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T O H O FIEZ WK & Terra/Aqua # 2 FE5H - MODIS O#LHIN B HEE 3 25 F7ik (Kwak
et al, 2012) Th 5, HIZHERITAEER 3 AL - OFMERE R T 7 /L STRM3 @ 2.1 iltE vz, Zd
FIE TR SN KIEDA D HILEE B R O EM /2 BERN AIRE & 72 D,

B, SHIZINDOEEZED D HEE LT, ALOS i 2## = > ¥ PRISM O#LIZFES<
BIEEEET VIS L AMIEZERT (RS, 2013) THY., ZOfiEREHbOEDL 2 LK
0 BAKILEESRNTE T L ORGERCE B M E ORER LICET 5 L L b,

@ RARPEHEE DB
BOKBHEBOME TIE, FTEHE - FUEdRE L, A 2 )IIEAR) 2008 125 L7123
HER A N OVA AR BE 2 L 72 BRI AR 25D < IRKBFE IR OIERL - MEEIEE 2 D TV %, 12K
W i 2 T B E T 3 2 72 01T 2R 5B /3T 1L, LandScan %5 O @& ZE M 3 RRED A\ A 34 7 —
Z B RTTEEERERIC LD o A EE, RO REBIINZ IS < BHTE IS 2 1S
DETHFHFIICTKRD 5, SFEITE O & LT LREMET — 2 OIS - BEHAEVEEICTD A
2o mRAERITA 2 I TFHRIKTIRSBO N EERATHY | ZRIRmOENZEE L
BOKEEORF N EE TH 5, HEEFOSHRILHZEBEOME - #1E - FFEEFEOR T 2o
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(2) Drought Risk Evaluation Model [ e W &M l L
A drought risk evaluation framework was proposed ) ~.A -y

to characterize a socio-economic drought exposure

using sophisticated hydrologic model outputs and

>
1Nh

Daily River Discharge, cms
L
;

historical drought events. The proposed framework

was developed from extensive literature review of

drought characterization methods. Despite many

Time, days

existing drought indices and models, there is still no ) )

universally applicable method to describe all related Figurel2 The concept of applied threshold level method
processes and parameters causing the socio-economic drought. A socio-economic drought is defined as a
lack of weather-related water supply to meet anthropogenic water demand for domestic, industrial and
agricultural activities. In Asian developing countries, the water demand data is often unavailable and the
absence of the water demand information makes the socio-economic drought characterization an

impossible task.

@ The Applied Threshold Level Method(ATLM)
The ATLM defines socio-economic drought based on time-dependent water demand, which is estimated
from the domestic, agricultural and industrial water demand data. When this water demand information is
unavailable, the threshold level for the socio-economic drought can be established using hydrologic
drought parameters with historical drought
Once the threshold level is

determined, the cumulative water stress

records. SR ANF O B TR O RME

can be used to define the drought exposure.
The local water demand data collection is

an  essential component of the

socio-economic drought characterization.

19514 - o 20078
1A1R8 B# 12A318

INONUANRE

The local field survey is needed to obtain

the agricultural water demand, which (@) 2SR HL, T4 e

varies during the growing season and VEIFIO S F RO SR

depends on local farming practices.

@ BTOP model for reproduction

of river discharge S

/s

In the water supply side, a distributed
hydrologic model BTOP can be used to

produce simulated river discharge. The

l
[}I M\h le“ﬂ‘i '”’Lw }M | ilﬂn

five study river basins have been : “L\ \\ )
developed in the BTOP model. The BTOP

model for the Mekong River basin has i = A
been calibrated and the model calibration b YaJll, £ Rxv7

is ongoing for the other four river basin
BTOP models.

Figurel3 River basins implemented in the global BTOP model and

the simulated daily river discharge at outflow of the river basins.
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Hr L7z,

3) BLHERA
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. EREOERE LB < Twn
RNWZ LR ENEEITH D, i
ER D Q0D FEE H VT |
PRISM DSM D& IE, & 7218 K% 1.
T U= RAE I (K17),

X 16 PRISM DSM O 45— #

2 =RERE !
FRUAPF RO NS |
RREAER - BEET 27210, 2011 : E
FEWNFEOP KRG FRDIZONT 17 {£7F PRISM DSM
2012 4E 12 AICH VR YT COHM
MEZEME L7, FEMEIX 4 BT Takeo
JI, Kandal M|, Kampong Cham N @ 12 489 (]~ ™™
18 JRHL) 57 i ZGI L e 7V v V&7 o7,
LR YNI=RF 35 N /N3 ==Y i T [N IERL ¥ 7N
R R, FE - FIU g ERESE 2B ED |
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W DD, AENE R E T OEW 2 R
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OFHZ I LTe, Ak, Malais R4 o
U SRS FTRE R YK U 2 2 BRI S
HSZHE LTS, &bIC, ~oHIkOE 18 ZEIKBERERMERE ()
R ORMCTH 2 @mRNERE & B, FEBRER-CIRKFIKESEY & O ERfRe &%
BUHIFR AR R BN IS SFERIZR ATIC K DB L T 2 & & LT D,
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1) JEFEEBLSR D —RARMT B ONCEE AT ik 0D )2
E

B4 19 1% Y v )ik & £ ok E2 =3, = o ‘ ‘
O OILHE S 1T K % < 2 SOFEIKIC KT 5 19 ¥ v IS 81T 2 LRI O fRAT s 5
ENTE D, KA FALT THHOROFNTHY | Fk B 1ML PFICBT 501 TH 5,
fEik A K OB OBEFAIT ISR L QR Z R L, Z O TiX 30km T 50m F2EDOIEE 2R H D,
—J7 B A OILEICIEIs 3 K2 100km T 30m O ZE, Ik B OILHEHK Tiddsds L2 130km
T3SmDEEFE £ L 78D, T 2T TIE2007 D KHFEEKIZE H L MODIS 7 — % % H]v /- MLSWI,
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(BBWS) Bengawan Solo (¥ &= )JINRJIIEEH ) AT LB A i Lic, £nickd &,
RRI(Sayama et al., 201 1) DFEHTHE F & MODIS % HV 72 MLSWI,  ALOS Palsar O 32 —E L
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Y JIITIEA 2 I &R CIOE LS 23, BN & i 2 [FRFICAEHT C & 5 RRI 2350 Cdb
% & L,

[ 20 12X 19 DR C OYERKTH D, = 2 TIEMLSWI,  ALOS Palsar, RRI Offbrfs
BAEARLTWD, ZOMNS ZEMEERBEOR R L 2> TNAHZ L EZRLTWAS, i)y, X 21
i< BBWS Bengawan Solo DR TH D, B o7 ROUKEOFBHENLERZ R, ZnE/iD
L AaUNOLEEIFIEE L TWLR, AFEIFIEEL TWRWZ EE2RLTNDS,

|:| : ALOS Palsar

2 ] visw
. ke

L

- » SR 21 BBWS Bengawan Solo ? 74 5

% 20 MLSWI, ALOS Palsar, RRI D475 5 (I 19 OFEIE C 1THI 3 5 4ipH)
2) HLHEHAL

BIHFAA I3 19 2883 1 )IlE W 22 INZO T DA L TV DM, 2 2 CIERHEI 722 & AT O F4
NaET 5, K21 ORTROT A FIARBHGHEL— F T, FALTORTHURIZE T e 7Y 7,
ZHUC X DWACER D FIHUTITBKILEE RGN &5 2 L PR TE 2, o, BlEZ Ok
IZERBHIZIAE TV DS, A58 L2 DA 2007 Sk TH D Z EDNHERTE, b b,
Z ORI 21 2T K 9 ZRIRERI (TR B AR NIRAK L TEREIFRAKL TV W) T
L7722 & NERETE T,

(2) House Hold Survey

The objective of the household survey was to approach and set a strategy to gather the necessary
information in order to be able to assess flood related damages in Solo river basin.

Hence, 22 households in 9 villages in 7 Kecamatan, 3 Kabupaten and 2 Provinces were interviewed for
the biggest flood events they experienced in the flood event of December 2007-January 2008.

The main information on house damages was that:

In average this December 2007 flood lasted 8 days with water depth of 1m#0.5m near and inside the
house.

People are very reluctant to talk about money and they find difficult to value what they have, especially
the houses structures. People were relatively poor (in average living with 36,000Rp/day for 5 persons in the
household, under 1$/day/person) .

In general, as water rises slowly, households have time to put valuables in higher places and limit
damages. Moreover, it was very difficult to get people imagine what would be the damages if as they told
us about the greatest flood they have experienced.

