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The paper Ensemble streamflow prediction considering the influence of reservoirs in India
presents an original study aiming at setting up an ensemble hydrological prediction
system at the scale of India. The authors propose a first regional approach on the
Narmada river catchment. The authors rely on the VIC hydrological model that supports
reservoir management. This approach is particularly interesting when it comes to
improving flood forecasting in a context where reservoirs can be used to store water but
also represent a danger if the reservoir management is not adapted in case of flood. The
article focuses on 4 reservoirs of the same catchment area but it will be necessary to
extend the study to other reservoirs of other regions for the implementation of a possible
warning system at the scale of the whole country.

We thank the reviewer for the positive comments and suggestions. Extending the study to
other river basins in India is beyond the scope as it would require a significant amount of
additional work considering the challenges with the data availability. We have modified the
title to reflect that the study is conducted in the Narmada River basin, which we feel can
take care of the suggestion.

Major comments:

It seems to me that the study should be extended to other catchments with more
contrasting hydrometeorological conditions. The study focuses on a regional scale
warning system.

We thank the reviewer for the positive comments and suggestions. Extending the study to
other river basins in India is beyond the scope as it would require a significant amount of
additional work considering the challenges with the data availability. We have modified the
title to reflect that the study is conducted in the Narmada River basin, which we feel can
take care of the suggestion.

In the description of the hydrological model, a table summarizing the parameters or a
diagram could help the reader in the operation of the hydrological model. Additional
information on the operation of the reservoir-specific module could be useful as this is
one of the original features of this study. The characteristics of the reservoirs necessary
for the operation of the hydrological model are also missing.



Thanks. We have listed the calibrating model parameters with their ranges in the
supplementary information (Table S2 and Table 1). In addition, we have listed the sub-
basins upstream of the reservoirs and the calibrated parameters in Figure S5
(supplemental information)

Table. S2 – The calibrating soil parameters of the VIC-Res model

 

Sr. No. Parameter Range

1 Ds 0 to 1

2 Dsmax 0 to 30

3 Ws 0 to 1

4 Binf 0 to 0.5

5 Soil Depth (d1, d2 and d3) 0 to 1.5

 

Table 1. Parameters of reservoirs that were considered in hydrologic simulations

 

Sr No Name of
dam

Year of
completion

Type Height
above
lower
foundation
(m)

Length of
dam (m)

Gross
storage
capacity
(BCM)

Effective
storage
capacity
(BCM)



1 Bargi 1988 Other 69.8 5357 3.92 3.18

2 Tawa 1978 Earthfill E
mbankmen
t

57.92 1944.92 2.312 1.94

3 Indira
Sagar

2006 Other 91.4 654 12.22 9.75

4 Sardar
Sarovar

2017 Other 163 1210 9.5 5.8

 

 

Fig. S5 – VIC-Res calibration parameters in the respective upstream region of
each station. 

Concerning the calibration and validation periods of the hydrological model on the 4
reservoirs, it is unfortunate that the periods are not identical for the Mandleshwar and
Garudeshwar stations.

Thanks. We agree that consistent observations for the same period would have been
better for the comparison of the model’s performance during calibration and evaluation.
However, we could not keep the same period due to unavailability of the streamflow
observations, which has been mentioned in the revised manuscript (lines 200-204).

To evaluate the quality of the forecasts, the authors could also have used the NCRPS
(Hersbach, 2020)

Thanks. We have included the CRPS evaluation matrix in the revised manuscript (Figure
S6). In addition, we included the details about CRPS in the methods and results sections.

 

 

Fig. S6 – CRPS of streamflow forecast for years 2003-2018 at different leads
(1-10 day, 15 day, 31 day).

When evaluating the VIC hydrological model, it can be seen in Figure 8 that the model
underestimates the volume of water in the reservoir compared to the observed level,
isn't this a problem when looking at flood events? Finally, one may think that the
volume of the flood can be stored in the reservoir when it is not the case. I wonder if



for a future publication, we should not look at the propagation of uncertainties along
the modeling chain.

Thanks, the model underestimates reservoir storage at Bargi. We acknowledge that this
weaker performance of the model can affect streamflow forecast. However, we have not
examined the propagation of errors in the current manuscript. We have mentioned this in
the revised manuscript (lines 604-605).

For the comparison of the two forecast products, do we have enough hindsight on the
GEFS product? Indeed, if we look at Figure 13, the dispersion of the ensemble for the
year 2019 is much larger than for the year 2020.

Thanks. We agree that longer hindcast can provide us more confidence in forecast skill of
GEFS. However, the GEFS hindcast is available only for two years. As this is operational
product, we hope that more data will be available for near future. However, the conclusion
of improved forecast skills of the GEFS for short-term lead is robust and unlikely to
change. We have mentioned this limitation in the revised manuscript (lines 762-765):

A multi-model approach, where more than one hydrologic model is used, can generalize
the uncertainty introduced by the hydrologic model. Various studies have reported
improved forecast skills using the multi-model approach (Muhammad et al., 2018;
Velázquez et al., 2011; Zarzar et al., 2018). Also, our analysis is based on just for the
2019-2020 as the GEFS hindcast is available only for this period. Availability of longer
hindcast from the GEFS can help to understand the forecast skills for hydrologic extremes
(drought and floods). Moreover, we did not examine the forecast skill of reservoir storage,
which can provide a better understanding of the impacts of storage during the floods.

 

As an additional comment, I think it might have been interesting to show a hydrometric
station not influenced by reservoirs to evaluate the forecast products before adding
complexity to the study with the introduction of reservoirs. This would have allowed us
to see if the same biases were observed.

Thanks. Even without considering the role of reservoirs the VIC model can be calibrated
with a reasonable performance. However, as shown by Dang et al. (2019) the parameter
estimates are erroneous as the observed flow is affected by the presence of reservoirs.
We have mentioned this in the revised manuscript (lines 391-394):

The presence of reservoirs influence the water budget and streamflow (Shah et al., 2019
Zajac et al., 2017; Yun et al., 2020; Chai et al., 2019). Hydrological model parameters
calibrated without considering the role of reservoirs can be erroneous and leading to
errors and uncertainty in simulated hydrological processes (Dang et al., 2019).

A comparative analysis of the four reservoirs is missing. Are the observed biases due to
the hydrometeorological context of the reservoir, or are they due to the characteristics
of the reservoir?

Thanks. We appreciate the valuable suggestion that we will consider in the future work as
the aim of the present work was not to examine the forecast skills of reservoir storage
rather, we examined only streamflow forecast skills. This has been mentioned in the
introduction of the revised manuscript. Please see lines 764-765 in the discussion section.

Minor comments:

In Figure 7, do the authors have any idea of the difference between observation and



simulation for the year 2007 for Bargi Reservoir. The minimum and maximum reservoir
levels are missing. Were there any spills in the management operations simulations?

We carefully checked the simulations, and this could have been caused because of: 1)
errors in observed reservoir storage, or 2) substantially low inflow from the upstream
grids of the Bargi reservoir. Only a small area (~8-10 grids) of the catchment contribute
inflow to the reservoir. We have mentioned this in the revised manuscript (lines 604-605).

In the legend of Figure 8, perhaps the dates of the periods should be indicated.
Comparing the seasonal cycle of the reservoirs is a little difficult because the average
cycle was not calculated over the same periods.

Thanks. We have modified the figure in the revised manuscript.

 

The boxplots in Figure 12 are difficult to read for the fourth reservoir.

We have revised the figure.
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