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ANALYSIS OF FLOODS AND DROUGHTS FOR PAST
AND FUTURE CLIMATES IN THE BAGO RIVER BASIN,
MYANMAR

Ilpeocmasneni pesyromamu OYiHKU PUSUKY NOBEHEU [ 3ACYX 3 Memow OYIHKU 3MiH
kaimamy 6 6acetini piuxu Ilecy, M'snmu. Monens onadig-cmoxig-3amonniennss (RRI) Oyna
BHUKOpHUCTaHa Juisi MojentoBanHs moBeHi B 2011 Ta 2014 poxkax i imitamiiina monens RRI
3aroryieHHs 2011 p. cxoska Ha CTyIiHb TOBEHI 3a CYITyTHUKOBUMU JaHUMH. /[pousni IOBEHI Ta
3acyxu OyJii BU3HAYCHI KIJTbKICHO, BAKOPUCTOBYIOUU craHOapmu3oeanutl inoexc onadie (SPI)
Ta cmanoapmuzosanuil inoexc onadie esanomparncnipayii (SPEI), a nopiBusmeau SPI (¢SPI)
OyB BUKOPUCTAHMU JJIs1 OL[IHKH 3MIHH OTIaJIiB MK KIIIMaTHIHUMHU MTokazHukamu 2075-2099 ta

1979-2003 pokis.

Kniouosi cnosa: nebesnexa nosemi, nocyxa, mooeivb onadie-cmoxie-nosereti (RRI),

3MiHa Kaimamy, 3MiHa Kiimama, ammocgepHa modenv 3azanvhoi  yupkyasayii (MRI-
AGCM3.2S)

IIpeocmasnensvt pesynbmamsl OYeHKU PUCKA HABOOHEHUL U 3ACYX C Yeablo OYEeHKU
uzmeneHuil kiumama 6 baccetine pexu Ilecy, Mvanmuvl. Mooenb 0cadko8-cmokog-3amonienHus
(RRI) oOvina ucnonvzosama 0ons moodenuposanusi HagooHenus 6 2011 u 2014 2o00ax u
umumayuonnas mooenv RRI 3amonnenus 2011 noxoxca na cmenenb HABOOHEHUSI NO
CNYMHUKOBbIM OaHHbIM. TIpouinbie HABOOHeHUs U 3aCYXU ObLIU OnpedeneHbl KOIUUeCmE8eHHO,
UCNONIBL3YSL CIMAHOAPMU3UPOBAHHBIU UHOEKC ocadkos (SPI) u cmandoapmusuposanHulil UHOEKC
ocaoxos s6anompancnupayuu (SPEI), a cpasnumenvuwiii SPI (cSPI) 6vin ucnonwzosan 0ns
OYEHKU UBMeHEeHUSL 0CA0K08 MedicOy Kiumamuyeckumu nokazamensaimu 2075-2099 u 1979-2003
20008.

Knrwouesvle cnosa: onachocmv  HABOOHeHUs,  3ACYXU, UMEHEHUe  KIUMamad,
ammocghepnas mooenv ooweti yupkyaiayuu (MRI-AGCM3.2S)
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Floods and droughts are analysed under climate change in the Bago River Basin,
Myanmar. The Rainfall-Runoff-Inundation (RRI) model was used to simulate 2011 and 2014
floods and the RRI simulated inundation of 2011 flood is similar to flood extent estimated from
satellite data. Past floods and droughts were quantified by using the Standardized
Precipitation Index (SPI) and Standardized Precipitation Evapotranspiration Index (SPEI)
and the comparative SPI (cSPI) was used to evaluate the change in precipitation between 2075-
2099 and 1979-2003 climates.

Keywords: flood inundation, drought, climate change, atmospheric model of general
circulation (MRI-AGCM3.2S)

Introduction. The Bago River Basin plays an important role for agricultural
production of paddy rice in Myanmar and its socio-economic development is impacted flood
and drought disasters [1-3]. Frequent flood events have caused major economic losses to paddy
rice agriculture in the Bago River basin and these flood inundation hazards may intensify in
the future climates [4-8]. Therefore, this study investigates changes of floods and droughts
between past and future climates in the Bago River basin.