Bamboo, wood houses as well as concrete houses present the same type of roof, therefore while using
remote sensed images, it won’t be possible to conduct speculation on house value by only looking at roofs.
Considering roof area might be an alternative.

The main information on agricultural damages as most of the households live from rice production

was that:
2 to 3 cycles of 3-4months per year (seeding in April and September and harvest in July and December).
(some farmers also rotate with one cycle of vegetable crops).

12
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Rice production is conducted from seed, and is irrigated, highly fertilized (around 500-600kg/ha N, P, K,
M) and treated with pesticides (1 to 2L/ha).

The average yield is 7-7.5ton/ha per harvest and the height of the plant at maturity is 90-100cm.

The vulnerable stage is once there is a panicle. Indeed, if the field get flooded, it cannot be harvested
anymore as the plant will fall and even though the plant is still good, mice and other pest will come and

destroy the harvest. Problem is not water depth or getting submerged but the loss of rigidity/turgescence.

f. B

A RRTT s uJiRICBIT X T A —1 > 7 EERTREENO H 2 b3 gk < Hilh X
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EHIT, BROAY—RIZOWTHEIETHIZIT O FIEEZRF L TS BERH S,

—J7, AKEEIZEET D HAKILE AT — K& & O < THIT D 720 O TR E Rl O
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R ORBEKEIZXHT HMELZF O L5 2T, [REFEITIC L D AGCM3.2S(=F 20 km fi# {5
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1.5.1.5 Flood Risk Assessment Model
(1) Outline

The hazard assessment has been done by using hydrological and hydraulic model and flood-prone areas
are identified. By considering major exposure in the flood-prone areas and damage function based on flood
characteristics, we can estimate flood damages for risk assessment. The agricultural damage estimation for
flood risk assessment in the Pampanga river basin of the Philippines has been presented as a case study. For
flood damage estimation, the Rainfall Runoff Inundation (RRI) model developed by Sayama et al. (2012)
was used to calculate the flood depth and duration. The flood depth and duration were calculated at 500 m x
500 m grid size using Shuttle Radar Topography Mission (SRTM) data.
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(2) Agricultural damage function

Rice crops are major agricultural production in the Pampanga river basin. Thus, agricultural damages are
represented by rice crops. The rice crops damage function given by BAS (2013) as shows in Fig.1.5-12
were used to estimate a preliminary results of rice crop damages in the Pampanga river basin.
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Figure 1.5-12: Rice crop damage functions for different stages of crops (BAS, 2013).

(3) Results and discussion
In Pampanga river basin, there was a severe rice crops damages during typhoon “Pedring” in 2011.
Provisionally, it was considered to estimate rice crop damages in 2011 flood event. Fig.1.5-13 shows the

estimated damage function using maximum, minimum and average values of damages function (Okazumi
etal., 2014).
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Figure 1.5-13: Estimated rice crops damages using (a) maximum values, (b) minimum values and (c)
average values of damage function.

Table 1.5-3 compares the estimated rice crops damages in the Pampanga Province and the Calumpit
Municipality. In Calumpit Municipality case, the calculated value of rice crop damages is approximately

same as - statistical - damage  value. Table 1.5-3: Comparison of calculated and statistical damages

Rice crops damages (million Peso)

However, in case of Pampanga

Province, the statistical value of rice o Statistical | Using Using Using
. . Descriptions maximum | minimu | average
damages also includes rice crop
values m values | values
damages due to strong wind in the |Pampanga Province 1376 777 443 609

(Affected area 15,900ha)

Calumpit Municipality | 37 54 30 42
(Affected area 1,250ha)

areas. So there is significant difference

between calculated and statistical

values of rice crop damages in the
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Pampanga Province. Further discussion must be necessary for calibration of flood risk assessment model

under limited information.

1.5.1.6 Drought Risk Assessment
(1) Distributed hydrological BTOP model as water supply side for drought assessment
In our drought risk assessment methodology, water - —
supply side was obtained with distributed hydrological ?f\ E;' D/ ; ‘9?2#]0” it
BTOP model in the study river basins. The BTOP model S"PLege"d B

B e Gouging stamns

?QBTOP sub—basins @"

Valua |

was constructed on the 15 arc-second spatial resolution
(approximately 450 m) using simple upscaling algorithm
that preserves original 90 m resolution of HydroSHEDS
river length, elevation and riverbed slope with (Masutani
and Magome, 2008, 2013). In the Pampanga river basin, the
BTOP model was subdivided into nine blocks based on
locations of river gauging stations, (see Fig.1.5-14). The
daily river discharge was simulated with BTOP for 57 years
(1951-2007) with the ground-based precipitation dataset
APHRODITE Monsoon Asia version V1003R1 (Yatagai et
al. 2012). For the Pampanga river basin, seven observation

stations were used to calibrate natural river discharge and

g 510 20 30 40 \_t
L dE -salanaa . NS Vi FWL

Figure 1.5-14: BTOP model with 0.5

the dam inflows, after construction of the Angat Dam in
1969 and the Pantabangan Dam in 1979. The simulated
BTOP daily discharge was in good agreement with observed river discharges during dry seasons.
(2) Estimation of Irrigation Water Demand with a Simplified FAO module

In the water demand side, we focused on irrigation water demand, because major freshwater users in the
Pampanga river basin are due to agricultural activities. In particular, we decided to generate the long-term
time-series of irrigation water demand in paddy fields of the National Irrigation Administration's Upper
Pampanga River Integrated Irrigation Systems (UPRIIS). We considered three criteria in selecting methods
for irrigation water demand, including: (i) data availability (methods should be sufficiently met by locally
available data); (ii) generalization (methods should be applied to other river basins in the different
countries); (iii) reliability (methods should be those proved to show reliable estimates). Based on above

criteria, we finally decided to adjust
arm , an

methods in FAQ’s irrigation manual 1) Cropping calendar " i g
agricultural statistics "
module #4 (Savva and Frenken, 2002) 4 m o
o 2) Cropping water Vin :
to local data availability. requirement (CWR) = humidity, pan evaporation, E
Our irrigation water demand } ———crop coefficients _— <
procedure is illustrated in Figure 3) I”_'gat'on desszion NN in ion =
) ] requirement (IDR) officien c
1.5-15. First, the cropping calendar ¥ — STy —
. : e —
was established for a basis for the Irrigation Water Demand <= Irrigated area
time-series of irrigation water demand B

over an average year. Based on data of  Figure 1.5-15: Irrigation Water Demand for Rice
the Bureau of Agricultural Statistics

(BAS), two cropping seasons for rice (regular dry season from Dec. to April and regular wet season from
June to Oct.) were respectively divided into periods for five growth stages of rice. Second, the crop water
requirement (CWR), i.e., the water amount for the maximum yield of the crop, was estimated. Here the
value of Kc was estimated over the developed cropping calendar by using data in FAO (1998). Local data
about meteorological observations were insufficient to use FAO’s Penman-Monteith equation to estimate
the evaportranspiration (ETo). Third, we converted the obtained time-series of CWR into those of the
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irrigation division requirement (IDR), using data of JICA (1982; 1992) about effective rainfall, and
irrigation system efficiency. Fourth, monthly irrigation water demand was estimated for the period from Jan.
1991 to Dec. 1999 by multiplying two monthly time-series, i.e. IDR and irrigated area.

