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1. INTRODUCTION

The intensity, duration, and geographic extent of floods in Bangladesh mostly depend on the combined influences of
three river systems, Ganges, Brahmaputra and Meghna (GBM). In addition, climate change is likely to have significant
effects on the hydrology and water resources of the GBM basins and might ultimately lead to more serious floods in
Bangladesh. However, the assessment of climate change impacts on basin-scale hydrology by using well-constrained
hydrologic modelling has rarely been conducted for GBM basins due to the lack of data for model calibration and
validation. In this study, a hydrologic model has been calibrated and validated on the basin. And then future simulation
has been conducted. The impact of climate change on not only the runoff, also the basin-scale hydrology including
evapotranspiration, soil moisture and net radiation has been assessed through three time-slice experiments; present-day
(1979-2003), near-future (2015-2039) and far-future (2075-2099) periods.

2. METHODOLOGY

A global-scale hydrologic model HO8 (Hanasaki et al., 2008) has been applied regionally over the basin at a relatively
fine grid resolution (10-km) by integrating the fine-resolution (~0.5-km) DEM data for accurate river networks
delineation. The hourly dataset from the Water and Global Change (WATCH) model-inter-comparison project (WFD)
(Weedon et al., 2011) is used as the climate forcing data for the historical simulation and the model has been calibrated
via analyzing model parameter sensitivity and validated based on a long-term (1980-2001) observed daily streamflow
data provided by the Bangladesh Water Development Board (BWDB). A Monte Carlo-type of simulation is conducted to
investigate the sensitivity of HO8 model parameters to simulation results. 10 optimal parameter combinations according
to Nash-Sutcliffe coefficient of efficiency (NSE) has been selected for uncertainty analysis from total 625 simulations.

For the future simulations, the high-resolution (20-km) forcing data obtained from the Meteorological Research Institute
Atmospheric General Circulation Model (MRI-AGCM3.2S) (Mizuta et al., 2012) of the Japan Meteorological Agency
(JMA) is used. Simulation results for future periods have been then compared with that of base line period (1979-2003)
forced by MRI-AGCM3.2S to assess the effect of climate change on the hydrology and water resources of GBM in terms
of precipitation, air temperature, evapotranspiration, soil moisture and net radiation by graphical and statistical methods.

3. RESULTS AND DISCUSSION

Fig.1 (c1-f3) plots seasonal cycle as well as uncertainty band (color shading) of hydrological quantities and net radiation
of present-day, near-future and far-future periods. It is observed that uncertainty band of runoff is relatively narrow
(coefficient of variation ranges from 2%-15%), which means model parameter-related uncertainty is less in estimation of
runoff compared to that of other hydrologic variable (Fig.1 d1-d3). In addition, it is observed that there is no significant
uncertainty in simulated peak discharge for Brahmaputra and Meghna river. This is quite expected as model is validated
against observed discharge data at basin outlet. Besides runoff, uncertainty in estimation of evapotranspiration and net
radiation is also relatively less. However, uncertainty in estimation of soil moisture is quite large (coefficient of variation
ranges from 11%-33%). Larger uncertainty in predicting soil moisture might be significant while precise estimation of
soil moisture is necessary. This finding highlights the necessity of physical identification of model parameter.

Results (Fig. 2) shows that, by the end of 21* century (a) the entire GBM basin is projected to be warmer by ~3°C (b) the
changes of mean precipitation are projected to be +14.0%, +10.4% and +15.2%, and the changes of mean runoff to be
+14%, +15% and +18% in the Brahmaputra, Ganges and Meghna basin respectively (c) evapotranspiration is predicted
to increase significantly for the entire GBM basins (Brahmaputra: 14.4%, Ganges: 9.4%, Meghna: 8.8%), which might
be due to increase of net radiation (Brahmaputra: 6%, Ganges: 5.9%, Meghna: 3.3%) as well as warmer air temperature.
(d) changes of soil moisture (ranging from 1~8.7%) are less compared to other hydrological quantities. However,
changes of hydrologic variables will be larger in dry season (Nov-Apr) than that in wet season (May-Oct). It is observed
that climate change impact on the hydrology of the Meghna basin is larger than that of the other two basins. For example,
in the near-future runoff of Meghna is predicted to increase 11.5% whereas it is 6% and 2.1% for Brahmaputra and
Ganges respectively. Larger increase of precipitation (15.2%) in far-future and lower increase of ET (8.8%) and
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consequently larger increase of runoff (18%) lead to higher possibility of flood in this basin. Sea level rise due to climate
change will also cause higher floods in this basin as it has tidal influence.

