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Return Period: Historical (1981-2005) Return Period: RCP2.6 (2075-2099) Return Period: RCPB.5 (2075-2099)
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This research has developed a new model (Fig.4.5-22), Water and Energy Budget-based RRI
(WEB-RRI), by integrating the hydro-SiB2 model with the RRI-model’s 2-D flow equations to incorporate
water and energy budget processes, land-vegetation-atmosphere interactions, multi-layer soil moisture
dynamics, and 2-D lateral water flows to improve interception, ET, infiltration processes, runoff, and
inundation processes. The use of the hydro-SiB2 model will also enable the WEB-RRI model to be used for
drought assessment and to be coupled with atmospheric models for flow forecasting as well as the
assessment of future climate change scenarios. For more details about model formulation, its structure, its
major components, and model validation can be found in Rasmy et al., 2019. The model was applied for
assessing the impact of climate change on water resources and hydrological extremes and to develop
appropriate adaptation and mitigation strategies under the TOUGOU Framework.
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Fig. 4.5-22: Schematic diagram of the Water and Energy Balanced based Rainfall-Runoff-Inundation
(WEB-RRI) model and its four major modules: (1) the SiB2 module for vertical energy and water flux
transfer between land and atmosphere for each model grid, (2) the vertical soil moisture distribution module
based on Richard’s equation and Darcy’s equations for groundwater recharge, (3) the 2-D diffusive wave lateral

flow module for surface flow and groundwater flow, and (4) the 1-D diffusive wave river flow module

The Solo river basin (Fig. 4.5-23) is located in the Java island of the Indonesian and it is the longest river
(~ 600 km) on this Island. The river originates in the hills of the south (i.e. mount Lawu and Sewu) and
flows through two main provinces such as Central Java Province and East Java Province and finally
discharges into the Java Sea at Surabaya. It has a catchment area of about 16000 km2 and the annual
average rainfall is about 2000 mm. The Wonogori dam is located upstream of the solo river with a capacity
of 730 million m3 to store water for multipurpose activities. The basin plays an important role in
agricultural production, particularly for rice farming and other cash crops (e.g. coffee). Brantas River
Public Corporation or Perum Jasa Tirta I (PJT1) is responsible for managing the water resources of this
basin mainly for irrigation, flood control, and hydropower generation. In recent 30 years, the agricultural
developments in this basin have reached a significant level, however, very limited studies have been
conducted in this basin in the past.
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Fig. 4.5-23: Locations of the study area and gauges: (a) a map of Java Island of Indonesia with the demarcation

of the Solo River basin boundary and (b) dam, daily rain gauges, and the Cepu discharge point

a) Model calibration and validation
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Fig. 4.5-24: Comparison between observed discharge and simulated discharge at the Putupaula gauging station:
(a) model calibration for 2007-2008 and (b) model validation for 2008-2009

For the WEB-RRI model calibration, the model was set up to simulate the hydrological response of the
basin from June 2007 to May 2008 that included a historical flood event. Fig. 4.5-24 compares the observed
daily discharges with the WEB-RRI simulated daily discharges from June 1, 2007 to May 31, 2008, for
model calibration and from June 1, 2008 to May 31, 2009, for model validation in the Solo River basin.
The flow data from the Wonogiri dam was used as a boundary condition to simulate basin hydrological
responses. In 2007, there were two flood peaks at the beginning of January and March during the
calibration run. The model reproduced the hydrological responses of the basin satisfactorily, compared to
the observed records at the Cepu station with Nash equal to 0.93, MBE equal to 28.2 m’/s, and RMSE
equal to 169 m¥/s. Particularly, the base flow during the dry period (June to October) and the peak flow
during the wet period were well-calibrated in the model. For the validation of the soil and river parameters,
the parameters were kept constant and the model was used to simulate the basin hydrological responses for
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2008, and the results were compared with the observed river discharges at the same location. During the
validation experiments, the results also showed very good agreement with the observed discharges (Nash =
0.90, MBE = 35.8 m%/s, and RMSE = 169 m%/s). In addition, the simulated peak discharges during the
flooding periods and the low flows during the dry periods were well reproduced by the WEB-RRI model
for validation experiments.
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Fig. 4.5-25: Comparison between long-term observed discharges and simulated discharges from 1990 to 2009
(20 years) at the Cepu station in the Solo River basin

Furthermore, a long-term model validation experiment was conducted by simulating the hydrological
responses of the Solo basin for about 20 years, and the simulated river discharges were compared with the
observed discharges. Fig. 4.5-25 compares the model simulated discharges with the observed discharges at
the Cepu gauging station from 1981 to 1999 for 20 years. As shown in Fig. 4.5-25, the model-simulated
discharges matched the observed discharges during the simulation period, and the model performance
indices were well estimated (i.e., Nash = 0.52, MBE = 82 m’/s, RMSE = 201 m?/s).
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Fig. 4.5-26: Comparison between basin averaged 8-day WEB-RRI model simulated ET fluxes with 8-daily
MODIS ET from 2002 to 2009 for the Solo River basin

The accurate estimation of the ET component of the water budget in DHM is crucial for simulating
accurate soil water storages, flood peaks, low flows for drought estimation, and climate-change impacts
based on global warming scenarios. To investigate the WEB-RRI performance in estimating the ET
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component of the water budget, ET products from the MODIS were obtained and processed at a basin scale
for the Solo basin. The SiB2 model is capable of calculating ET fluxes individually from four different ET
components (i.e., soil evaporation, evaporation from ground intercepted water, evaporation from vegetation
intercepted water, and transpiration from vegetation). This capability of individually simulating each ET
component is a great advantage and provides an opportunity to investigate changes in land-use or irrigation
practices under changing climate conditions in future WEB-RRI model application studies. To compare the
MODIS-net ET estimates with the model-estimated ET fluxes, the arithmetic sum of all four ET
components of the WEB-RRI model was calculated and averaged on an 8-day basis at a basin scale.

Fig. 4.5-26 compares the 8-day averaged model-simulated ET fluxes with the MODIS-observed 8-daily
ET fluxes for 8 years (2002-2009). As shown in the figure, the MODIS fluctuates between ~0.5 mm/day to
5 mm/day, and the model-simulated ET fluxes and its trend agreed well with both MODIS estimated ET
fluxes. the overall model performance indices for the ET fluxes agreed better with the MODIS data (i.e.,
MBE = 0.002 mm/day, and RMSE = 0.86 mm/day, R=0.63) for the whole period. A portion of the errors
was also attributed to irrigation practices conducted for agricultural activities (paddy cultivation) in the
middle to lower reaches during the dry period. In general, the model-simulated results confirmed that
vegetation phenology and soil moisture dynamics were reliably incorporated within the model, and their
effects were reasonably simulated in estimating the ET fluxes. Therefore, the WEB-RRI model has the
potential to estimate ET fluxes reasonably well and could be improved further with improved model input
data. These results further confirm that the WEB-RRI model can be implemented for estimating past,
monitoring present or predicting future agricultural droughts as well as for land-use and climate-change

impact assessment studies.
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Fig. 4.5-27: Comparison of flood inundation extents for the 2007 flood event in the Solo River basin: a) MODIS
data, b) WEB-RRI model-simulated inundation extents, and ¢) WEB-RRI model-simulated inundation depth (m)