1.5.2. Y 3E ME 55 Hhisk T DL EFTE
1.5.2.1. NRONRVANFTEOHKEHBEICRET 2RAE
RN BT DK - BKMEIINE & BHATO
PERTE FEOEELIEZ B L L T201347 A28
FEEAT o T2, 7 X AT TR A D230 |
L BERBRAME THDH LD, WEREICEL UL
NHIREE L B E OB R DT T2,
(1) RN 1T 2 ok
PRURUITINEE T, BEO EREESEENIEE &
W2 EDDIRITEEEALE N BAE L T D, X 1.5-16
DT 2004 AEOWKTIRAK LTZ= U 7 0> B ik DK
HDKEZIRAKLTND Z ENbND,
(2) fEHERC X Bl KEERE
PR TN X o FRAT T YT v b
=F AT T D2 ODOJERRBHIENH Y | BOKRFIZIE
IS OBHIE NIRRT D Z & TR L LT ok \ X nar u
PREZRTZL T Do FHED S AAD 7T, I [ 1.5-16 : 2004 4RI 5646 L 23tk o
RO~k T2 2 L TRIAKRZIBHEICIA S 0 <0 #1150k
JFREDEY—27 1y b &IT-oTWA (K 1.5-17), TmHhids
MIZIZZ < DADREFELTWDE2, K 15-18 3R T XL 92, WU HNRRAT T TEEL OFEN
i B SRS Z TV, S HICIHRKEHCIT - CiRELE TN TR, ERITkE &
FLTWDEWVWRD, LI T, BAKEELZFEEICH T - TXRHHE ORI TR D Tk
AT 20ERD D,

1.5-17 0 /XX TN 6 15-18 : B A NRRT L FRNOE LT SH-{EE
BB NRAT T A~DFEAN

(3)  {MEOW FREINCET 2BEFET — % DR

RN TR C I BT 18 HUSRRE SN TRV, 205 H 11 # 3k & 8L S
NTW5D, MEEINITZNE TICESTITONTWD A, HkEEOT —42 13072 < | H-Q i
DOIERRIZ 53 EIEE 2720, ZTOFTH BT —Z 3%\ Arayat Hifz2 FOICARFHE ClIAR
JIDITERE FRES 2 iR L7-. X 1.5-19 BLHERA [\ CITEE 2> S B AR CHEE L 72 ihE i FHE
N1 Coh 5D, 721X 1.5-20 X Arayat HiIZ3B1T 5 H-Q i ZBIHGHEZ ICAE LR TH D,
BHFREOFE R D, 2 E TO H-Q HifR TR IS TRED Z B KFHMEI L Tz EE 2 5N
D=, EIENOHEE SN HE L BEEMEN ENDHRBREIEIE LT,
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1.5.2.2 Household Survey in Pampanga River Basin
(1)  Outline
The households with assets are major stocks of the people living in the flood-prone areas. It is thus
necessary to consider household damages in flood risk assessment towards development of flood risk
assessment model. The direct damage of house and assets varies according to the socio-economic group of
the community, which can be categorized based on flood characteristics. To observe the household and
flood characteristics in the Pampanga river basin of the Philippines, a field investigation was carried out in
June 16-22,2013.

A.In Swamp Area: Candaba, also
partly in San-Antonia and Hagonoy

|B. In Other Areas: |

§ T ! House of average class housshold
House of Poor People [ ;
; Pt House of Rich §

H

House of average class
househol

House of Rich People

Mostly in Candaba Swamp
House of Poorest People:
Few household in
Hagonoy

Wooden house cim B om &

Figure 1.5-21: Households types in the Pampanga river basin of the Philippines.

(2)  Household characteristics in the Pampanga river basin

During the field investigation in June 2013, it was observed that elevated houses using
concrete stilts can be found in the Swamp areas of the Pampanga river basin, mainly in the
Candaba Swamp. In the Candaba Swamp area, houses can be categorized mainly into two
groups: (a) normal house and (b) elevated house with stilts. Further, it can also be categorized
into two groups based on walls: (i) concrete block wall and (ii) wooden wall. However, in other
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areas, house can be categorized as (a) normal house with concrete wall and (b) normal house
with wooden wall. Fig.1.5-21 shows the different types of houses in the Pampanga river basin.
The assessment of house damage will be carried out by considering house types,
socio-economic factors and their daily life styles. It is also planned to conduct household
survey in the flood prone areas of the Pampanga river basin tentatively in March 2014 to
collect information on household and flood characteristics. By reviewing experiences of past
study of house damages estimation in Cambodian floodplain of Lower Mekong Basin under
Technical Assistance 7276 of Asian Development Bank and West Rapti River basin in Nepal
under KAKUSHIN program, the house damages can be estimated by developing damage
function/threshold criteria of the damages according to flood characteristics and by
considering socio-economic characteristics. In further, to develop appropriate house damage
function, it is necessary to collect information and data on flood and socio-economic
characteristics in the Pampanga river basin.

1523 AVRST-AaVO#KLEFAHS I aAL—2aVICRAWSAKEEEEZDOHES
EORE

AU TEIROPEAKLEE Y A7 <XV A MNEFE T D702, BIHFAEICE SV FEY
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R SNEZFES . B 213H R F v MBI DK E— 7 FED i 13 40,000m’/s 25, =
D XD 7RIS BT DN B W IR 2 Fhi 9 5 12572 0 . LR & HEN Z TR D it
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X 1.5-22 137 7 o _XUMBE B R F ¥ AETO A V)| OHZEER L BRIREOMBR, 83
BB 2 R4, 32 1.5-4 13T D & & OF RO —Fl &2 74,
F 1.5-4 : FEHRMARRIC I T DI RS & s

) secton #| TotalQ W dth [TotalAreal depth
m¥s m m? m
M6 8316.1 11364 | 18490.7 16.3
M7 83340 | 10175 | 187625 184
M8 6699.2 | 1039.1 | 19838.1 19.1
M16 79602 | 18791 | 179804 96
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For Pampanga river basin, flood and draught changes are investigated concerning economic

loss. The damage curves of rice crops depend on each stage of rice crops and there is also
uncertainty in flood damages. The calculated result of rice crops damages in case of Calumpit
Municipality is reasonable with reported values. However, in case of Pampanga Province,
there is significant variation between calculated and statistical values of rice crops damages
because the statistical value of rice damages also includes rice crop damages due to strong
wind in this case. The development of appropriate rice crop damage curves is necessary in
further study. The method of flood damage estimation for risk assessment presented in the
paper can also be applied other river basins such as Solo river basin of Indonesia, Lower
Mekong basin in Cambodian floodplain, Indus river basin of Pakistan and Chao Phraya of
Thailand.

Natural meteorological droughts were frequently observed in the Pampanga river basin due
to lack of precipitation while only one socio-economic drought, i.e., the phenomena when
water demand is unsatisfied by irrigation water supply, was recorded in 1998. We examined
this pattern and found that the Pantabangan Dam provided water for the irrigation
withdrawals in all cases of natural drought except year 1998. In 1998, the water storage in
the dam, which was 20% of its capacity at the begging of growing season, was not sufficient to
cover river water demand of 48, 484 ha for the entire growing season, see Figure 1.5-25. In
April 1998, the dam water storage was exhausted and resulted in water deficiency of 92.8
MCM, see shaded area. This water deficit affected 44,293 ha of irrigational area using
modified FAO irrigation manual module #4 with calculated Irrigation Water Demand of 0.024
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cm/ha, see shaded area in Figure 1.5-25. For the 1998 socio-economic drought, BAS reported
affected irrigation area of 17,130 ha and totally damaged area of 3,300 ha in the Pampanga
River Basin. The discrepancy between the estimated and recorded affected area may be due to
overestimation of the IDR values and/or underreporting of the affected area by BAS. However,
no spatial data were available to validate affected and damaged irrigation area in 1998
drought. Therefore, our next task is to collect drought damage data for validation and

estimation of the drought damage curve in the Pampanga river basin.
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Figure 1.5-25 : historical drought in the Pampanga river basin
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The direct damage of house and assets varies according to the socio-economic group which

can be categorized based on flood characteristics. In the swamp areas of Pampanga river
basin, the elevated house with stilts to avoid flood damages can also be found. The house
damage function can be developed according to house types by considering daily life styles of
house households and socio-economic factors. The socio-economic data and households
characteristics with information of past household damages are necessary to collect in further
for development of appropriate house damage curve.
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1.5.2.  #EMEEEME T ORETE
1.5.2.1. Socio-economic drought assessment using BTOP model in Pampanga River Basin

In previous study, we introduced an assessment framework of the socio-economic drought that occurs
due to water imbalance between anthropogenic water demand and reduced water supply from precipitation,
river, and soil moisture water (Mishra and Singh, 2010). In the Pampanga river basin, we estimated
irrigation water demand in the Upper Pampanga River Integrated Irrigation System (UPRIIS) and simulated
natural river discharges with 0.45-km grid size BTOP model using globally available precipitation data
(Gusyev et al., 2014). For the present water supply, existing water infrastructure such as the Pantabangan
multi-purpose dam has been reducing the impacts of natural droughts on water scarcity during dry and wet
seasons. In future climates, natural droughts may further reduce water inflow into reservoirs while
anthropogenic water demand may increase due to population growth, industrial development and
agricultural area expansion. Therefore, our socio-economic drought assessment focuses on water inflow
(water supply) as well as reservoir water storage in this year’s study.

