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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 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
areas. So there is significant difference (Affected area 15,900ha)
between calculated and statistical Calumpit Municipality | 37 54 30 42

(Affected area 1,250ha)

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” il
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); (i) 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
[ 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 ——

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.
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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.
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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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