A major flood event was reported from December 27, 2007 to January 6, 2008 and the MODIS surface
reflectance data were used to estimate the flood inundation extents during this period and compared with
the model-simulated flood extents. Fig. 4.5-27 shows the maps comparing flood inundation extents from
MODIS data and the simulated maximum flood inundation extents from the WEB-RRI model for the
2007-2008 flood event in the Solo River basin, respectively. As plotted in Fig. 4.5-27 (a), most of the
observed inundation area was located along the main river of the basin and downstream of the basin.
Generally, the model-simulated inundation extents (Fig. 4.5-27 (b)) matched the inundation extents obtained
from MODIS data.
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b) Climate change simulation using MRI-3.2H downscaled data

The MRI 3.2H outputs of RCP2.6 and RCP8.5 emission scenarios . As same as previous, the output from
MRI 3.2H model that was downscaled to 4 km was used to simulate the past and future status of the
hydrological responses of the Solo River basin. The basin was assumed to have no dam (i.e. natural flow
conditions) because of the unknown dam operation rule in the future climate and thus no boundary
condition was provided.
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Fig. 4.5-28: The simulated monthly climatology of discharges for the past and future climates (a) at Cepu
discharge location and (b) at the Wonogiri dam location

Monthly discharges in the historical and future climates under the RCP2.6 and RCP8.5 scenarios were
estimated, and changes in monthly discharge were investigated. Fig. 4.5-28 (a) and (b) show the monthly
mean discharge for the historical and the future climate scenarios at the Cepu discharge location and the
Wonogiri dam location. Table 4.5-5 shows the projected changes (%) in mean monthly discharge for each
scenario at both locations. The results show that the Cepu location will experience an increase in river flow
from January to April under both global warming scenarios. Especially, RCP8.5 projected higher discharges
(~ 40% higher than those in the historical period) than RCP2.6 (~ 20% higher than those in the historical
period) at the Cepu discharge location. The Cepu location is also predicted to experience a reduced flow
during the September-October period, which is the dry season in the basin. During this period, RCP2.6
projects drier flow conditions (~ 30% lower than the flow in the historical period) than RCP8.5 (~ 30%
lower than the flow in the historical period). RCP2.6 also projects lower flow conditions (~ 30%) during
the November-December period, which is the onset of the rainy period in the basin, indicating the drier
discharge climate in the future under RCP2.6. However, RCP8.5 projects a slightly wetter discharge climate
(~7%) during that period. Overall, the annual climatological changes in discharge at the Cepu location
under the RCP2.6 and RCP8.5 scenarios are predicted to be positive with change rates ~ 6.9% and 31.2%,
respectively.

Similarly, the results at the Wonogiri dam location show that the Wonogiri basin will experience a
marginal annual flow increase (~ 7%) under the RCP8.5 scenario, and the decreased flow conditions (~
-13.5 %) under the RCP2.6 scenario due to less rainfall projection under the RCP scenario compared to the
historical climate. As discussed in Section 4.1.2, the significant reduction in the rainfall amount over the
Wonogiri sub-basin under the RCP2.6 scenario, particularly during November and December, is predicted
to result in a significant reduction in dam inflow down to 60%, compared to the dam flow under the
historical climate during these months. Moreover, as listed in Table 4.5-5, the river flow will also reduce in
other months (except March and August) under the RCP2.6 climate. The Wonogiri basin will also
experience a drier flow under the RCPS8.5 scenario from May to December. Therefore, a significant
reduction in the Wonogiri sub-basin inflow will adversely impact water availability for agriculture and
power-generation activities and thus sustainable development of the basin.
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Table 4.5-5: The rates of change in projected mean monthly discharge (%)

Location RCP Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov Dec  Annual

Cepu 2.6 24.0 1.3 38.8 16.5 -25.4 19.8 -44.1 391.1 -13.5 -44.1 -27.5 -33.6 6.9
8.5 53.6 33.9 46.0 29.8 -0.2 36.6 20.8 7.3 -11.4 -27.3 8.1 6.0 31.2
‘Wonogiri 2.6 -1.6 -2.9 38.3 -8.2 -54.8 -19.5 -58.4 620.8 -17.8 -70.5 -58.7 -65.4 -13.5
8.5 273 37.7 26.8 0.4 -40.5 -15.9 -49.1 -34.2 -40.9 -55.8 -12.6 -26.3 7.7
5000
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Fig. 4.5-29: Innovative trend analysis of future discharges under RCP 2.6 and RCP8.5 scenarios a) at the Cepu

discharge location and b) at the Wonogiri discharge location

To investigate the effect of global warming on simulated daily discharges, including extremes, at the
Cepu and Wonogiri discharge locations, daily averaged discharges were calculated for the RCP2.6 and
RCPS8.5 scenarios, and trend analysis was performed using an innovative trend analysis method. The plot of
the results from the innovative trend analysis method indicates no trend if the data points are laid on a 1:1
line, a positive trend if the data points exist in the top triangle, and a negative trend if the data points exist
in the bottom triangle. As indicated in Fig. 4.5-29 (a), at the Cepu discharge location, both RCP 2.6 and
RCP 8.5 scenarios show a positive trend in the future climate: the positive trend is clearly visible in a
hydrological regime above ~1000 m3/s for RCP 2.6 and above ~100 m3/s for RCPS8.5. The calculated
slopes are ~ 1.1 and 1.3 for RCP2.6 and RCPS8.5, respectively. The slopes of the trends become upward
suddenly for the discharges higher than ~2700 m3/s for both scenarios, and the daily averaged extreme
discharge will become 1.3 times higher than the historical extremes for RCP2.6 and 1.5 times higher than
the historical extremes for RCP8.5, indicating that the flood intensity and frequency will be higher for both
climate scenarios compared to the past climate. In addition, a larger increase is found under the RCP8.5
scenario. Fig. 4.5-29 (b) is the same plot as Fig. 4.5-29 (a), but for the Wonogiri dam outlet. Though the
discharge at Wonogiri under RCP8.5 will increase (i.e., the slope is ~1.12), the discharge under RCP2.6
will decrease (i.e., the slope is ~0.93) in the future climate. It is also important to note that extreme
discharges (three extreme discharge points are under the 1:1 line) under both scenarios will be less frequent
at the Wonogiri dam location.

202




(a)

. Tmundation Frequancy
(Numiber of years immdated)
I-5
Es-10
11-15

Historical

1620
- 24

River Network:

Fig. 4.5-30: Comparison in inundation frequency (the number of years with inundation events) during the study
period: a) the historical climate period, b) the future climate under RCP2.6, and c) the future climate under
RCP8.5
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Fig. 4.5-31: Comparison in all-time maximum flood inundation extent in the Solo River basin during a) the
historical period, b) the future climate under RCP2.6, and c) the future climate under RCP8.5

Fig. 4.5-30 shows inundation frequency (i.e., the number of years with inundation events) during the
study historical period and the future climate period under the RCP 2.6 and 8.5 scenarios. The results reveal
that flood events will frequently occur in the future under both climate RCP scenarios in most areas of the
basin, particularly in its farthest downstream areas and areas immediately upstream of the confluence point
of major tributaries located in the middle region of the basin. The results also show that the inundation
frequency in the basin in the future is comparatively higher under the RCP8.5 scenario than under the
RCP2.6 scenario.

