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Background

 Real-time discharge estimation at different locations of a river reach has
always been a challenging task.

Challenges

Lack of human resources

Costly maintenance

Remoteness of gauging 
stations

Theft of sensors

Decline in number 
of gauging stations

Water conflicts 
between the states

Inequitable water 
distribution among 
stakeholders

Cost -
effective 

alternative 
tool

Hydrodynamic Models
(HD)

Remote Sensing
(RS)

RS

HD
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Objective
To develop and evaluate an integrated remote sensing-
hydrodynamic (RS-HD) model framework for river
discharge estimation at any scantily gauged river reach.
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Study Area

Ungauged Since 
1997

Water sharing conflicts 
between the agricultural and 

industry sectors

 Geographical area = 39,269 km2

 Average annual rainfall = 1238 mm  
Brahmani River in Eastern India
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Problem Statement

Ungauged 
Since 1997

Water sharing conflicts 
between the agricultural 

and industry sectors

1. The reach shown alongside is the main channel of
the Bramhani river from which water is extracted
for industrial and agricultural activities.

2. Although there are four gauging stations available
along the reach, the Bolani station (marked “red” in
the Fig.) is defunct since 1997.

3. This ungauged section of the river reach, covering
nearly 120 km from Panposh to Gomlai, gives rise
to water sharing conflicts among the stakeholders.

4. Hence, there is an urgent need of establishing an
RS-based Virtual Monitoring Session (VMS) to
measure the discharge at this defunct station
(Bolani) which is an attempt to resolve the water
management issues among the stakeholders.
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GomlaiData Used

<https://reverb.echo.nasa.gov/reverb/> (EOSDIS NASA)

Terra MODIS (MOD09GQ) 

Satellite passage time 9:30 to 11:00 AM (IST)
Study period: 2009-16

MODIS Spatial
Resolution

Temporal
Resolution

MOD09GQ 250 m 1 day
Band Information

Band 1 RED 620 – 670 nm
Band 2 NIR 841 – 876 nm

Remote Sensing Data

Hourly stage-discharge data 
procured from CWC: 2007 – 2016.

Selected streamflow 
gauging stations

Jaraikela, Panposh, 
Gomlai

Hydrodynamic Model MIKE-11 HD

River cross section SRTM DEM, Surveyed 
cross sections at 

gauging sites
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MIKE-11 HD 
Model set up 
in the reach

RS-based 
Virtual 
Monitoring 
Station (VMS)

MIKE-11 HD Model
(calibration and validation)

Schematic Representation of RS-HD Framework
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C= Land pixel
W=Water pixel

1

W

1

2

2

3

3

C= Land pixel
W=Water pixel

1
2
3

C

W

1 2 3

C

C/W increases with the presence of water 
and, hence, of discharge

NIR Band

(Brakenridge et al., 2007; Tarpanelli et al., 2012; Tarpanelli et al., 2013a)

Concept of RS-based Discharge Estimation
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MIKE-11 HD-RS Setup Framework

MIKE-11 
HD 

Survey 
Section

Digital 
Elevation 

Model

Rating Curve

River 
Channel 

Cross Section

River 
NetworkDelineation

Manning’s n

Model 
Calibration

Model 
Performance 

Index 

Acceptab
le ?

Yes
Model 

Validation

No

Download 
MODIS 
Images

Image Processing
1. Reproject
2. Resample
3. Clipping AOI

Cloud ? Box-Matrix

Fixing the W pixel at 
Gauging station & 
others to C pixels

Reject

Yes
No

Getting the Optimal 
Location of C

Routed Discharge Time 
Series at VMS (Q MIKE)

Implication of 
Pixel ratio 

method (Cx/W)

Correlation analysis
(Cx/W vs Q MIKE)

Exponential 
Smoothing 

Filter

Spectral 
Model 

Development 

Filtered 
(Cx/W*) 

time series

Establishment of 
VMS

9



Reach reach Chainage
(km)

Calibrated 
Manning’s n

Jaraikela -
Panposh

0 to 31 0.02

Panposh -
Bolani

31 to 65 0.025

Bolani - Gomlai 65 to 114 0.03

 SRTM DEM-based river cross sections
(CS) were extracted at an interval of 1
km with a total of 114 CS, which were
used as input to the MIKE-11 HD
model.

