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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.
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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

138



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 mO1 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
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>
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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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