To investigate the severity of the flooding condition in the basin under future climate, all-time maximum
inundation depth at each grid cell was also estimated from the WEB-RRI simulated results corresponding
to the historical as well as RCP 2.6 and RCP8.5 scenarios for future climates and plotted in Fig. 4.5-31. As
shown in the figure, both global warming scenarios show increased inundation extents for all-time flood
depth, indicating that it is likely that flood inundation area and flood risks will increase in the basin under
both future climate scenarios. As expected based on the results of future changes in rainfall and discharge,
the basin will experience higher inundation depths (> 2m) in more areas under the RCP8.5 scenario
compared to the RCP2.6 scenario. The maximum inundation extents were estimated to be ~ 160 km2 for
the historical period, 320 km2 for RCP2.6 (i.e., 2 times larger than for the historical period), and 966 km2
for RCP8.5 (i.e., 6 times larger than for the historical period). In addition to the all-time maximum
inundation depth, we also analyzed flood inundation areas (inundation depth > 0.5 m) with different levels
of flood inundation depth and durations for a flood event in each year during both historical and future
climate periods, as shown in Fig. 4.5-31. The figure shows that not only will flood depth be greater in future
flood events, but also flood duration will be longer in the future under the climate change scenarios. The
results show that larger areas will be inundated with greater flood depths and longer flood durations in
future flood events under both RCP climate scenarios. Flood inundation depth and duration under the RCP
8.5 scenario will be greater and longer in more flood-prone areas in future floods, compared to those under
the RCP 2.6 scenario. The results of this study conclude that the basin will experience frequent flooding
with greater flood depths and longer flood durations, and the severity will increase as the global climate
gets warmer. It should be noted that the WEB-RRI model simulation in this study did not take into account
the influence of present flood control structures.
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c¢) Assessment of flood damage in Solo River basin of Indonesia

Floods are the most frequently occurring water-related disasters in many countries, which can cause
serious damage to physical properties and loss of lives. Recently, the risk of flood disaster has been
increasing by rapid development and urbanization activities, which is expected to increase more in the
future by climate change impact. Previous studies have also reported changes in precipitation pattern and
intensity, and also changes in river runoff due to climate change. The flood impact on different sectors in
the flood-prone areas can be more serious in the future because of extreme weather events due to climate
change. It is thus essential to understand flood impact on different sectors under climate change scenarios
for establishing disaster risk reduction activities and adaptation measures. The quantification of flood
damage considering climate change impact is also crucial for managing flood risk in the future.

In this context, this study focused on quantitative assessment of flood damage to agricultural crops and
residential households (building and assets) under climate change scenarios using MRI-AGCM3.2S and
MRI-AGCM3.2H climate model outputs for the Solo River basin in Indonesia (Fig. 4.5-32a). Flood
damage assessment method for agricultural crops (rice crops) and residential households was developed by
integrating hydrologic-hydraulic model outputs and flood damage estimation model. Flood characteristics
such as flood depth, duration and extent areas were calculated using the water and energy budget-based
rainfall-runoff-inundation model (WEB-RRI model) developed by Rasmy et al. (2019). The values of
WEB-RRI model parameters were calibrated and validated by comparing the calculated discharge with
observed discharge for past floods. The calculated flood extent areas were also compared with observed
satellite-based flood extent areas for the past flood. Then, WEB-RRI model was run using
MRI-AGCM3.2S and MRI-AGCM3.2H climate model outputs for historical climate (1979—2002) and
future climate (2075-2098) periods, which were dynamically downscaled to 5 km domain using weather
research forecasting model and statistically corrected the bias using long-term ground-observed rainfall
data. The details of WEB-RRI model calibration and validation and WEB-RRI model simulation for
climate change scenarios can be found in the past annual reports (i.e., fiscal years 2019 and 2020) and in
the previous section of this report. The downscaling and bias correction of MRI-AGCM climate model
outputs can also be found in past annual report (i.e., fiscal year 2020) and in the previous section of this
report. To estimate flood damage quantitatively, a grid-based approach was developed by integrating
WEB-RRI model outputs, exposed elements, and flood damage functions. To assess flood damage, paddy
fields in the study area were extracted from the land cover map produced by the Ministry of Environment
and Forest, Indonesia (Fig. 4.5-32b) and the number of distributed houses were estimated based on the
LandScan 2013 global population data and the average household size (Fig. 4.5-32c). The flood damage to
households was also estimated using the projected population for the future. The flood damage curves for
rice crops presented in Shrestha et al. (2016) and for residential areas presented in Budiyano et al. (2016)
were applied to quantify the damage. The damage assessment method was validated by comparing the
calculated damage with reported data for past floods, and after validation of damage assessment method,
flood damage to agricultural crops and residential households was assessed for historical and future climate
periods under climate change scenarios using MRI-AGCM3.2S and MRI-AGCM3.2H climate model
outputs.
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Fig. 4.5-32: (a) Location of study area and topographical distribution, (b) Extracted paddy areas using 2010 Land
Cover map produced by the Ministry of Environment and Forest, Indonesia
(https://geoportal.menlhk.go.id/webgis/index.php/en/), and (c) Estimated number of houses using LandScan 2013
global population data produced by Oak Ridge National Laboratory (https://landscan.ornl.gov/).

Fig. 4.5-33 shows the calculated maximum flood inundation depth and estimated values of the rice crop
and household (building and assets) damage during 2007 flood event. The results show that flood damage
was more serious in agricultural and residential areas located in the farthest downstream areas of the basin
and areas immediately upstream of the confluence of the Madiun River, where the flood depth and duration
were greater and longer. Table 4.5-6 compares the calculated results of agricultural crops and household
damage with reported data, and it was found that calculated damage values were reasonably agreeable with
reported data.

N W ‘“
/ [ \
(@) (b) - (© s
o g
or W\* \‘\; r s
i s
- \ ; Jj} 7 S (‘)
L % gl f
| e
' M Flood VN Agricultural Damage ‘ - AR House Damage
Inundation Depth (m) X ﬂ (Million Rupiah) liy / (Billion Rupiah)
; :Igol’)i | [ los.20 - Pa 5
‘ -oi |>‘ . _ ‘ 20 - 50 4 7\‘ { ‘ 5.10
- by 1 oy 1 I 50- 100 o el )\ S B 10-20
o - B ; g - 100 - 150 ~ Sy ) . 20 - 50
-:1 I 150 - 500 I 50 - 100
0 15 30 B0KmM - 0 15 30 80Km .00 0 15 30 60 Km .- 100
S T Y S | O VY S O W - ]

Fig. 4.5-33: Calculated results for 2007 flood event: (a) maximum flood inundation depth, (b) rice crop damage,
and (c) household (building and assets) damage.

