smounts arc under the fulizs basin condition iz 2003, ’
m\\'llh" difteation of Sirikét Dam Operation . - (mil.baht)
YEAR BMA : . Others Grand
_ General |agiunre |Toal | |General _lagrioutse |Total Torsl
1972 0 o o] zsul ws| _wisef sis0
1978 22,188 - 22| 23207 22970] 453 27.302] 49,309
1579 - o) 0 of 4,215 §39) 35,084 3,053
1983 3,008 - 4 anz| 190ss| - 393 22381 26963
1984 ) [ o 63670 227 nama] 1394
1985 o o Col  myss| o umas| 10498 0e
1987 o [ ol oo 199s| 12017 12,017
1992 : 9 of - . o] -eissl a2l 7378 73m
199% 36,564 37| -3es01] 25401  s0s6] 30,457 61058
1996 ] 0 ol o ol aszml a3 - 1s8s3] 1sass
Tolal 62.858) 63| s29m1l 1zsmes| 25088 150.954] 213,875 !
Average szl - sl s39a| 1iseol o 2906l 15005 21387

Average Dasage Redwetion in : : .- .
10 floods - : 7432 .1 7440 2.581 Su 3,095| 10,535

Danuukeauctio_uhn:(-.'.] w6 106l w6t 2ol 20 20f 47

[Fwersge Aruat Dvnage Redusi] 28] o w5 azsl sl ]
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Table 5.3.1 FLOOD DAMAGE AMOUNT WITH AND WITHOUT RIVER IMPROVEMENT

(i) 1957 Flood {3-vear Flood}

(1} Damage Amount (mil baht)
- River Toetalof | Total of
Casc Arca-] Arca-2 | Area-3 Arca-} | Arca-3 | Area-6 | Area-7 | Arca-8 Bank | Protected | Unprotected Total
woPp 5581 1,389 19 70 141} 256 133 1,436 17 0 4,019 +.019
Case3-1 ¢ 1,389 19 73 140 271 135 1,494 19 319 3,542 3.860
Cased-2 | ) 19 80 150 234 142 1,520 19 1,438 2,214 3,672
Csac3-3 150 284 ) 142 1,520 19 1477 2,195 3672
Csaes-4 5 19 1.330 2,233 3,754
Case3 17 3.023 17 3.040
(b) Differcnce between WOP and Each Case (mil.baht)
] River | Totalof | Total of Grand
Arca-1 Arca-2 Arca-3 Arca-4 Arca-5 Arca-6 Arca-7 Aren-8 Bank | Protected | Unprotected| . Total
Case3-1 E -2 239 -81 158
Case3-2 -2 189 =142 347
| Csaes5-3 -2 489 -142 347
Csaes-} 207 506 -242 264
{Casel 4] 979 0 279
(2) 1996 Flood (5-year Flood)
(1) Dumage Amount * (mil baht) . %

\ < River Totalof | Total of
Case Area-1 Area-2 Area-3 Arca-d i Arca-3 Area-G ! Area-7 | Arca-3 Bank | Protected | Unprotected Total

WOP 768 428 3 56 70 351 163 391 40 ¢ 2,481 2.481
138 33 364 174 . 0677 47 50 1,959 2,008
142 83 379 174 679 47 373 1,344 1.919

Case3-1

Case5-2

Csae3-3 84 394 174 687 33 379 1,546 1,925
96 424 184 833 50 423 1,587 2.010
{b) Difference between WOP andEach Case ' " (mil.bahty

- River Totaiof | Total of
a- 5 3 - . - - .
Case AIC.'I ] Arca-2 A.rca Arca-4 Area-3 Area-6 | Arca-7 | Arca-8 Bank | Protected | Unprotecied Total

S

Case3-1 -33 -82 4 -13 -11 -86 -7 718 246 472
Case3-2 : -4 28 -1l -88 -7 821 159 562
Csacs-3 -5 -3 -11 96 -13 821 -263 556
Csac5-4 -17 -73 -20 -242 -10 833 -363 471

WOP - without praject

Nate: Flood damage is estimated under the future basin condition in 2003.
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Table 5.3.2 (1/2) ESTIMATION OF AVERAGE ANNUAL DAMAGE REDUCTION

{(1YDamage Reduction in Total Area

(1) Case 3 (3-vr Improvement)