To quantify historical droughts, the Pantabangan Dam was selected as a pilot site to conduct dam
operation assessment of the historical water supply and demand (Figure 1.5-9A). The Pantabangan Dam
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has reservoir capacity of 2,966 MCM and was constructed in 1976 at the northern part of the Pampanga
river basin (PDO, 2013). The Pantabangan Dam is operated by National Irrigation Administration (NIA)
and has a primary purpose to supply irrigation water to the UPRIIS, which consists of five NIA districts
with total irrigated area of about 150,000 ha and river water diversion structures, see Rizal dam in Figure
1.5-9A. In 2001, Casecnan trans-basin water diversion tunnel was constructed to increase Pantabangan
reservoir water inflows (Figure 1.5-9A). In the Pampanga river basin, we utilized available data of JICA
(2011) study and conducted second drought field survey to gather additional water supply, water demand
and drought damage data. From the second survey, we also investigated past drought mitigation measures
that were taken by NIA to reduce drought impacts on farmers during historical droughts.
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Figure 1.5-9 : National Irrigation Administration (NIA) water distribution system in the Pampanga river
basin with the Casecnan trans-basin tunnel (A) (modified from JICA (2011)). The observed Pantabangan
inflows and BTOP simulated discharges with ground based precipitation at dam site (B) and zoom-in on the
one year results of the 1985-1986 period (C).

For the Pantabangan Dam, we obtained a daily historical record of precipitation, reservoir inflow, water
level and dam discharge data from 1980 to 2012 (PDO, 2013). These collected data were utilized with the
BTOP model, which was previously developed with about 0.45-km grid size (15 arc-second) for the
detailed simulations in the Pampanga river basin. The BTOP model, which was developed from globally
available data sets, simulated river discharge and dam inflows with local daily ground base precipitation
data collected at the Pantabangan Dam Office (PDO, 2013). The BTOP simulated discharges demonstrated
a satisfactory match with the observed Pantabangan inflows for the calibration period from 1980 to 1999,
see Figure 1.5-9B. An enlarged view on the simulation period between 1985 and 1986 is demonstrated in
Figure 1.5-9C. The discrepancy between simulated discharges and observed inflows may be due to the
precipitation data measured only at one rain gauge station located at the Pantabangan Dam office. After the
model calibration, we conducted the BTOP model simulation from 1980 to 2012 including Casecnan
trans-basin tunnel inflows. As a result, we observed the importance of the Casecnan inflows from year 2002
to replenish Pantabangan water storage during wet seasons. From these preliminary results, we concluded
that the Pantabangan reservoir has sufficient capacity to meet the UPRIIS irrigation water demand
especially during dry seasons. For the climate change impact assessment of the reservoir system, we need
to investigate future available water due climatic variability and future anthropogenic water demand in the
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Pampanga river basin.

1.5.2.2 Development of Agricultural Flood Risk Assessment Model in Pampanga River Basin

In this study, agriculture damage estimation method was developed for flood risk assessment. The flood
damage assessment in the Pampanga river basin of the Philippines was conducted by considering three
major factors of risk: hazard, exposure and vulnerability. The hazard characteristics were analyzed by
Rainfall Runoff Inundation model (Sayama et al. 2012). Agriculture damage refers here as damage
occurring to rice-crops. The rice-crops damage curves were originally developed by combining flood
damage matrix of BAS (2013) and height of rice crops according to IRRI (2009).

(a) Agricultural damage curves
The flood damage curves for rice-crops were originally developed as a function of flood depth, flood
duration and growth stage of the rice crops. Fig. 1.5-10 shows the developed rice-crops flood damage

curves.
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Figure 1.5-10 : Developed flood damage curves for rice-crops (Shrestha et al. 2014).

(b) Agricultural damage estimation
Based on developed flood damage curves and flood inundation characteristics, the agricultural damages
can be estimated by following equations.

Loss Volume = RiceYield x Damaged Area x Yield Loss )

DamageValue= Loss Volume x Farm Gate price @)

The values of farm gate price equal to 17 Peso/kg (BAS, 2013) and rice yield equal to 4,360 kg/ha
(BPAO, 2011) in case of the Pampanga river basin of the Philippines were used in the calculation.
According to cropping calendar published by National Irrigation Administration, Upper Pampanga River
Integrated Irrigation Systems (NIA-UPRIIS) in 2013, the stage of rice crops during September 2011 flood
period was maturity stage. Thus, the damage curves of maturity stage are used to estimate the production
loss of rice crops for September 2011 flood event as well as for certain return period flood events such as
50- and 100-years return periods.

The agricultural flood damage assessment was conducted in the Pampanga river basin of the Philippines
for flood events of September 2011, 50- and 100-years return periods (Fig. 1.5-11). The damaged rice field
area estimated in the Pampanga river basin during flood events of September 2011, 50- and 100-year return
periods are found to be 45,900, 52,800 and 78,100 hectares, respectively, while the values of agricultural
damage are 1,461.2, 1,777.8, 2,888.5 million Pesos, respectively. The damaged rice field area is the total
area of rice crops damages where flood water depth is greater than 0.5m in case of maturity stage, which
can be estimated by using flood damage curves.
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Figure 1.5-11 : Calculated agricultural damages for September 2011 flood, 50 and 100 years return period flood
cases (500 m x 500 m).
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Socio-economic drought assessment using BTOP model : As a result, we observed the importance of the

Casecnan inflows from year 2002 to replenish Pantabangan water storage during wet seasons. From these
preliminary results, we concluded that the Pantabangan reservoir has sufficient capacity to meet the
UPRIIS irrigation water demand especially during dry seasons. For the climate change impact assessment
of the reservoir system, we need to investigate future available water due climatic variability and future
anthropogenic water demand in the Pampanga river basin.

Development of Agricultural Flood Risk Assessment Model : The results of flood damage provide a

basis to identify areas at risk and these results can be useful for planners, developers, policy makers and
decision makers to establish policies required for flood damage reduction. The results could also be useful
to implement flood mitigation actions including agriculture land use regulation taking into account the
risk areas of damages and adaptation measures. The developed methods of agriculture damage can also be
applied to other river basins.
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(1) Verification

We applied the abovementioned methodology and estimated flood damages on crop yields in the
flooding areas for the September 2011 flood. In conclusion, the methodology using a finer Digital
Elevation Model (DEM) was verified by comparing estimated and reported flood damages.

The fine resolution Digital Elevation Model (DEM) dataset is called the Interferometric Synthetic
Aperture Radar (IfSAR). The IfSAR-DEM data, which was derived using intermap’s airborne IfSAR data
acquisition system, were obtained from the National Mapping and Resource Information Authority,
Philippines. The IfSAR-DEM data is available at Sm grid size, which is up-scaled to 450m grid size in this
study.

For comparison, the damage assessment is also conducted by using coarser DEM data of the Shuttle
Radar Topography Mission (SRTM-DEM) (15 arc-seconds, approximately 450m grid size), which was
derived based on spaceborne imaging radar-C/X-band Synthetic Aperture Radar.

The hazard assessment is conducted to estimate the damage by using Rainfall Runoff Inundation model.
To estimate flood damage, the abovementioned flood damage functions are used to estimate the yield loss
in rice-plants due to flooding. The estimated values of agricultural damage by using IfSAR-DEM and
SRTM-DEM are compared with the reported values.

The agricultural damage is defined as a function of flood depth, flood duration and growth stage of the
rice-plants as shown in Fig.1.5-2.
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Figl.5-5 : Distribution of calculated agricultural damage for September 2011 flood event (a) using IfSAR-DEM
(450 m x 450 m grid size) and (b) using SRTM-DEM (450 m x 450 m grid size).

Table 1.5-3 : Comparison of calculated agricultural damage using IfSAR-DEM and SRTM-DEM for September
2011 flood case with reported values.

Province/ Calculated (using Calculated
Municipality | Reported IfSAR-DEM) (using SRTM-DEM)
Damage Damage Area Damage Area
(million peso) (million affected (million affected
peso) (ha) peso) (ha)
Pampanga 1376 821.59 19318 723.41 16888
Province
Calumpit M. 37 53.69 2308 43.2 1255.5
San Luis M. 114.88 46 1923 43.4 1174.5
(50.29%)
Apalit M. 109.69 80.04 2349 70.29 1377
San Simon 78.08 92.05 1944 59.32 1356.75
M.
Candaba M. 337.5 457.6 8808.75 395.2 8322.75

* Estimated damage in inundated area by using proportion of inundation area and total paddy area in the
municipality (Inundated area=1923.75ha, Total Paddy Area=4394.25ha).
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Fig. 1.5-6 : Plotting of calculated damage using IfSAR-DEM with reported values at Calumpit, San Luis, Apalit,
San Simon and Candaba municipalities.