Table4.5-6: Comparison of calculated results of flood damage to rice crop and household with reported data.

Agricultural Damage House Damage
Value of rice crop Damage rice crop Houses Inundated Affected Population
damage (bil. Rp) area (ha) (number) (number)
Calculated 89.1 73,324 172,535 638,392
Reported 93.32 60,630° 165,117¢ 898,000¢

*Hidayat F, Sungguh H M, Harianto. 2008. Impact of climate change on floods in Bengawan Solo and Brantas River Basins, Indonesia.
Proceeding of the 11th International Riversymposium September 1—4, 2008 Brisbane, Australia.

® Directorate of Food Crop Protection (DFCP), Indonesia. 2010. Indonesia broad flood damage in rice plant: Solo River Basin. Flood
Damage Data Published by the Directorate of Food Crop Protection.

¢ Directorate General of Water Resources (DGWR) (2013). River management in Indonesia. DGWR.

4 Valiant R. (2008). Background paper on the Bengawan Solo River Bain. The 3™ General Meeting of NARBO.

Fig. 4.5-34 compares the calculated results of the annual average of damage agricultural area and
damage value of rice crop loss between past climate period and future climate period (using
MRI-AGCM3.2S climate model outputs) with different scenarios of growth stage of rice crops. Fig. 4.5-35
shows the spatial distribution of estimated average annual damage value of rice crop for past and future
climate periods if flooding occurred/will occur during the maturity stage of the rice crops. The calculation
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for the future period is based on the current condition, and flood damage for a future period was calculated
by only considering climate change impact. The results show that the average annual flood damage to rice
crops for future climate period is about two times higher than that for the past climate period, and rice crop
damage can be more serious in the future due to climate change. Fig. 4.5-36 compares the calculated flood
inundation areas and estimated rice crop damage between the worst cases from the past climate period
(1979-2002) and future climate period (2075-2098). The comparison of worst cases shows that the flood
damage to rice crops in the future climate period in the case of worst scenarios is 1.1 times higher than the
past climate period.
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Fig. 4.5-34: Calculated average annual damage (a) agricultural area and (b) value of rice crop loss for historical
(past) and future periods using MRI-AGCM3.2S outputs (average annual damage: average of study period (Past:
1979-2002), (Future: 2075-2098)).
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Fig. 4.5-35: Spatial distribution of calculated average annual agricultural damage (rice crops damage) for past
and future climate periods using MRI-AGCM3.2S outputs (For case: if flooding occurred/will occur during the

maturity stage of the rice crops).
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Fig. 4.5-36: Comparison of calculated flood inundation areas and estimated rice crop damage between the worst
cases from the past climate period (1979-2002) and future climate period (2075-2098) (using MRI-AGCM3.2S

climate model outputs).

Fig. 4.5-37 compares the calculated results of the annual average of damage agricultural area and
damage value of rice crop loss between past climate period and future climate period (using
MRI-AGCM3.2H climate model outputs). The results show that flood damage to rice crops under RCP 8.5
scenario will be more serious in the future than RCP 2.6 scenario.
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Fig. 4.5-37: Calculated average annual damage (a) agricultural area and (b) value of rice crop loss for historical
(past) and future periods using MRI-AGCM3.2H outputs (average annual damage: average of study period (Past:
1979-2002), (Future: 2075-2098)).

Fig. 4.5-38 compares the calculated flood inundation areas and estimated rice crop damage between the
worst cases from the past and future climate periods using MRI-AGCM3.2H climate model outputs. The
comparison of worst cases shows that the flood damage to rice crops in the future climate period in the case
of worst scenarios is 1.11 times higher than the past climate period under RCP 2.6 scenario, while it is 1.66
times higher under RCP 8.5 scenario.
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Fig. 4.5-38: Comparison of calculated flood inundation areas and estimated rice crop damage between the worst
cases from the past climate period (1979-2002) and future climate period (2075-2098) (using MRI-AGCM3.2H

climate model outputs).

Fig. 4.5-39 shows the calculated results of the annual average of household damage value and number of
inundated houses for past and future climate periods (using MRI-AGCM3.2S climate model outputs) and
percentage increase in damage household value and inundated house number in the future. The estimated
flood damage to households were also based on current conditions. The estimated value of household
damage for future climate period is comparatively higher (about twice) than that in the past climate period.
The results of household damage show that flood damage to residential areas will also be more serious in
the future due to climate change impact. Fig. 4.5-40 compares the calculated household damage between
the worst cases from the past climate period (1979-2002) and future climate period (2075-2098), and the
comparison of worst cases shows that the flood damage to households in the future climate period in the
case of worst scenarios is 1.16 times higher than the past climate period.
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Fig. 4.5-39: Calculated results of the annual average of the estimated value of household damage (a) and the
estimated number of inundated houses (b) for the past and future climate periods, and percentage increase in the
future (c) (using MRI-AGCM3.2S climate model outputs) (houses estimated based on LandScan 2013 global
population).
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Fig. 4.5-40: Comparison of calculated household damage between the worst cases from the past climate period
(1979-2002) and future climate period (2075-2098) (using MRI-AGCM3.2S climate model outputs) (houses
estimated based on LandScan 2013 global population).

Fig. 4.5-41 compares the calculated results of the annual average of household damage value and
number of inundated houses for past and future climate periods (using MRI-AGCM3.2H climate model
outputs) and percentage increase in damage household value and inundated house number in the future. The
results of house damage estimation show that flood damage to residential households under RCP 8.5
scenario will also be more serious in the future than RCP 2.6 scenario.
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Fig. 4.5-41: Calculated results of the annual average of the estimated value of household damage (a) and the
estimated number of inundated houses (b) for the past and future climate periods, and percentage increase in the
future (¢) (using MRI-AGCM3.2H climate model outputs) (houses estimated based on 2013 LandScan population).

Fig. 4.5-42 compares the calculated household damage between the worst cases from the past and future
climate periods using MRI-AGCM3.2H climate model outputs, and the comparison of worst cases shows
that the flood damage to households in the future climate period in the case of worst scenarios is 1.46 times
higher than the past climate period under RCP 2.6 scenario, while it is 1.96 times higher under RCP 8.5

scenario.
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Fig. 4.5-42: Comparison of calculated household damage between the worst cases from the past climate period
(1979-2002) and future climate period (2075-2098) (using MRI-AGCM3.2H climate model outputs) (houses
estimated based on LandScan 2013 global population).
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The findings show that the flood inundation areas and flood damage to agriculture and residential sectors
will increase more in the future due to climate change impact. The quantitative estimation of flood damage
to rice crops and households in this study under climate change scenarios can be useful information for
planners, developers, policy makers and decision-makers to establish policies required for flood damage
risk reduction and adaptation measures in the study basin. Identifying areas of risk based on the
quantification of flood damage also provides essential information for designing future development
activities in the areas. The presented quantitative flood damage assessment framework for agricultural
crops and residential households in this study can be applied in other areas and in data-scarce river basins,
and can also be applied to quantify damage in terms of economic loss.
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® [PREMEICH T AHEEMICKLE R /KET, BEKEIZEIT AKEICK L, FRkAE L mER