 The MIKE-11 HD model was calibrated
and validated at Panposh gauging
station which is located at 31 km
downstream to the inflow boundary.

Setting up of MIKE-11 HD model

10



Sinusoidal projection

WGS 1984 UTM 45N

R
e-project

M
osaicImage processing 

2009 – 2016 
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Selection of Cloud-free MODIS Image 
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Box-Matrix 
Orientation
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Noise reduction filter used for spectral reflectance

𝑪𝑪
𝑾𝑾𝒕𝒕𝒏𝒏+𝟏𝟏

∗ =
𝑪𝑪
𝑾𝑾𝒕𝒕𝒏𝒏

∗ + 𝑲𝑲𝒕𝒕𝒏𝒏+𝟏𝟏
𝑪𝑪

𝑾𝑾𝒕𝒕𝒏𝒏+𝟏𝟏
−

𝑪𝑪
𝑾𝑾𝒕𝒕𝒏𝒏

∗
where  𝑪𝑪

𝑾𝑾𝒕𝒕𝒏𝒏+𝟏𝟏
is value of the ratio at time t n+1 

𝑪𝑪
𝑾𝑾𝒕𝒕𝒏𝒏
∗ is filtered value at previous time, tn.

𝑲𝑲𝒕𝒕𝒏𝒏+𝟏𝟏 = 𝑲𝑲𝒕𝒕𝒏𝒏

𝑲𝑲𝒕𝒕𝒏𝒏+𝒆𝒆
− 𝒕𝒕𝒏𝒏+𝟏𝟏−𝒕𝒕𝒏𝒏

𝑻𝑻

(Range = 0 to 1)

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

23
-1

2-
08

02
-0

4-
09

11
-0

7-
09

19
-1

0-
09

27
-0

1-
10

07
-0

5-
10

15
-0

8-
10

23
-1

1-
10

03
-0

3-
11

11
-0

6-
11

19
-0

9-
11

28
-1

2-
11

06
-0

4-
12

15
-0

7-
12

23
-1

0-
12

31
-0

1-
13

11
-0

5-
13

19
-0

8-
13

27
-1

1-
13

07
-0

3-
14

15
-0

6-
14

23
-0

9-
14

01
-0

1-
15

11
-0

4-
15

20
-0

7-
15

28
-1

0-
15

05
-0

2-
16

15
-0

5-
16

23
-0

8-
16

01
-1

2-
16

C/W C/W*Bolani

(Albergel et al., 2008)

14



0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0

Di
sc

ha
rg

e 
(m

3/
s)

DD-MM-YYYY

Qmike QsimNSE = 0.71
RMSE = 32.51 m3/s
PBIAS = -0.12
MAE = 24.10 m3/s

0

100

200

300

400

500

600

700

0 100 200 300 400 500 600 700

Si
m

ul
at

ed
 D

is
ch

ar
ge

, Q
si

m

MIKE-11 Routed Discharge, QMIKE

1:1 Line

R2 = 0.81

Model Performance and Evaluation of RS-HD VMS (Bolani Gauging Station)

15



Conclusion

 The MIKE-11 HD model was calibrated (2007-2012) and validated (2013-2016) at Panposh
gauging station with NSE values of 0.94 and 0.90, respectively.

 The efficacy of RS-based approach to establish river discharge time series at the VMS
(Bolani gauging station) is reasonably validated (NSE = 0.72) with the MIKE-11 HD output
(2013-2016).

 The VMS has solved the purpose of real time river discharge monitoring at defunct gauging
station at Bolani.

 During monsoon season, the cloud cover is responsible for causing hindrance to estimate
river discharge at the VMS with RS-based approach.
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Thank you
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