Study area. The Bago River basin with a catchment area of 5,348 km? is located in
south Myanmar at the tropical monsoon climate zone (Figure 1). The Bago River with length
of 331 kilometers flows from the hills of Bago Yoma at about 760 m above sea level (masl) to
Yangon through the city of Bago, where it confluences with the Myitmaka River at Yangon
City and becomes the Yangon River (Figure 1A). The Bago basin has average temperature of
33 °C in April (hottest month) and of 21 °C in January (coldest month) with annual average
rainfall of about 3185 mm. The coastal flood plain area is the main source of the Bago region
economy from wet and dry season agricultural activities, see Figure 1B. For the dam
infrastructure, Zaungtu Dam with 0.41 km?® storage capacity was constructed for electricity
generation in 1996 and Kodukwe, Salu and Shwelaung Dams constructed in 2012 to provide
irrigation water supply for downstream paddies during wet and dry season cropping (Figure
1A). All four dams do not have flood control capacity for reducing flood peak discharges
during rainy season making the coastal flood plain area vulnerable to flood inundation (Figure
1C). In Myanmar, the threat of flooding usually occurs in three waves each year in June, August
and late September to October while the highest danger level is anticipated in August due to
heavy monsoon rains [1]. During the monsoon season, flood inundation depth affects planted
paddy rice in the early growing stage in the Bago River basin.

Flood hazard assessment. The flood discharge and inundation depth were simulated
with the 15-arcsec (about 0.5-km) grid Rainfall-Runoff-Inundation (RRI) model [9], which has
been applied for flood hazard assessment in large and small river basins [10-12]. In the Bago
River basin, the RRI model was constructed using global datasets and simulated with local data
of Zaungtu and Bago stations (Figure 1A). The 15-arcsec resolution Digital Elevation Model
(DEM), flow accumulation and flow direction data were obtained from HydroSHEDS [13] and
global land cover data were used to identify the paddy field, cropland and others land cover
types [14] (Figure 1B). For the Zaungtu and Bago stations, daily precipitation, river water level
and river discharge data were collected from the Department of Meteorology and Hydrology,
Myanmar, for the 2011 and 2014 floods with 9.6 and 9.4 masl flood water level, respectively.
The RRI model simulated discharge of both floods was evaluated using the Nash-Sutcliffe
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Efficiency (NSE) [15]. The 2011 flood inundation extent on 13-20 August 2011 compared with
Normalized Difference Vegetation Index (NDVI) estimated at 0.5-km grid from red and near-
infrared spectral reflectance measurements of the MODIS Terra Level-3 8-day composite
products (MODO09AT1) [16] (Figure 1C). The NDVI threshold was selected as 0.2 for the Bago
River basin and resulted in the flood inundation area of 566 km? for Thanatpin and Kawa
townships. Severity of 2011 flood was compared with the Standardized Precipitation Index
(SPI) [17] estimated from observed long-term daily precipitation data for analysis
meteorological droughts and floods. The Standardized Precipitation Evapotranspiration Index
(SPEI) was also used to indicate agricultural droughts obtained from available database of
global coverage at about 55-km grid [18, 19]. Both indices have the same wet and dry scale
due to standardization: extreme dry (SPI and SPEI <-2), severe dry (-2.0<SPI and SPEI<-1.5),
moderately dry (-1.5< SPI and SPEI<-1.0), near normal (-1.0<SPI and SPEI<1.0), moderately
wet (1.0<SPI and SPEI<1.5), severe wet (1.5<SPI and SPEI<2.0) and extreme wet (2.0<SPI
and SPEI).

Climate change assessment. The climate change assessment of flood and drought
hazards was conducted between past (01/1979-12/2003) and future 01/2075-12/2099) climates
using the calibrated RRI model and comparative SPI (¢cSPI) approach [20], which has been
applied on the river basin as well as regional scales for several standardized indices [20-22].
The cSPI was designed to investigate climate change impacts on the basis of past climates and
preserves the same scale of wet and dry climate conditions as described for SPI and SPEI in
previous section. For the Bago River Basin, the cSPI approach was applied to daily
precipitation between past and future Representative Concentration Pathway (RCP) 8.5
climates obtained from the 20-km grid precipitation of Atmospheric General Circulation Model
(AGCM)3.2S developed by the Japanese Meteorological Research Institute (MRI) [23] and
bias-corrected with APHRODITE reference dataset [24].
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Figure 1. The Bago River basin elevation[13] A), land cover[14] B), and the 2011
flood water extent estimated from MODIS images [16] C). Locations of Zaungtu and
Bago gauging stations shown by triangles and four dams by circles A) and Kawa and

Thanatpin townships are colored by pink and green C).