Brahmaputra ngges Meghﬂa Brahmaputra Ganges Meghna
al) Prep (Brahmaputra) a2) Prep (Ganges) a3) Prep (Meghna)
10 25 0o, & 0
1 s 2 » . A w b 0 |\ .
& g 5 2120 /™ ) N AN
g 3 N 38 - 10 Vo — / « AN ® A
< z 6 2 2 e ot \ 20 \ ~ y 10
i g / - £ B g 0 ¥ - Vi AN
£, // g g 10 FE y ° NN 30
2 2 2 20 20 - 50
I FMAMI I ASOND I FEMAMI I ASOND J FMAMI I ASOND
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 4
a0 a0 a0 f
b1) .Tair (Brahmaputra) b2) .Tair (Ganges) b3) .Tair (Meghna) = 30 A . = o 30 A - = 0
Bt O s ol N 28 £, 20 20 20
= 10 i ot 10 - 10 10
= oo g = \ v n 00— - - - 00 - 00
/ 20 2|/ J EMAMI ) ASOND I FMAMI I ASOND J FEMAMI J ASOND
0 & 14 18 . .
\ FE. 15 15
16 0= PR e .
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 15 s 5 v .
T 0 e s : . e
c1) Net radiation (Brahmaputra) ¢2) Net radiation (Ganges) ¢3) Net radiation (Meghna) g & R o . NV,
% 7 0 - - B
o 100 fov: 9% ov: 1% 150 | cv: 10! “ 5 5 10
1~ = JFMAMI 1 ASOND )} FMAMIJ JASOND ) FMAM I J ASONTD
S %0 N ~ o
S'E £ 100 g 160 .
Bz ES s © I ©
Z" o N b .
2 . / o N 10 . VANAY, 10 Y, A
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 S g = 7 ~ e 20 / TN
H o 10 10
d1) .Total runoff (Brahmaputra) d2) .Total runoff (Ganges) d3) .Total runofY (Meghna) =4 10 =0 o
8 25 . B I FMAMI | ASOND I FMAMI 1 ASOND I FMAMI I A S OND
= ov: 2% , | ev: 15% 15 |cv: 8% B m ) w0 p 0 o
6 N z 20 N 30 -
S 3 3 s 2 10 15 AN \ 7N\ 20 *
S $ 1 £ 10 NV 10 10
e~ 5 B S 0
05 =] o
o 10
4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 s o o
JFMAMI S ASOND JFEMAMI J ASOND J FMAMI JASOND
1) ET (Brahmaputra) €2) ET (Ganges) €3) .ET (Meghna) & ) 3 «
1 3 s 5 s g ° P N 0 F o
25 [ov: 7% ov: 4% cov: 19% - g ¢ A 0 - \
2 - ) 5, 4 S 2 J \ . =\ - w0 \
: ,\ E) 33 = Fo N «/\ S o \ = y
s 3 : S a 10 / o \ . 7
P ~- £:2 - 20 [ ST
05 E 1 I EMAMI I ASOND JEMAMI I ASOND I FMAMI I ASOND
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 near-future - current
. far-future - current
1) SoilMoist (Brahmaputra) 2) SoilMoist (Ganges) 3) SoilMoist (Meghna) . .
500 | - . . 600 — e 6 month mean change in near-future
w cv: 33% cv: 27% cv: 11% e
<) 400 400 o— | === 6 month mean change in far-furure
S 2y 3 400 .
S g - £ 300 £ 0-line
= B T o200 >
=3 - 200
2 e 100 B
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
monih month Fig. 2 (a)-(r) Percentage changes of monthly means of climatic
— mean (cu) . .- -
——  upper and lower bound of uacertainty band (cu) and hydrological quantities of near-future and far-future periods
mean (nf) . R s
uncertainty band (nf) from current periods. Dashed line represent 6 months’ mean

—— mean (ff)

eaoetsinty baod () changes in dry season (Nov-Apr) and wet season (May-Oct).
Fig. 1 (al)-(f3) Uncertainty band of hydrological quantities (d-f) and

net radiation (c) components of present-day (grey line), near-future

(green shading) and far-future periods (red shading) found from 10

simulation result with considering 10 best parameter set according to

NSE. Black, green and red solid lines represent mean of 10

simulation results of current, near future and future respectively. (cu:

presend-day, nf: near-future, ff: far-future). Correlation variation

(CV) is noted at top-left corner in each sub-plot.

4. CONCLUSION

It is observed from the uncertainty analysis, amongst hydrological variables, runoff is well predictable through
hydrologic model simulation, however, uncertainty in estimation of soil moisture is quite large. Larger uncertainty in
predicting soil moisture might be significant while precise estimation of soil moisture is necessary. This finding
highlights the necessity of physical identification of model parameter. From the future climate change impact assessment
it is observed that among three basins, Meghna shows larger hydrological response which leads to higher possibility of
flood in this basin. Sea level rise due to climate change will also cause higher floods in this basin as it has tidal influence.
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