Fig. 1.5-5 shows the calculated agricultural damage (rice-crops) in the case of September 2011 flood
event by using (a) IfSAR-DEM and (b) SRTM-DEM. According to the cropping calendar published by the
National Irrigation Administration in 2013, the rice plants during the September 2011 flood was at the
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maturity stage. Thus, the damage functions of the maturity stage were used to estimate the production loss
of rice crops for the September 2011 flood event. The total estimated damages by using IfSAR-DEM and
SRTM-DEM are estimated to be 1475.78 and 1259.46 million pesos, respectively.

Table 1.5-3 compares the calculated agricultural damage by using IfSAR-DEM and SRTM-DEM with
reported values and the table shows that the calculated damage using IfSAR-DEM is more agreeable with
reported values. Fig. 1.5-6 shows the plotting of calculated damage using IfSAR-DEM and reported values
and calculated damage is reasonable with the reported data. From the results, it can be concluded that the
quality of DEM data affects the results of damage estimation and the fine resolution DEM is important to
get more accurate results of damage estimation.

(2) Estimation of flood risk change in the future

We applied a 1/T exceedance probability hyetograph (T=10, 25, 50 or 100) to the verified flood risk

assessment methodology. The assessment result for the T=50 case is shown in Figure 1.5-7.
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1513,  &KYRYEHE

We conducted drought assessment for the irrigated area from the Pantabangan Dam reservoir (PD). The
PD is located in headwaters of the Pampanga River basin with a capacity of 3,000 million cubic meters
(MCM) and has the main purpose to provide irrigation water supply for the downstream irrigated area of
about 1000 sq. km. The PD is operated by National Irrigation Administration (NIA), which determines
irrigated area of rice paddies based on the PD water volume at the beginning of dry (November) and wet
(May) seasons, and has experienced several extreme droughts in the past. For 1997-1998 drought, the
Pantabangan effective water storage was 20% of its capacity in November 1997 (the beginning of dry
season) and only 48,484 ha were scheduled for irrigation. Despite this reduced irrigated area, the PD
volume was insufficient to provide irrigation water until April 1998 (the end of dry season) resulting in
damaged rice paddies.

In this year study, a new reservoir operation module was developed to simulate a multi-purpose
operation of PD: constant discharge for electricity generation, variable discharge for irrigation water supply,
and variable peak discharge for the gated and spillway flood control operation. The reservoir operation

114

58



module determines irrigated area of rice paddies based on the reservoir water volume at the beginning of
dry (November) and wet (May) seasons as well as estimates daily irrigation water demand from PD for the
scheduled downstream irrigated areas. The developed PD reservoir operation module was connected with
the 15-arcsec (about 0.5-km) grid BTOP model, which was developed for the entire Pampanga River basin
and calibrated to PD inflows between 1980 and 2012 in the previous years’ study. The BTOP model with
PD reservoir operation module was run with local observed precipitation and validated with historical PD
volume and NIA irrigated area datasets from 1980 to 2003. From the reservoir operation module calibration,
we selected a special type of PD reservoir operation: constant irrigated area of 820 sq. km during wet
season and estimated area based on PD volume during dry season. This simulation of PD special operation
resulted in a good match between simulated and historical data especially during dry periods of 1983-1987
and 1993-1999 while other combinations of PD operation had a poorer performance (Figurel.5-8). As a
result, the PD reservoir module with the special operation was selected for the drought assessment of PD

under present and future climates.
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Figure 1.5-8 : Simulated PD volume using BTOP model with local precipitation and PD reservoir module with

estimated irrigation area for dry season and constant irrigation area of 820 sq. km for wet season.

For the climate change drought assessment, we investigated PD operation using MRI-AGCM-3.2S
precipitation with the Representative Concentration Pathways (RCP) 8.5 emission scenario simulated with
four sea surface temperature patterns: mean of 28 CMIP5 models, Cluster 1 (c1) of 8 models, Cluster 2 (c2)
of 14 models and Cluster (c3) of 6 models (Kitoh and Endo, 2015). The local PD precipitation data, which
has a maximum daily precipitation of 308 mm/d and 25-year annual average of 1885 mm/yr, was used for
statistical bias-correction of the MRI-AGCM-3.2S precipitation. The bias-corrected resulted in 1936 mm/yr
(AMIP), 1958 mm/yr (RCP8.5), 1687 mm/yr (RCP8.5-c1), 1932 mm/yr (RCP8.5-c2), and 1762 mm/yr
(RCP8.5-c3). In addition, the bias-corrected maximum daily precipitation, which are important for the
replenishment of PD during wet seasons as well as flood control operation, was 308 mm/d (AMIP) and
608.07 mm/d (RCP8.5), 441 mm/d (RCP8.5-c1), 499 mm/d (RCP8.5-c2), and 365 mm/d (RCPS8.5-c3). All
these cases were simulated using the BTOP model with PD operation and we demonstrate drought
assessment of PD for dry season agriculture under RCP8.5 (mean) and RCP8.5-c1, which represents
uniform warming in both hemispheres (Kitoh and Endo, 2015). From the BTOP simulation, the 25-year
average irrigation area of dry season is 650 sq. km for AMIP (1979-2003) and is 624 sq. km under the
RCP8.5 case. This result indicates that despite slightly higher precipitation of future RCP8.5 precipitation
the dry season irrigation area is slightly reduced. However, the BTOP simulation with RCP8.5-cl
precipitation results in 520 sq. km of dry season irrigated area, which is much lower compared to the
present climate. In addition, the PD simulation of RCP8.5-c1 case resulted in exhausted PD volume at the
beginning of dry season (November) and produced no planting during one dry season. From these results,

the climate change impacts may intensive droughts in the downstream irrigated area due to lack of PD
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water volume. Therefore, the PD inflows may be increased by utilization of trans-basin infrastructure and
are planned to be evaluated under climate change in the next stage of this study.
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1.5.2. Vol TOKEET) R EHE
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#1.5-5 : BUERER OFREIEICBIT D, 2o 25 FEM O K4 BFREAREL K X — BV
FRICHTAEED, 5% RRITFFAMCAD L CEE LY — 7 iE., RRLER

Precipitation  Discharge at Inundation Precipitation ~ Discharge at Inundation
Present (mm/4days) Cepu (m3/s) (mm) Future (mm/4days)  Cepu (m3/s) (mm)

value (ratio of the value to the original (%)) value (ratio of the value to the original (%))
Original 97 () 2,054 (-) 18 (=) Original 126 (=) 3,236 (-) 102 (-)
10 year return period 90 (93) 1,928 (94) 14 (78) 10 year return period 95 (75) 2,860 (88) 73 (71)
25 year return period 97 (100) 2,055 (100) 18 (100) 25 year return period 109 (87) 3,037 (94) 86 (84)
50 year return period 101 (105) 2,157 (105) 21 (106) 50 year return period 120 (95) 3,176 (98) 97 (95)
100 year return period 106 (109) 2,245 (109) 23 (131) 100 year return period 132 (105) 3,311 (102) 108 (106)

F 1.5-6:BUERME K OFERRURIZ I S I

B m3/s BAESE _ TR _
15 ZHERE iy ZHERE
SKRE 959 148 1091 188
EKRE 377 84 389 138
BEKEE 89 47 73 41
BKIRE 16 13 12 9

(2) #HKRRUVEFEKY R

2007 47 12 A 205 2008 4= 1 AIZHF T Y ik T4 L7k K D B3 Y 2 7 5l 217 9
ZLEHZHEMIC, RRI T /UICEAIE S S 2 L—> g UREER (TR &, 2015) 12, 2Su_0d
JIFHRIZ N TBAZE U 7= 22 g E i B (Shrestha et al., 2015) 2 RBRAVICHEA L, ToOfREE ST
HERTH O mfE M OEGH BB A SRt T — # Ll L 7o, 2 OfEE, ISR OHER#EmAE 0
66,000ha & 72 V) | FEFHETH 55 60,000ha & IT\ME & 7e o7, Fiz, BEEFEIZOWTIL, FFtHE
TR EINE—ThLIDICR L, #EHMEITN 144 B —Lirol,

A2 RRIT « YV a)IlEEOEKY 27150 TlE, B AT FiETH D BTOP 5 /L%
FAWTHIkDET b2 Elii L=, 1983 4F~1999 OB BN EEZ AW T U+ / XU X ARAE
B LTCRER, BRULRFMARIEWHEFRD G LN, —F . 1997 #~2006 4D F. 3]
SHICEIT D U4 /XU X LIEE L 2SI BT 28K EwE S OBMRICOWTEI L E =
AL PR BIRIZ AR e o 7o, A%, BT RIS O 2y A S W BE T — & A B IIINEE
HEEBHIT, KLT—F LEKEELEOBBREEEL, BAKY A7 OFMiz#ED 5,