M DOFFRE R D 257 7 R SR TS LToKEZMZ TRDDL D & LTz,

® JEMFIREMEAHIL. AKFEEE, OF V| FrEBIT RIS T D MR TR ORI SIS &
L7,
HAIEE S0 o2 AT, EERE & PRk TR— & L,
® [fip/Kihds K OVEREMRR 1T FRICH 2 BAFICHERFE BE S 4L, ik OBRE D FERICH T2 D

MEFFESILD & LT,

b) BKEE RV DHERER

R L PERREEIZ I 5 . Wonogiri & MR &% ik 32 (X 4.5-44), 3.2S /RCP8.5
¥ LUV 3.2H/RCP8.5 TIEF3k, Wonogiri & A EFRIBEOFLEIBERESINT 5 & RiAEND Z &
D, AR SR, BT AR L e o7, —77. 3.2H/RCP2.6 TiLfFK. Wonogiri &
I BRI OFE AR ENED T2 & RIAEND Z &0 n, FEHHAR LR, BT 5K R
L7577, 32H/RCP2.6 O /47— AT Wonogiri % A _Eifil o Bk B2 A2 M & LT, fHk
JADREFNEDLDHIZD, V¥ VEMEDRDOIENHEDL Z ENBELZLND, Yy YV EFMID
BekiX, Ux U EBOIMIND LRI S OROPRIZ L > TRIEATER S D03, FRoA > R
DOOEENTE LD, Yy U EEBTHKENEDT LI DEEZLND,

Wiz, AT EDOMARELET S (K 4.5-45), 3.2S/RCP8.5 TIIffk, ##dH>H 8 H~10
HIZIFELT 2600, MlZ2FOICHARENKRE ST 2 b, FEETHRE HM
T 5 EHEE ST, 3.2H/RCP8.5 TILRFk, 11 A, 12 AZ LI AEN BT 56—, fif#o
1A 3 AT TRABENDKRE SHNT S Z 00 FEFHTHETHENT S LHEE ST,
3.2H/RCP8.5 TiXffk, 11 A, 12 HEHFLITIRABEBNKE SBADT 55—, WHIOFAEDHEN
13 ARRED 4 HRPREICR O Z 0D, TR T2 LHEES T,

s 80
8

T 60

2

px 40

g E

7 20

=

g 0

o

3.2S / RCP8.5 3.2H/ RCP8.5 3.2H/RCP2.6

M Past M Future

4.5-44 : Wonogiri & LR B O (HEXE, AR
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m Past mFuture m Past mFuture
1Y =R = 7 f—
4.5-45 : Wonogiri % 2% H P A EO g GEEREE, fFRE )

Wonogiri # L ~Dfi A&, Wonogiri # L7205 Ol lRER:, Wonogiri & A DRF/KE % - H H{L
THEAE L, BERUE & FERREICB T 2FROKFTE R FE 2 ik 5 (¥ 4.5-46), 3.2S/RCP8.5 T
IRk, FPERMAENRKRE HMTEHZ 0006, KFELFED 7929 % (BE) 205 90.61 % (fFf
K) ~EREHEMUT, 3.2H/RCP8.5 TIEfEk, FEHMAERNETHEMTHZ Lnb, KA
B 89.88% (WE) 7D 9293 % (fFk) ~EHATHIM L7, 3.2H/RCP2.6 TIIFEk, F 1%
MAENDT 22 &6, KERED 89.88% (HE) 7D 81.84 % (FFk) ~& b L7, 3.2H
/RCP8.5 TILfEk, 11 A, 12 AZHFUICMAEDKE BT 56—, WO NE 3 AR
D4 HAPEIZROND Z Enn, FFEETIEED T iR E 7 o7, LAEX V| RCP8.5 DHEHIT
F U A TR, KIEERN A LT 5 —T7. RCP2.6 DHEH S F VU A TlE, AKFEEEMETFT 5 &
VN REFRI 7o HETE RS RS BTz,

100
o

e 80
b

3 60
£ _
EX 40
Z

- 20
g

g 0

3.2S /RCP8.5 3.2H / RCP8.5 3.2H /RCP2.6
M Past M Future

4.5-46 : Wonogiri % A FIEBUKHLARIZI T 2K FE RO il GRERE, P& )

Wonogiri % A Pt OFEREXIETix, 11 A5 2 AETZI1H (MTD). 3 A6 6 AT
H MT2), 7 A6 10 AZIH (MT3) & L., FRZE CCTKMBEEM LTS, 7B, KR
DR TERWREIZONTIEL, N F v 3 a—r R EOEFEEDZEHIT L TnD, mE
S, REREEICEBT 290, MIBIOKTFE R E LI, BT AR imAd 2 HEE L2/ R 2 X
4.5-47 T, 7o, UEEKIROKHOEMmEMAEIL, HAK T 24,492 ha (2010 - 2015 FAFEDOFHH|
i) Tdb, EMTATREmfEIL, @ELSETIZIE, T8, MHONETIRWEER S 25, TR
= ClE, 3.2S/RCP8.5 BLN32H/RCP2.6 DA —AT, M#, T#H, MPDIETEVFERLE /25
*ﬁ.ﬂHH&%S@#—ZTi H% M, THIDNETIRWFER E o7, THIOIEM T AT

BEMERE NS WEL R X, i TR LTI AKETSEATE A0 EEZ NS, T HICBIT
5¢HT75@@®k@ \nﬂ\uﬂ IR A DFRAD A3 EIEE T, EF T 2B TE S
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HEDNRONZZ &Ik b B2 65, MNCEIT A1EM T TRBmEO KB, Yixdlidocx
HHWETH O . MIHIEEIC ¥ DA STV AR EISIS U TEM TR I SR L & 2
LD, FEREEEIZI T DR T rIEmfE OHEEMIL, 3.2S/RCP8.5 33 LUV 3.2H/RCP8.5 D7 —
A CIREZBECBIT 2HERA EE D —J7, 3.2H/RCP2.6 D47 — A Tl EREI BT 5 HEE
Z Tl A L 22 > 72, 3.2S/RCP8.5 3L 1N3.2H/RCP8.5 DA — A TliE, 8 A5 10 HIZhT T
FrAKA~DORA BN DT D20 00b 59, X LAORHEZEIC L 0 ffke, HERErTRE AL DB K
NTPRESNDFERE /25T,

70,000 70,000 70,000

60,000 | 3.2S / RCP8.5 60,000 | 3.2H / RCP8.5 60,000 | 3.2H / RCP2.6
50,000 50,000 50,000
40,000 . 40,000 . 40,000
30,000 . 30,000 .20 30,000
20,000 . 20,000 | 20,000
= = W == il o
0 0 0
MT3 Sum MT2

MT3  Sum
M Past M Future M Past M Future M Past M Future

4.5-47 : Wonogiri % A T UHEMEXIEIZ 51 2HEM rTeemfg o bl (TH#1, M#), I, @4)

Average irrigation area [ha]
Average irrigation area [ha]
Average irrigation area [ha]