Results and discussion. Figure 2 demonstrates river discharge at the Bago gauging
station during the 2011 and 2014 flood events. For the 2011 flood, the RRI model simulation
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with Zaungtu river discharge as a boundary matched observed discharge, see Figure 2A. In
Figure 2B, the 2014 flood simulation has NSE of 0.81 and correlation coefficient of 0.9 while
the peak discharge was underestimated in the RRI model, which may the influence of upstream
dam operation. In Figure 3, the simulated 2011 flood inundation depth (Figure 3A) and duration
(Figure 3B) from the RRI model is 612 km?, which is similar to the 2011 flood inundation
extent of 566 km? estimated with NDVI from MODIS images (Figure 3C). From the RRI
simulated flood inundation depth above 0.5 m, 12.5% of basin area is prone to flooding and
the 2011 flood caused about 15 million Kyats of damages for rice paddies during vegetative
state.

Figure 4 demonstrates 6-month SPI and SPEI values to demonstrated meteorological
and agricultural droughts in the Bago River basin. In Figure 4, the 6-month SPEI values
indicate agricultural drought duration of several seasons during 1980s-90s compared with the
meteorological droughts from 6-month SPI values such as 1982, 1987, 1988, 1991 and 1998.
In some cases, 6-month SPI values are lower than 6-month SPEI values such extreme 1979 and
2013 droughts indicating the coarse grid of global dataset [19]. The 1-, 3-, and 12-month SPI
and SPEI values have similar pattern and are not shown. For the flood hazard, 6-month SPI
indicates extreme wet climates in 2005 and 2006 and severe wet climates in 2010, 2011 and
2014. In recent years, the Bago River basin flooding has been reported in 2011, 2012 and 2014
making 6-month SPI values consistent with past floods. In addition, the 1-month SPI values
have similar results indicating sharp wet climate peaks and are not shown. These results
indicate the usefulness of SPI for meteorological drought and flood monitoring.

For the analysis of climate change, median values of 3-, 6-, 12- and 24-month cSPI for
past and future climates were compared and indicated an increase in median values under the
RCP8.5 future climate scenario. This increase of median values indicates increasing wet
conditions in the Bago River basin and indicates an increase in flood severity. In addition, the
MRI-AGCM3.2S daily precipitation of past (1979-2003) and RCP8.5 future (2075-2099)
climates was used in the calibrated RRI model resulting in 27% of river flow leading to
potential increase in flood inundation areas in the Bago River Basin. and 12.6% of precipitation
increases in the future between present and future climates.
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Figure 2. RRI model simulated river discharge at the Bago gauging station for

2011 flood A) and B) 2014 flood B). The Zauntu river discharge was used as a boundary
condition in the RRI model.
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Figure 3. The flood inundation extent and depth of 2011 flood simulated with the
RRI model A) and duration of flood inundation B). The 2011 Flood inundated extent of
two townships from the MODIS remote sensing images C).
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Figure 4. 6-month Standardized Precipitation Index (SPI) from local
precipitation and Standardized Precipitation Evapotranspiration Index (SPEI)
obtained from [19].

Conclusions. We conducted flood and drought hazard assessment under climate
change using a rainfall-runoff-inundation (RRI) model and standardized indices. The RRI
model was applied to analyze flood discharge and inundation depth of the 2011 and 2014 flood
events and compared with the 2011 flood extent estimated from satellite images. These flood
inundation maps can be utilized for mitigation measures of future disaster prevention activities
and conducting flood risk assessment in terms of agricultural damages to paddies in the Bago
basin. For historical floods and droughts, severity and frequency analysis of wet and dry
climates was conducted with Standardized Precipitation Index (SPI) estimated with local
precipitation and Standardized Precipitation Evapotranspiration Index (SPEI) obtained from
global precipitation and evapotranspiration datasets.

Considering the effects of climate change, the comparative SPI (cSPI) approach and
RRI model with the daily precipitation data to assess the future floods and droughts in the Bago
River basin using MRI-AGCM3.2S, which was bias corrected for past (1979-2003) and future
Representative Concentration Pathway (RCP)8.5 scenario(2075-2099) climates. The cSPI
values show the increasing dry condition in the summer while the amount of precipitation also
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increases in the future climate conditions. For the assessing the river flow for the future climate
condition, the MRI-AGCM3.2S precipitation data under current and future climate condition
was used in the calibrated RRI model. As a result, 12.6% of precipitation and 27% of river
flow increases in the future wet season suggesting an increase of flood inundation areas in the
Bago River Basin.
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