1.53.  AaV)IRETOKKEE) XY i

(1) Flood risk assessment

Inundation analysis was conducted for the Lower Mekong Basin (LMB) to evaluate the climate change
impacts using the 20-km super high resolution atmospheric general circulation model, MRI-AGCM3.2S
experiments. The selected MRI-AGCM3.2S experiments in the study were an AMIP-type experiment as
present climate (SPA_mO1: 1979-2003), and 4 members of RCP8.5 greenhouse gas emission scenario
experiments with different sea surface temperature (SST) distributions, as future climate ensembles
(Named as SFA rcp8.5, SFA rcp8.5-C1, SFA rcp8.5-C2 and SFA rcp8.5-C3) for 2075-2099. The
considered LMB in Cambodia and Vietnam area was approximately 187,000 km” and it was about 24% of
the total basin area of the Mekong River. Two hydrological models were employed in the study with the
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bias-corrected precipitations of MRI-AGCM3.2S for the aforementioned experiments. The BTOP model
(Block-wise TOPMODEL) with 20-km resolution was executed for the whole Mekong Basin and its
discharge outputs at the Kratie station were obtained to utilize as the upstream discharge boundary
condition for the Rainfall-Runoff-Inundation (RRI) model which was executed for inundation simulations
for the LMB. The river discharge outputs of the RRI model were calibrated against the gauging stations of
Kampong Cham, Chroy Changvar, Prek Kdam, Koh Khel and Neak Luong for the period of 10 years from
1998 to 2007. The inundation distribution outputs for that period were justified by the available flood maps
for 1998 and 2000.

The calibrated RRI model was executed with the BTOP generated Kratie discharges and bias corrected
precipitations for aforementioned climatic conditions. According to the obtained RRI simulation results for
the climate scenarios, a significant increment of inundation distribution can be observed for the RCP8.5
future inundation distribution outputs when compared with AMIP-type present experiment. Figurel.5-10
depicts the 25 years averaged inundation distributions for present and future climatic experiments. The
inundation area increments for the future climatic conditions compared with the present AMIP-type
experiment are 1.34, 1.26, 1.35 and 1.24 respectively for RCP8.5 experiments with four SST distributions.
The conducted frequency analyses for the Kratie discharge based on Gumble and GEV distributions for the
present and future experiments are summarized in Figurel.5-11 and 1.5-12. The increment ratios of the
Kratie discharges for the return periods of 10, 25, 50, 75 and 100 are summarized in the Tablel.5-7 The
future flood damages for the agriculture are supposed to conduct based on the produced inundation

simulations in this study as the next step.

Figure 1.5-10 : 25 years averaged inundation distributions: (a) SPA_mO01, (b) SFA rcp8.5, (¢) SFA rcp8.5-Cl,
(d) SFA rcp8.5-C2 and (e) SFA rcp8.5-C3.
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Figure 1.5-11 : Return periods for Kratie discharges for climatic experiments based on Gumble distribution
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Figure 1.5-12 : Return periods for Kratie discharges for climatic experiments based on GEV distribution

Table 1.5-7 : Increment comparison of the Kratie discharge for future rcp8.5 climatic scenarios with the present

AMIP type climatic experiment SPA mO01

Return |(SFA rcp8.5/SPA mO1)|(SFA rcp8.5-C1/SPA mO01)|(SFA rcp8.5-C2/SPA mO01)|(SFA rcp8.5-C3/SPA m01)
Period | Gumble GEV Gumble GEV Gumble GEV Gumble GEV

100 1.26 1.56 1.00 1.11 1.38 1.77 1.29 1.57

75 1.26 1.51 1.00 1.10 1.37 1.70 1.29 1.52

50 1.26 1.45 1.00 1.07 1.36 1.61 1.28 1.46

25 1.26 1.36 1.00 1.04 1.34 1.47 1.27 1.36

10 1.26 1.26 1.00 1.00 1.31 1.31 1.24 1.25

(2) ¥8KY 2275t

A A TR OVEK Y A ZIZHONTIE, F A RALHITT IZIRAN % KK B % 5 G K O AR A
WHE R, IHE BB D Bk 2 IR L7c, A fRi, Bk &Y, IR ORIR 2 KB L
VeI A7 ORHli 2D %,
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1.55. R{xRBY - A UFRFEBTOKKEE) R i

(1) Flood risk assessment

In Pakistan extreme water hazards management (floods and droughts) is an increasingly important issue.
There are strong indications that in South Asia, particularly in Pakistan, climate change is intensifying the
climate-related natural disasters including floods, droughts, cyclones and landslides. In order to address
those disasters, it is indispensable to assess water related hazards under the changing climate scenarios in
the future. This study focuses the main stem of the Indus River (Figurel.5-15).

IFAS was introduced and implemented for long-term simulations in the Indus River Basin in Pakistan. In
addition, snowmelt was calculated by degree-day method with ground-based air temperature and daily
fractional snow cover from MODIS, which remarkably improved the model performance in the Upper
Indus Basin in particular the early monsoon. Monsoon of 2010 was selected for IFAS snowmelt module
calibration as representatives of extreme flood (Figurel.5-16).

Long-term simulations were conducted on daily basis with MRI-AGCM3.2S outputs without
considering snowmelt, as precipitation is the major contribution to discharge from middle to lower Indus
River Basin. Simulated discharge at middle to lower Indus was at reasonable magnitude especially during
monsoon season under the present scenarios from 1979 to 2003(Chashma in Figurel.5-17). Results under
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the general future scenarios from 2075 to 2099 showed 10-20% increase in discharge, while there was an
extreme event in 2088 due to extremely heavy precipitation (Figurel.5-18). On the other hand, discharge
simulated in the Upper Indus Basin (Tarbela in Figurel.5-17 and Figurel.5-18) was missing the peaks in
general.

In the Upper Indus Basin, snowmelt contributes as much as 40% to discharge, in particular early
monsoon season. Trial simulations with snowmelt were conducted with raw air temperature and fractional
snow cover from MRI-AGCM3.2S. The main sources of simulation discrepancies were under evaluation,
such as bias in air temperature and snow coverage. With the corrected inputs, simulated discharge both in
the past (1979-2003) and in the far future (2075-2099) can be obtained, which will be analyzed for future
water resources in the local area as well as for water related hazards under different future climate changing
scenarios.
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Figurel.5-15 : The study area with meteorological
and gauging stations. : . o
gauging Figurel.5-16 : Validation of the snowmelt
included simulations at Tarbela
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Figurel.5-17 : Monthly precipitation and average discharge without snowmelt simulated with
MRI-AGCM 3.2S SPA-MO1 (1979-2003).
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Figurel.5-18 : Monthly precipitation and average discharge without snowmelt with MRI-AGCM 3.2S
SFA-rcp85 (2075-2099).
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1.5.3. VRIREETOKKE) RV EHE (RIZZESTICEITHREY X7 i)
1.5.3.1. Introduction

This study focuses on assessment of agricultural flood damage under climate change in the Solo River
Basin of Indonesia. Flood damage to rice crops was calculated by a function of flood depth, duration and
growth stage of rice plants. Flood hazard characteristics such as flood depth and flood duration were
computed using rainfall runoff inundation model (RRI model) developed by ICHARM (Kudo et al., 2015).
For the assessment, HydroSHEDS (SRTM) topographical and global land cover data were used. The flood
damage assessment methodology was verified for past largest recorded flood in December 2007 and flood
damage assessment was conducted for both present climate (1979-2003) and future climate (2075-2099)
conditions using MRI-AGCM3.28S precipitation dataset. Statistical analysis was conducted using rainfall
volume to identify flood hazard intensity for 50- and 100-year return period under present climate and
future climate conditions, and flood damage was assessed for both return period cases with different rainfall
patterns chosen from each climate scenario.

1.5.3.2. Agricultural damage estimation
The flood damage curves developed by Shrestha et al. (2016), which are derived by using past flood
damage data for the Philippines case, are used to estimate the yield loss in rice-plants due to flooding.
Based on developed flood damage curves and flood inundation characteristics, the agricultural damages can
be estimated by following equations.
Loss Volume = Rice Yield x Damaged Area x Yield Loss )

Damage Value = Loss Volume x Farm Gate price ?)