WELE, FERAEICEBIT D a A HaEE P L7k R 2, X 4548 1R d, 22 C, HALHE
H7=0 oz AEPERIX, Wonogiri % A T OREBEXIROAMET S 5 I (Kab. Klaten, Kab.
Sukoharjo, Kab. Wonogiri, Kab. Karanganar, Kab. Sragen) (23515 % 2010 4 - 2014 4D SEHEE O -
BED, 1 ~7 X =BT 5865 Frk iz, £, HALEEHZV O AMikkix, BHHO
THE SN DE I DOIRD 2 A DEG I T, A > KR 72LICBT 5 2015 44 H OAfiks O
BIEL D, 1 Fo®H720 470 BV ET 2484 L7z, Wonogiri % A Tt OFEREXIRIZ 1T % 2 A
HIfAEIL, #120F 3.2S / RCP8.5 D7 — A Tld, MEXMET 158 LT & FRIESH D DKL,
FEREET 1.80 JKAVET & FRIE I, BKREEE Y A7 Xk ARBT 5 b0 EHEE Sz, £,
32H/RCP8.5 O/ —ATH, =2 AMMAITIERIER L, K A7 MRS 2 LHE sz, —
77.3.2H/RCP2.6 D/ — A TlE, i EAU5ET 1.80 kL BT & FHI S D DK L, k& Tk
165k ET PRI, BAIEEY 27 128k, AT 0 EHEE Iz,

3.25/ RCP8.5 3.2H /RCP8.5 3.2H/RCP2.6

2,000
1,500

1,000

[10°Rp.]

500

Yearly rice product

0

M Past M Future

4.5-48 : Wonogiri % 2 T URIEMEXIBIZ 51T 24/ = A AT O el O ESE ., [FRAE)

(7)) FEERRE~D

AR Y | Wonogiri 4 A FIROBEMEXIIZI5 1T 2 = A HfERIE, 3.2S / RCP8.5 33 L U3.2H /
RCP8.5 D/ —ATHIRT H—J, 3.2H/RCP2.6 D/r— XTiﬁ&Ték%méﬂto::T@
WEHIK D 2 A HATFEOZAL P ESRF IR T B OWTRET S, 22T, TIXPEZE
@%%%%wto%¥@%%&m\%éﬁﬁ_kwf\*m%ﬁ(L%lﬁﬁ)_\F%(ﬁ%x
BT, Fatle EORBFFERMT- 12T (£ 7)., P—ERICET 2B 21TFENTE L D7k
Thb, A2 RRITEFPEY v UM TIEL, FEUNFEHRIC L EEEBERIER I 41, 2021 4 12
A RFRCTIL, 1988 4, 1993 4F, 2004 4F, 2008 4F, 2013 FFDpEFEHERIER A Web TAFHHRETH 5,
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2013 FERRPEZEEBIR 2 -V T, 2 AEFEFAOIEN Y v U MAN O SRFICKIT TR AR
B, 4571007, BlzIE, 3.2S / RCP8.5 D7 — A Tik, = AEFEROEANLE D B4
RN 22T B ETHEL D L & BT, MPEEDEFEFREDRN STIEAET AL, &t 2,841 (B
NET ORFENRNDELD EE STz, F72, 32H / RCP8.5 D7 —AIZBWThH, &3t 1,251
B ET ORBFHIRENEL D ERAE SN, —F., 3.2H/RCP2.6 D/r—ATlL, 2 A EPEREDHK
DT D ERERNEN~ A F A 1517 (BAETHELD L &b, MEEOAEEFREEN~ A T X
BBIEBLETEL, Ait~A T A 1898 BN ET ORFIENEL D ERE SN,
RFDEOEF D S B AIMBEOHE S 35 D D EIA T, FFEXEINE T 5 E 129% Th D,
AFLTeT = DI35 A Lo IMIED 5 HIEE TR SN D FIE B ARIC, (IMilfE o 24k
NH BT AEFEDFITREATE 20 L00, HEICERINIEEZ —EEICHE L TRE
THE, BREFDRENEIBIHERT D EEZBND,

K 457 I AEFEROEBICAE O RFRR AL EHAVET)

EER IREEFFHEE At T hRmfE DI85
AGCM3.2S / RCP8.5 227,079 57,052 284,131 207,005
AGCM3.2H / RCP8.5 99,971 25,117 125,088 91,133
AGCM3.2H / RCP2.6 -151,689 -38,111 -189,800 -138,279

WIZ, 2 A DEFEFHOHERN S 12 6T AEFENREZEENNCHAE TS (X 4.5-49), RFEITH
WBEEEANEIE, 3 AEERIUD LTS 19 NETHS, T ADERL, fHk KE, BE. &
fl, REPER EDOY—EREMOLEEZFRET D —T7. 3 AL DA OREELOAEELZFHIET
BANREMOTHD 2 L b hoT,

250,000
& 200,000
o
= 150,000
£ 100,000
AR
8 50,000
i n
:H_l 0 ———— . Eme—, - -\_l _— e e W= _— m— _-_—
K N 8 08 #% #% # £ 3k H X K #H =< W # B HK &
S ~50000 L& oK & 0 O&E M OR OE N B g H KW
5 o B e E X @ ok K oy @
& -100,000 @ 8l B 2 E R R - S
ol ’ 2 2 B @& w Ed N fH K-
-200,000 S 8 e -~
RV K
A
BAGCM3.25/ RCP8.5 MWAGCM3.2H /RCP85 [HAGCM3.2H/RCP2.6
B 4.5-49 1 = A DAEPERAO IR fE O PESENEPERS TE N R
(1) £&0

A2 R T E Y vl & i8I0 #E 5 (1979 4 11 H-2002 459 H) B X ONEEk& % (2075
11 H- 2098 4210 H) 12815 ¥ A AR, ke, s, M TREmEEsm N L, KEE
LD Y a IRk DVE ARG EHE U A 72 DWW THEE L7z, MATORESE. 3.2S/RCP8.5 35 L UV 3.2H
/ RCP8.5 D /r— ATILREk, BAKENEEML, £z, KM ~OMARELEKTHZ b, X
RO KT D EHE SN, —J7. 32H/RCP2.6 D/ — A TIIEKRENBA L, F7-. Ik
~OMABEBDT D LD, IWHEELRDT 5 EHE SNz, B, ARFHCIE, FEkick
T AREKEDEND 5B, ZAEMEOELE AL TIIWD OO, Bl EEEH T KK
BOEACIZ OV TITRGAATIZW W, SRIFIVNE L R DK EDOELIZOWTHET S & &
BT, FFREED TRGE RIS Bk OEH O G E LI DWW TRFT 2D 720,
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45223. S[ELEBESEORED-HD TSy b 7+—AIZEIT5ED
1) Z4VEVIZHEITSEE