Return | Flood Damage (mil, baht) Damage | Mean Damage [D\ pcclc-.J
Period Reduction | Reduction | Probability ijﬂji“'n
. il. b {mil. Baht) .
{yean) w/o Project  |w/ Project (il bqh?_ (Flll[- baht)
1.3 - - 0
_____ 490 0436 213
3 4,019 3,040 979 _
5 - - -
I Total {Average Amal Benefit) 213 ]
(2) Case 3-1 {Arcal)
Return | Flood Damage (mil. baht) Damage | Mean Daniage E)\:E;;lf
Period Reduction | Reduction | Probabifity | o 48"
. H {mil. Baht) .
(yaar) wlo Project b/ Project (mil. baht) (il bait)
1.3 - - 1]
9 0.436 35
3 4,019 3,860 158
315 0.133 42
5 2,431 2,008 472
[ Total (Average Annual Benefit) : 77]
{3) Casc 5-2 (Arealto2)
Retumn  |Flood Damage (mil. baht) Damage | Meon Damage E])\‘:J,;Zkf
Period Reduction | Reduction | Probability | oo
g H (mil. Baht} X
e o Project _[w/ Project (mil. baht) o (il bak)
1.3 0 0 0
173 0.436 76
3 4.019 3,672 M7
- 454 0.133 61
3 2,481 1,919 302
| Total {Averaze Annual Benefit) ; 136 |
{4) Case 5-3 {Arcalto3)
Retum  Fleod Damage (mil. baht) Damage | Mean Donuage _ Expccleii
Period Reduction | Reduction | Probability | pamre
. H {mil. Baht) A
{year) w/o Project  {w/ Project (mil. baht) : {mil. baht)
1.3 - - 0
174 0.436 76
3 4,019 3,672 347
451 0.133 60
) 2481 1,923 556
| Total (Average Annual Benefit) : 136 |
(3) Case 5-4 {Arealtod) :
Return  |Flood Damage (mil. baht) Damage | Mean Damage [gpcclcd
Period Reduction | Reduction | Probability | Lo 5
. R il. bah {mil. Baht) .
. ean | Project |w/ Project (Lr_"l_ H (mil. baht)
1.3 - - 0
132 0.436 58
3 4,019 3,754 264
367] 0133 9
5 2,481 2,010 471 :
[ Total (Average Annual Benefit) : 107 I

Note: Flood damage reduction is under the future basin condition in 2005.
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Table 5.3.2 (2/2) ESTIMATION OF AVERAGE ANNUAL DAMAGE REDUCTYION

{2) Damage Increase in Unprotected Area

(1) Case 3 (3-vr Improvement)

Return (Flood Damage (mil, baht) Damage | Mean Damage Ex;m:-t«:d
Period Reduction | Reduction | Probability RD'?lT:t?;n
. ; (inil. Baht) "
{ycor) wlo Project  jw/ Project {mil. baht) {mil. bahy
1.3 - - 0
. 0 0.436 0
3 17 17 0
5 - - -
[ Total (Average Annual Benefit) : ol
{2y Case 5-1 {Arecal)
Return  |Flood Damage {mil. baht) Damage | Mexn Damage Ff)xpccla‘.l
Period Reduction | Reduction | Probability R':ZTC;:?:“
, il {mil. Baht) .
{year) w/o Project  |w/ Project (mil. baht) 3 Camil. batu)
1.3 - - 0
-40 0.436 -18
3 3,461 3,542 -3l : :
-163 0,133 -22
3 1,713 1,959 -246
[ Total {Average Annual Benefit) - -39}
{3) Case 5-2 {Arealtol)
Retumn Flood Damage (mil. baht) Damage | Mean Dalhagc ) Expected
Period Reduction | Reducton | Probability | oares
(year) (mil. baht) | (mil. Baht) T ot
’ w/o Project  jw/ Project ) . (niil. baht)
1.3 - - Q
-T1 0.436 -31
3 2,072 2,214 -142 :
-200 0.133 -27
5 1,283 1,544 -259
| Total (Averpe Annual Bencfit) : -SSJ
(4} Case 5-3 (Arealto3)
Retum | Flood Damage (mil. baht) Damage | Mean § gl Expected
Period ' ' Reduction | Reduction | Probability | oo
J g (mil. Baht) ]
D o Project  |w/ Project (mil.-baht) (mil. baht)
1.3 - - 0 .
-7l 0436 -31
3 2,053 2,195 «142 :
-204 0.133 27
5 1,280 1,546 -263 o
' | Total (Average Annual Benefit) : 58 ]
{5) Casg 5-4 (Arcaltod) : i )
Return | Flood Damage (mil. baht) | pamage | nean b‘amage  Expected
Period ' - | Reduction | Reduction | Probability Rm?;n
. oo {mil, Baht) "
e | e Project |w/ Project (mil. baht) | o {unil. baht)
1.3 - - 0 : )
-121 0.436 -33
3 1,983 2,223 -242 )
) -302 0.133 -40
5 1,225 1.587 -363
. r Total {Average Annual Benefit)

Note; Flood damage reduction is unider the fture basin condition in 2003
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Table 5.3.3 BENEFIT OF RIVER IMPROVEMENT

Benefit {(mil. Baht/year)

Case Protected Areas Unprotected area Total
General {Aguriculture] Total General |Aguricuiture;  Total General Aguricultu?e Total
CaseS-1 97 19 116 -33 -6 -39 64 13 77
Case5-2 162 32 194 -48 -10 -58 113 23 136
Case5-3 162 32 194 -48 -10 -58 113 23 136
Case5-4 167 33 200 -78 -15 -93 89 18 107
Case3 178 35 213 0 0 0 178 35 213

Note: Benefits are under the future condition in 2005.
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