The values of farm gate price equal to 4650 Rupiah/kg and rice yield equal to 5,230 kg/ha in case of the
Solo river basin of Indonesia were used in the calculation.
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1.5.3.3. Results and Discussions

(i)  Verification

Fig. 1.5-7 shows the calculated agricultural damage (rice-crops) in the case of 25 December 2007 to 2
January 2008 flood event. The calculated and reported rice-crops damage areas in the basin are 66,298 and
60,630 ha, respectively (Table 1.5-1). The calculated and reported amounts of rice-crops damage are 143.8
and 93.3 billion Rp, respectively. Tablel.5-2 shows the comparison of calculated and reported rice-crops
damage areas and estimated amount of damages in the Ngawi, Ponogoro, Bojonegoro and Madiun districts
in the basin.

Fig. 1.5-8 shows the plotting of calculated damage area with reported damage area. The figure shows
that the calculated damage area of rice-crops is agreeable with the reported values.

>z

: . s ’ Agricultural Damage

5 ’ . (Million Rupiah)

- M 12.48 - 20.0

[120.0 - 50.0
f % 150.0 - 100.0
[1100.0 - 1,000.0
0510 20 30 40 Il 1,000.0 - 2,053.9
[ = e = |

m

Fig. 1.5-7 : Distribution of calculated agricultural damage in the Solo River basin of Indonesia in
the case of 25 December 2007 to 2 January 2008 flood event (at approximately 919 m X
919 m grid size).

Table 1.5-1 : Comparison of calculated rice-crops damage areas and amount of damage with reported values.

Damaged Rice Crop Area Rice Crop Damages
(billion Rp)

Calcul Repoi%i‘:ed"2

*]: Directorate of Food Crop Protection, Indonesia; *2: Hidayat et al. (2012)

Table 1.5-2 : Comparison of calculated and reported rice-crops damage areas and estimated rice-crops damage in
the Ngawi, Ponogoro, Bojonegoro and Madiun districts.

Damaged Rice Crop Area (ha) Estimated rice-
District Calculat%d ” - Reported™ c{gﬁli‘:?‘n;pg)e
Ngawi 6,925 7 7 5,997 8.319
Ponogoro 2,534 5,528 0.473
Bojonegoro 8,868 13,771 7.39
Madiun 1,774 2,873 0.287

*1. Directorate of Food Crop Protection, Indonesia
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Fig. 1.5-8 : Plotting of calculated and reported rice-crops damage areas.

(ii) Flood Damage Assessment under Climate Change

Fig. 1.5-9 shows the comparisons of flood hazard and damage assessment for 100-year flood in the case
of worst scenario. The results shows that rice-crop damage by flood will be increased by more than 29 % in
the future. The results of flood damage assessment in this study can be useful to implement flood
mitigation actions with taking into account the risk areas of rice-crop damage and adaptation measures.
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Fig. 1.5-9 : Comparison of flood hazard and agricultural damage for 100-year flood under present climate and
future climate conditions.

1.54. Agricultural Flood Damage Assessment for the Lower Mekong Basin (LMB) —
SOUSEI Program

1.54.1. Introduction

In the Lower Mekong Basin (LBM) of Cambodia and Vietnam, we assessed the impact of present and
future floods on the rice crop as to estimate the agricultural damages. The considered LMB was
approximately 187,000 km? and it was about 24% of the total basin area of the Mekong River basin (Fig.
1.5-10). Flood characteristics such as flood depth, duration and distribution were computed using
Rainfall-Runoff-Inundation (RRI) model to assess the flood hazards under present and future climatic
conditions produced by MRI-AGCM3.2S. The damage assessment methodology for the rice crop was
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verified for the severe flood event recorded in 2011. 50- and 100-year floods under present and future
climate conditions were simulated and damage assessment was conducted to estimate the possible
agricultural damages.

ampong_Cham
Neak_Luong

Figure 1.5-10: Study area and river gauging stations (a: Mekong River Basin, b: LMB Model area)

1.5.4.2. Inundation Analysis

For hazard assessment under climate change, a hydrological simulation was conducted for the LMB area
using selected MRI-AGCM3.2S experiments. An AMIP-type experiment was selected for the present
climate (SPA_mO1: 1979-2003). Four members of RCP8.5 greenhouse gas emission scenario experiments
with different sea surface temperature (SST) distributions were selected for the future climate ensembles
(Named as SFA rcp8.5, SFA rcp8.5-C1, SFA rcp8.5-C2 and SFA rcp8.5-C3) for 2075-2099. Two
hydrological models were employed in the study with the bias-corrected precipitations of MRI-AGCM3.2S
for the aforementioned experiments. The BTOP model (Block-wise TOPMODEL) with 20-km resolution
was executed for the whole Mekong Basin. The BTOP model was calibrated for the discharge at Pakse
station. Its discharge outputs at the Kratie station were obtained to utilize as the upstream discharge
boundary condition for the RRI model which was executed for inundation simulations for the LMB. The
river discharge outputs of the RRI model were calibrated against the gauging stations of Kampong Cham,
Chroy Changvar, Prek Kdam, Koh Khel and Neak Luong (Figure 1.5-10) for the period of 10 years from
1998 to 2007. The inundation distribution outputs for that period were justified by the available flood maps
for 1998 and 2000. The calibrated RRI model was executed with the BTOP generated Kratie discharges
and bias corrected precipitations for aforementioned climatic conditions. To assess the flood damages,
flood hazard characteristics such as flood depths and flood durations were computed. The inundation area
increment ratios for the future climatic conditions compared with the present AMIP-type experiment are
1.34, 1.26, 1.35 and 1.24 respectively for RCP8.5 experiments with four SST distributions.

Table 1.5-3 : Summary results of frequency analysis

MRI-AGCM 50 year return period 100 year return period
Experiment rainfall (mm/4 months)  rainfall (mm/4 months)
SPA mo01 40.6 41.9
SFA rcp8.5 453 46.3
SFA rcp8.5-Cl 424 43.6
SFA rcp8.5-C2 454 46.6
SFA rcp8.5-C3 45.6 473

The frequency analysis was conducted based on the 4-months rainfall of the basin since it shows the
highest correlation with the peak inundation volume. The conducted frequency analyses for the 4-month
rainfall based on Gumbel distribution for the present and future experiments are summarized in Table 1.5-3
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Flood hazard analysis was conducted to assess the flood damage for 50- and 100-year flood cases with
different rainfall patterns chosen from each climate scenario.

1.5.4.3. Flood Damage Assessment
(a) Verification

For the verification of flood damage estimation, flood damage to agricultural (rice-crop) was assessed for
2011 flood case by using flood damage curves developed by ICHARM (Shrestha et al., 2016) and MRCS
(MRCS, 2010). Based on flood damage curves and flood inundation characteristics, the agricultural

damages can be estimated by following equations.
Loss Volume = Rice Yield x Damaged Area x Yield Loss (1)

Damage Value = Loss Volume x Farm Gate price )
The values of farm gate price equal to 924 Riel/kg and rice yield equal to 2,500 kg/ha (Department of
Rice Crop, Cambodia, 2013) in case of the LMB were used in the calculation. The global land cover data
developed by the Global Land Cover by National Mapping Organizations were used to extract the paddy
field.

By ICHARM’s Damage Curve By MRCS’s Damage Curve

>z
>

Agricultural Damage Agricultural Damage

(in million Riel) (in million Riel)
0.2 100 4100
[ 100 - 300 [7 100 - 300
[1300 - 500 [1300 - 500
[ 500 - 600 i [ 500 - 600
I 600 - 748 I 600 - 748
03060 120 180 240 03060 120 180 240
== = eee——— [ ]| I ——— | 1)
Total estimated damage: Total estimated damage:
2637.3 billion Riel 2933.6 billion Riel

Figure 1.5-11 : Calculated agricultural damage using ICHARM’s damage curves and MRCS’s damage curves

Table 1.5-4 : Comparison of calculated damage with reported damage value

Rice Crop Damages in Cambodian Floodplain (million USD)

Reported Calculated Using Calculated Using
ICHARM'’s Damage Curve MRCS’s Damage Curve
178.8 189.132 207.22

# “Flood Damage Emergency Reconstruction Project, Preliminary Damage and Loss Assessment”, ADB, 2012

Figure 1.5-11 shows the calculated agricultural damage using ICHARM’s damage curves and MRCS’s
damage curves and Table 1.5-4 shows the comparison of calculated damage amount with reported value for
Cambodian floodplain. The comparison results show that the calculated damage using both curves are
reasonably agreeable with reported data, however, damage estimation using ICHARM’s damage curve
shows a better approximation to the reported value. According to damage curves, damage occurs if the
flood depth reaches over 0.5 m. Table 1.5-5 shows the comparison of calculated agricultural damage area
with reported damage area at province level and there are some discrepancies between calculated and
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reported damage area. In this study, agricultural damage was assessed using globally available
topographical and land cover data. Damage assessment can be further improved by adjusting globally
available topographical data with ground observed elevation data and also by using locally available land
cover data to reflect actual local conditions.

