
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/92342/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Khandu, E., Forootan, Ehsan , Schumacher, Maike, Awange, Joseph L. and Müller Schmied, Hannes 2016.
Exploring the influence of precipitation extremes and human water use on total water storage (TWS)

changes in the Ganges-Brahmaputra-Meghna River Basin. Water Resources Research 52 (3) , pp. 2240-
2258. 10.1002/2015WR018113 

Publishers page: http://dx.doi.org/10.1002/2015WR018113 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



Exploring the influence of precipitation 
extremes and human water use on total 

water storage (TWS) changes in the 
Ganges-Brahmaputra-Meghna River Basin 

Water Resources Research, 2016 

 

Please cite: 
 
Khandu, E. Forootan, M. Schumacher, J. L. Awange, 
and H. Müller Schmied (2016), Exploring the influence 
of precipitation extremes and human water use on 
total water storage (TWS) changes in the Ganges-
Brahmaputra-Meghna River Basin, Water Resour. 
Res., 52, doi:10.1002/2015WR018113. 
 

Find the original paper from: 
http://onlinelibrary.wiley.com/wol1/doi/10.1002/2015WR018113/full 

 

http://www.sciencedirect.com/science/journal/00344257
http://dx.doi.org/10.1002/2015WR018113






















































































































Lon
gitu

de 
[  

]

Latitude [  ]

70E
75E

80E
85E

90E
95E

100
E

15N20N25N30N

RMS(IRR70−NOUSE) [m]

00.511.5



198
0

198
2

198
4

198
6

198
8

199
0

199
2

199
4

199
6

199
8

200
0

200
2

200
4

200
6

200
8

201
0

−50
0

−40
0

−30
0

−20
0

−10
00100200300

−14
 mm

/yr

−12
 mm

/yr

−20
 mm

/yr

Ye
ar

TWS [mm]

NO
US

E
IRR

70
IRR

70−
NO

US
E



Supporting Information for

Exploring the influence of precipitation extremes and human water use on total water storage
(TWS) changes in the Ganges-Brahmaputra-Meghna River Basin

Khandu1,2, E. Forootan1,3, M. Schumacher3, J.L. Awange1,2,4, H. Müller Schmied5,6

1Western Australian Centre for Geodesy and the Institute for Geoscience Research, Curtin University,
Western Australia, Australia

2Department of Cartographic Engineering, Universidade Federal de Pernambuco, Recife,
Pernambuco, Brazil

3Institute of Geodesy and Geoinformation, University of Bonn, Bonn, Germany
4Karlsruhe Institute of Technology, Karlsruhe, Germany

5Institute of Physical Geography, Goethe-University Frankfurt, Frankfurt, Germany
6Biodiversity and Climate Research Centre (BiK-F) & Senckenberg Research Institute and Natural

History Museum, Frankfurt, Germany

1. Outline

In this supporting material, various soil moisture products are compared in terms of their seasonal and
interannual  variability  covering  the  period  1980  to  2014.The  soil  moisture  products  and  their
descriptions are provided in Table S1. It should be mentioned here that soil moistures differ strongly
among  the  various  products  as  these  products  use  different  land  surface/hydrological  models  to
calculate soil moisture contents over varying soil depths and with varying number of soil layers. We
have also included WGHM soil moisture from IRR_70S (variant). 

Table S1: Summary of the soil moisture products used in the study. 
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2. Results of soil moisture comparison

Soil moisture data sets vary considerably between the different products. The annual range is largest
(smallest) in CPC, Noah, and Mosaic (ERA-Interim) (Figure S1). However, soil moisture data sets
from three GLDAS land surface models are found to contain spurious jumps between 1995 and 1997
(Figure  S3).  Soil  moisture  variability from WGHM appears  to  be  substantially lower  than  those
shown by the others products due to its relatively low available soil water capacity (around 100 mm in
the study regions). Since soil moisture of WGHM can range only between wilting point and field
capacity (Müller Schmied et al., 2014), it tends to limit the overall seasonal and interannual variation
(see, Figures S2 and S4). 

Figure S1: Mean annual range of soil moisture contents (mm) for (a) ERA-Interim, (b) MERRA, (c)
CPC, (d) Noah, (e) Mosaic, and (d) VIC covering the period 1980-2014. The annual range is defined
as the difference between maximum and minimum soil  moisture for every year.  CPC, Noah, and
Mosaic indicate the highest annual range, while ERA-Interim shows the lowest annual range showing
the largest magnitude of about 240 mm in the southern Ganges River Basin. 
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Figure S2: Mean annual range of soil moisture contents (mm) of WGHM covering the period 1980-
2009.  The results are based on the model variant “IRR_70S”. The annual range is significantly lower
than those shown in Figure 1 but the spatial patterns are comparable to the other models of Figure S1
in the GBM River Basin. 

Figure S3: Basin–averaged interannual variation of soil moisture contents from various products in
the two river basins: (a) Ganges, and (b) Brahmaputra–Meghna. The anomalies are computed from
soil moisture outputs from three reanalyses and three GLDAS land surface models (see Table S1) over
the period 1980 to 2014.
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Figure S4: Basin–averaged interannual variation of WGHM soil moisture contents in the two river
basins: (a) Ganges, and (b) Brahmaputra–Meghna. The anomalies are computed over the period 1980
to 2009. Consistent with Figure S2, its interannual amplitudes are also significantly lower than those
shown in Figure S3.
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