T4V ORI HICBT 2RBELEBEICKOEELZHNE LT, O HNOKE T AT A
(Online Synthesis System for Sustainability and Resilience: OSS-SR) | D%, @FM#H & Hilaktt:
Leaa=T 4B (772 VT —H—) OFK., ITHEY AT, 0SS-SR OFIFEIZOVWTH
ANAT T, VT A LAPOKEER - Tl & KUEZ B O E &FEGIZ B3 2 B s il 72
ks L OV R %A OSS-SR CHE TX 2HREZBAF L7z, & HIC, 2N HICEE#T 5 10 =2~ D AR
MR ETNOITHT LR 4 a~vDOEREBIHEL FE FaE/R e 7 —=2 7 HRE D OSS-SR IZBHZE L
Too € 7—=V THBIT 2 —F =DV O THRIHATRE TH 5 A3, 0SS-SR OFERERCEIR T 5 Bk
WP 282 L0 —JgiRs, B ORI & IRt S A AICR S 7 7 U T —2—L L
TIHEBETAAMMEZBERTA2ZE2HME LT, V=2 a vy 72 2 ERMELE, 1 RIBOT—2
va v 7T, 20214 H 19 BD S A 14 HETOR 1 H 20 TRIELE), HokEHL, 5
YR 7EGFIZET 5 10 a~O AP RERICOWTIIEDAE v v a U OEMEy v a v 26
L., ZEERDENG 294 DAT — 7 RV E—=NEM LT, 2BIHOY—27 3 v 7 TlE, 2022
1 H 17 A5 28 HETOR 2 BT OSS-SR OiFE TN Y — K~ v F1ERR, falsEHEt
B, VAV ala=l—ralplIlT54a~DN XG0 Mo—=0 T 2FEREL 31 DA
T RNVE—=NBI LT, ZD KT 0SS-SR #IEH LIRS T v 7T A THRATEAMM
T F—E—L LTSt A 2 as o — g VR REELYIRY T T —%
M L& 2 & CRIEEBEICR OFELHEE L 72,

2 A1V ERITIZEITEEH

AV RRITIZBWTIL, K[UEEENEISR O FEED T DD T 7 v N7+ —MEBDO—B & LT,
AR D Y 7 IR O RGBT MO R REFELTEH L, 4 R0 T OFTEBH Y %2 x5
Ellce7—=v7 U= ay” IREEH FIZH T HKEEL Y = R &Rkt rTREZRBH
) EBMELTL, 20 e T—=7OHMIL, [ELEEHCES LIKBEEKEO LY = AD
TELROFRHRE FTRE 72 BRIE D 72D DY FH D AFF B R OB TBAEBA R o@Dk TH v | 1 >
R TN, A S - FERAEEE (PUPR) . [EZ P 5T (BNPB) | A& X5 - HIERP BT (BMKG) |
BRiG - RE (KLHK), 34 (KP)., [ENIMUZEFHEIZEHT (LAPAN) OFF 6 B4R 6 A5 35
BOITBH Y E RSN LT, FRFEMITHTZ0 . AR O NBE BAKIERBORAT FE R, [E
+ASEA . KRBT, KETEMRE, JAXA, HIERZ2CH 2 W70,
e 7—=V 7%, Ta—2 | [EBEEHORE), Ta—2 2. BFOR], T2—2 3. EEEH)
Bl O3 50a—ATHERR L, [a2—X 1. [UELBIORE] Tl Y vk o KipE 28 8h 5 25
Tl —ARRT 4 & LT RUEEBN AT T LSO RS R O A VA I DWW T, T3 —2X 2. B
OB ClEpikiaKCE2 22 KBRS 72 B ARBUR O BGHSE 2 F61 & U 7= SR B o5 5 R
ZREIT DB OB OEERLHR Y i R&E T 7 g L NIHONWT, [a—x 3 @HEEHGE] Tl
AV KAV TDHALAFATO D 27 N THDHIAXIFX LR Y B U X LAEFH L LI-Z L ED
ROWE - EEREE ORI EREH OUGEFIEEIC W T E AR AT 17,

Fo. Al e 7=V I3 REECTOEBICEE LT, FEREERLICINATA > RR U T HEG T COM
AR LT B A BEAICRMET 5 L &b, BEORHICONWTH A v RRUTRETCHE %
ZAT T, £, a— 2SR LB Y —2 9 v 13, A2 RRUTEE - AAGED[FRE
&AW TITo 72,
e T— =V T DOBNINE 32 LNRAOEUELTE- L ETIHEAENFLZEINT-, 2 OZHE 1T,
e T—=U U= ayTREBLUTHEH LERSR, KL, VAR AL MEDSTOF
PRV R AR E 2, B ATREME L LYY 2 R A E O LBORDNSE L ETE ) — T 577U
T —E LUERT A2 EDR MG EINTWD, ZOXIRENHE T 0 7T AEE L, o8
Wi 72 BORNL R D3R D B 5 R[EZEEHEIGS R OMGHI HT2 0 | FRCATTRIOEEEICE R A2 Y T
77w N7 — LOR RO FEEITH#R LT,
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45.3. 5 hMEDQZFERAR R
453.1. ZIFN (Z4VEY) BRUVAN (£ FRVTP) xR E LI-EEMARREKT—
2 DERL

7 4 U B s BF)IRER IOV TiE, MRI-AGCM3.2S i ERE (1979~2003) & FF k&6
RCP8.5 (2075~2099) D4 25 4ER], L U'MRI-FAGCM3.2H (60 km R4 E) diEEmE (1979
~2003) & fFk&ME RCPS.5 & RCP2.6 (2075~2099) D4 25 FEMDH T v A r—1) o T HE 1T
7,

fEI AT T /L & LT, Weather Research and Forecasting (WRF) E7 /L ver3.7.1 7=, &
TOVEEIIL, BEIThND HIETHD 2 EALAT 47 & L, SMll%E 15km A > 3= ® 100X 100
¥~ (1500 km PU 7). PfIZ 5 km A > 20 79X 79 ¥+ (390 km PUJ5) & L7z, #HiEJ=EIX 40
BThHbD, FBENT AKX ¥— 3 % Kain&Fritesh % AV 7=,

3.2H ® RCP8.5 & RCP2.6 TlX. Z U A v A AN~ v L T2 L D31 7 AHIEH I AN &5
BUNEIZTVMEZ 7R L=, —J7, 3.2S @ RCP8.5 1&, EXED B DR EI R /2 A8 %2R L,
NA T AHIEIZE > TH ZOEOHIENH L= B OEROLRANT DL & Lz, 7.
R RBEKREARNY MCEBRL, EETDOIHERA XN ME 7 40U B RKHERY LK SR
(PAGASA) DAREE &g U, BLEM 2B R AERE L 72D L OET VHEEER T H0 L,
WEZIT- T,

KA NNFRIBANZ I 2 T OFE R, fFskeiifE &R 5D A i EOMEIE#E 72 v | RCP8.5 Tk
HZEDOREITZ2 NS OO, IZFEIITNENHM L7, —7F . RCP2.6 TIINFEDONEITITZE
RNEOO, BAEONENED U, 72, WiRNEOMEE X RCP8.S T fERIEI, RCP2.6 T
IR & S ERIZ e o 72,