(b) Flood Damage Assessment under Climate Change

Flood damage to agriculture (rice crops) was assessed for 50- and 100-year flood cases with different
rainfall patterns chosen from each present and future climate scenario. Figure 1.5-12 shows the
comparisons of flood hazard and damage assessment for 100-year flood in the case of worst scenario. The
results shows that flood damage to agriculture sector will be increased by more than 23 % in the future.

Table 1.5-5: Comparison of calculated agricultural damage area with reported damage area

ooty | Cottdamag | Gt danas
MRC"! ADB" Average | [CHATEI S Damage | MECE S Dmage

[Banteay Meanchey 18894 2000 10447 1620 1620
Battambang 35000 51000 43000 14580 13284
[Kampong Cham 20049 23000 52698 58320 57996
|Kampong Chhnang 11166 8000 9583 33048 33048
|Kampong Thom 69396 36000 52698 30780 22356
[Kampot 3254 - 3254 648 648

|Kandal 5770 5000 5385 69984 68688
Kratie 5191 5000 5096 7452 7452
[Phnom Penh 681 - 681 2268 1944
Pursat 17940 15000 16470 10368 8424
Prey Veng 47268 50000 48634 75816 75492
Siem Reap 15120 16000 15560 20412 18468
Svay Rieng 7761 10000 15560 12960 11016
Takeo 5566 5000 5283 44712 43416
[Preah Vihear 2018 3000 2509 5832 2592

#1 “Annual Mekong Flood Report 2011”, Flood Management and Mitigation Programme, MRC, 2014
#2 “Flood Damage Emergency Reconstruction Project, Preliminary Damage and Loss Assessment”, ADB, 2012
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Figure 1.5-12: Comparison of flood hazard and agricultural damage for 100-year flood under present climate

and future climate conditions.
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1.5.54. Indus River Basin -Simulation of Tarbela Dam inflows in the Indus River basin-

Tarbela Dam with a live capacity of 11.96 km? is an integral part of the Indus Basin Irrigation
System (IBIS) and supplies irrigation water for downstream barrages and canals of the IBIS to maintain
agricultural activities in Pakistan (FAO, 2011). Since the construction of Tarbela Dam in 1976, Tarbela
Dam has been providing irrigation water supply with electricity generation and flood control (WAPDA,
2017) resulting in the increase of downstream irrigated area from 1.18 million ha in 1980 to 21.48 million
ha in 2008 (FAO, 2011). Tarbela Dam is situated on foothills of the Himalayas with normal reservoir water
level at 340 m above sea level (masl) (Fig.1.5-27) and drains about 220000 km? of the upper Indus River
basin with elevation range between 335 and 8238 masl (Immerzeel et al., 2010). From Immerzeel et al.
(2010), the snowmelt processes is a major contributor of river discharge during summer seasons and the
snowcover is replenished during winter seasons in the upper Indus River basin. These patterns of
hydrologic cycle may be susceptible to climate change and these impacts on Tarbela Dam inflows are
investigated with a distributed hydrologic BTOP model.

To simulate Tarbela Dam inflows, we utilize an existing BTOP model of the Indus river basin
developed by Magome et al. (2015) as a part of the Global BTOP system with 600-arcsecond (about
20-km) grids (Fig.1.5-27). The 20-km grids of the Global BTOP were developed from 0.09- and 1-km
digital elevation model (DEM) data using an upscaling algorithm to preserve topographic features during
aggregation (Magome et al., 2015). In previous studies, the 20-km BTOP demonstrated a good statistical
performance in the Rhine River basin compared with observed river discharge data at selected river
gauging stations and 0.5-km grid BTOP model (Gusyev et al., 2016). The BTOP model includes a snow
module with degree to simulate grid-based snowfall and degree-day-method snow melt based on
temperature thresholds and degree-day-factor values by Georgievsky et al. (2006). For the upper Indus
River basin, the snow module of BTOP model was updated to account for the direct runoff due to snow
melt from each grid. The temperature threshold of snow melt process was selected at 4°C and the
degree-day-coefficient was adjusted during the calibration. The statistical performance of BTOP model was
evaluated with the index of agreement (IoA), root mean squared error (RMSE), mass balance error (MBE),
coefficient of determination (R?), and the Nash—Sutcliffe efficiency (NSE).

Figure 1.5-28 demonstrates daily Tarbela Dam inflows for the 5-year calibration period of the
20-km BTOP model. The 20-km BTOP model was simulated for 47 years from 1961 to 2007) using daily
APHRODITE precipitation (Yatagai et al., 2012) and temperature (Yasutomi et al., 2011) datasets to
evaluate long-term trend and calibrated to daily observed Tarbela Dam inflows from 2002 to 2007. The
20-km BTOP simulated daily discharge was also cross-checked with the daily river discharge data of the
Pertab Bridge gauging station for the same period. For daily Tarbela Dam inflows, the statistical
performance of the BTOP model has NSE of 0.80, R? of 0.86, MBE of -23.5%, RMSE of 1039.23 and IoA
of 0.94. In the Pertab Bridge gauging station, the BTOP simulated river discharge has NSE of 0.85, R? of
0.90, MBE of -19.46%, RMSE of 823.16, and IoA of 0.96. As a result, the 20-km BTOP model has
demonstrated an excellent overall performance in both locations from January 2002 to December 2007 and
is suitable to simulate Tarbela Dam inflows under present and future climates.

For the present climate, daily Tarbela inflows are simulated from 01-Jan-1979 to 31-Dec-2003
using calibrated 20-km BTOP model with the APRODITE precipitation and temperature datasets (Figure
1.5-29a). The initial conditions of the BTOP model was outputted from the calibration run on Dec-1978 for
the present climate simulation. Four cases of daily Tarbela inflows are simulated from 01-Jan-2075 to
12-Dec-2099 for future climates (Gusyev et al., 2016; Hasegawa et al., 2016): 1) 28 CMIP5 model average
(RCP8.5 ensemble average), 2) nearly uniform warming in both hemispheres (RCP8.5-cluster 1 of 8
CMIPS models); 3) larger warming in equatorial Pacific (RCPS8.5-cluster 2 of 14 CMIP5 models); and 4)
larger warming in the Northern hemisphere (RCP8.5-cluster 3 of 6 CMIP5 models). For each of these four
cases, daily 20-km MRI-AGM3.2S precipitation (01/2075 to 12/2099) was bias-corrected with the present
climate APHRODITE precipitation (01/1979 to 12/2003) by Hasegawa et al. (2016) using a non-parametric
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method while daily future temperature trend of 20-km MRI-AGM3.2S was estimated by adding monthly
average values of a difference between future RCP8.5 (01/2075 to 12/2099) and present AMIP (01/1979 to
12/2003) temperature values to daily APHRODITE present climate temperature.

Figure 1.5-29 demonstrates daily Tarbela Dam inflows for the present and future climates
simulated with calibrated 20-km BTOP model. Figure 1.5-29a shows simulated Tarbela inflow for the
present climate and the BTOP simulated inflows with the RCP8.5 ensemble average case is demonstrated
in Figure 1.5-29b. Other three cases demonstrated a similar pattern and are not shown. In four future cases,
the winter (from November to February) mean daily inflows are increased largely while daily mean peak
inflows are reduced by about 2,000 cms (Figure 1.5-29). Simulated present and future climate inflows
demonstrate a shift in mean daily inflows from mid-July in the present climate to the end of May in the
future climate. In addition, the second smaller peak is observed in early August in future climates indicating
a shift in the snow melt hydrology..

—— observed
—— BTOP simulated

I T I T T |
2002 2003 2004 2005 2008 2007

Fig. 1.5-28: Daily Tarbela Dam inflows

Figure 1.5-27: Modelled area in the Indus simulated with 20-km BTOP model.
River basin.

(a) Present climate (b) Future RCP8.5 ensemble average

Fig.1.5-29: Daily Tarbela Dam inflows simulated for the (a) present (01/1979-12/2003) and (b) future
(01/2075-12/2099) climates.
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d. Indus River Basin

We utilize these calibrated parameters to simulate Tarbela Dam inflows under present
and future climates. From these simulation results, future droughts may not be a major concern the
snow-driven hydrology of the upper Indus River basin and the current snow module of the BTOP model

should be further improved to include complex snow and glacier melt processes
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