F7-. PRETC. RV CHER L7 HFRHE T v 27— v T DEF O TIEL, CMIPS #iEf
W2 T A —0 U 7 T AEFIMEDRRET ATV, T OZGYEIZ DN T BE LT T,

A2 RRY7 « Vo)l Tld, MRI-AGCM3.2H OilES ., k& # RCP8.5 & RCP2.6 ®
FTNEN4FEMD K 7 A — ) v THE Z4T o 7=, fal & BT /1 & LT, Weather Research and
Forecasting (WRF) E7 /L ver.3.7.1 Z /-, &7 /LHE0IT, KFRIFE 5 km 0 99X 99 £+ (490
km PUJ5), $REJEIX 40 8L L, FEEAF—LEL L WVWIBRETH TV A — 1 VT HEEITV,
EFHBLAME IR IDVWVEZ BT 5 2 R TE T,

PRI H VR, RZRICITEAN L, RCP8.S THEEKL LI T 5 LW ofER™M SOz, &
T BRI 96 HE N E OB RTINS . 1/10~1/200 KN & AN RN % = & 288 ST/

ST,

4532. WEB-RRI ETI/LDBF L HK - BKBEEFEY R DHTE

T4 VY ERAFNFRIBL A o R T - v )Isca sEAC RN HLE (WEB-RRI)
ETNVEBREL, fIROX 72— U TFERZ RO TRSEOUK « EKRIEEY 27 OHEE %
1Totze F1-. ZAAFNFIZEB W TIZ WEB-RRI EF VO ERELERSI LT 04
A A —)LD RRIET/V (40m k&) ZHREFE LT,

AN LTk, BN ET — 2N Z L2 &5 CHIRPS O ERNET — % &
T Lacson M2 1T A EHH & & FEEE %2 L4 25 2 & T, WEB-RRI £ 57 /LO{[1E - £
FERRBEE D /R T A — X Z[AE LT-tk. 2008 FEDPKA X2 N TRIE LTZET VO LMEE MR L
2o =L T, #5172 WEB-RRI T /VOHEiiEREEZ /NT o HA A —/L® RRI E7 VO Lt
BEREME LTHRAT 2 T, K 0FEHRRARNZRET 2 2 ER8AlfeL 7eo7z, LT,
R LT V2 AW lERERS LORCPS.S v U dFofkcEicBi 2k 2 21—
2 &R FER LT, TOMRE, WmEKBEICHAS, FERKEIC W TIIN G O FAE L, 1]
JIED L —ER DO E R AT D Z 0Ny oTlz, ZNOOFERENDRANEET LY T
OV KIEE OFE MK R 2325 2 ERAMREL 22 0 | FER~DOPAKBE Y 27 OBBIZE
T HHIED T BN,

Ve ) B LTk, WEB-RRIWCK VRSN DRAT Y 7 BKES, MoiIE2 v
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T, fEkDK - BRI ERZE TR AZIT>72, RCP8.5 v U AIZE T Cepu His % Y Wonogiri
HSIZEBWT 11 A~7 B2 CTRENENT 2 —F, R H7=5 8 H~10 ATt E& O
DR E Tz, FEREEICE W TR 2N L, RCP2.6, 8.5 > U AL b, BESIND K
KiZ/KmEAE, FBERKEITHE KT R E 20, k) 27 ST 28R 2 E&NIRT 2 &
MT&ETz, o, BERKBENOKBLEZRICER L, FfECEEBORFHREFE LM T A%
—AERET L, BOKIC X D RFERHOHEH 1T o T2,

Flo, WERE (1979 4F 11 H-2002 49 A) I LOMEREUE (2075 4F 11 H-2098 4F 10 A) (1
B AKX AWAR, IKE, i, EErTRmEZ BN L, KUEZENIME S Y a1k o Bk
PEY ZAZIZOWTHEE Lz, £7o, IFKA~OMAELKTHZ b, INHEELIKT S
LHEE S, —J7. 32H/RCP2.6 D47 — A TIIMAKENHA L, E72. BpAKM~DF A& b
PFHZ D, WHEELBDT L2 EREEIND,

45323, SUEREREEERDORED-HD TS5y b7+ —LIZHITS5ER

T4V ERFHOA  RR T« Y u IR T 5 KA s R O R E A A
MELT, KOV REKEICETIHT T v b7+ —20) OFEEBRE & FEhighEic >0
Tz ATV, BWISREEDT-DODOFEL LT, KEEY RZ7EWOT=OOT —5 | Fik, 1§,
eBR, 2 TN B AR AERS LTz TEIO#ES > A7 2 (Online Synthesis System for Sustainability and
Resilience: OSS-SR) | #HEER L, Zhax A T4 VHEEOLETIEMT 5 Z L1 LV | R FEd
EABICEERT 20N 2R 7 7 vV 7T — X — 52 FRTHEHE e N2 A L L THEDDH Z L
L7,

74 VB DX ASFTIZE W TIEL, 0SS-SR DBAFIZOWT, U T H A APKEER - THI &K
RSB D TE BRI B9~ A BHFEATHY 72 5 #ds L OV L% OSS-SR | CH'E T % 2 H&%6E
BRI L7=, 512, ZHICEE#ET 5 10 a~D AL T 51Cxd 2B, 4 2~ DO LA
EEFEARER ¢ T—=V JHEEELBIR Lz, ¢ 7—=0 ZHEEIT WO THRIHAREETH 508,
OSS-SR DOHRECRAMR T D B HAMIC R 2 B A4 1 0 — @R | Bl TR AHT & Hulgorh 2 2 #8
HIZBS 77 v V7 —2—L L UEBT A AMEERLTHZ 2B ELT, V=Y vav 7%
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4.6. FEAFFBRBREICHYT SHinE/NT— FOREETE

Audrius Sabunas, £ {5 A CRUARZEY; SAFIERT)

The compounding effects of storm surges and sea level rise (SLR) are expected to accelerate coastal
hazards and inundation. Therefore, projecting the compound effects in coastal territories is important for
impact assessments and adaptation. Small island states in the South Pacific are one of the areas that are the
most highly impacted by climate change. Storm surges are caused mostly by tropical cyclones (TCs), which
may result in a significant portion of the population being temporarily displaced by infrastructure damage,
flooding and erosion. Meanwhile, SLR is changing coastlines permanently and may result in a lasting
displacement of the exposed population. This study focuses on Viti Levu, the largest and most populous
island in Fiji, and estimates the impact of SLR and storm surge on the coasts and population, by using data
from observations and future projections to estimate the angle of approach, occurrence frequency, and
intensity of TCs. Based on the findings of this study it can be inferred that while Fiji has had a long record
of TCs that hit its islands, SLR may become a more significant phenomenon that shapes climate-related
migration. While a milder increase in the climate radiative forcing (+2K scenario) will increase the exposed
population less dramatically compared with a sharper increase (+4K scenario), we conclude that either
scenario would result in a significantly higher number of the population exposed during future storms ([X]
4.6-1) .
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4.6-1 : Weighted average value of exposed population numbers under different storm intensity and climate
scenarios (50- and 100-year events under the +4K, +2K and historical climate con-ditions) and individual

contribution of SLR and storm surge (er-ror bars: max and min values under different wind directions).
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