Dear Dr. Gemma Coxon,

We sincerely thank you for your time and efforts in reviewing our manuscript and offering
constructive remarks to improve the manuscript. We provide here our responses to your
comments and concerns and mention the changes made in the manuscript (marked with /talic

text).

This paper describes the CAMELS-INDIA dataset, which consists of hydrometeorological
time series and catchment attributes for a large sample of catchments in India. This will be a
valuable dataset for the hydrological community. Overall, the paper is well-written, figures are

well-produced and dataset well-described.

Response: We appreciate your feedback.

My major comment is the lack of observed streamflow data for many of the catchments. A key
characteristic of CAMELS datasets is providing observed streamflow data — without this, the
datasets are less useful for large-sample hydrological analyses. I was surprised that from the
472 catchments included in the dataset nearly a third (32%) of the catchments have no observed
streamflow timeseries, and 45% of the catchments have less than 10% of streamflow for the
chosen timeperiod. Why is this? Why were these catchments included in the dataset? How do
the authors envisage their use in large-sample hydrological analyses without streamflow? 1
appreciate that there are modelled flow timeseries, but the model performance for the other
gauging stations was not particularly convincing that these would provide a good
representation of streamflow in catchments with no data. My recommendation would be to
only include catchments where you have good streamflow data i.e. where you have calculated
hydrological signatures (228 catchments — still a very valuable dataset). If the authors disagree
with this recommendation then much better justification and clarity needs to be added into the

paper highlighting this limitation with the dataset (see additional comments below).

Response: Thank you for your insightful comments. Based on your recommendation, we have
revised the Title to specify only the 228 catchments where streamflow data is available for at
least 30% of the period from 1980 to 2020, aligning with other CAMELS datasets that focus
on catchments with long-term streamflow data in the Title. Necessary revisions have been

made throughout the manuscript, including abstract as “We introduce CAMELS-IND



(Catchment Attributes and MEteorology for Large-sample Studies — India), a dataset
containing hydrometeorological time series and catchment attributes for 472 catchments in
Peninsular India, of which 228 catchments have observed streamflow data available for over

30% of the period between 1980 to 2020.” [Line 12-13, 159-160]

“In addition to these 228 catchments, there are 60 catchments with partial streamflow records,
ranging from 2.4% (approximately one year) to 30% (about 12 years) of the period. Although
these may not meet the threshold for extensive hydrological analysis, they offer valuable
opportunities for pseudo-ungauged experiments and model testing or validation in data-limited
environments.” [Line 160-163]. To facilitate efficient selection of catchments based on users’
analytical needs, we have included a “filter catchment.py” script in the dataset to help users

create specific subsets of the data.

As noted in the manuscript “The observed streamflow data was compiled from the India-WRIS
portal, which was launched in 2019. Since its launch, continuous efforts have been made to
digitize the available data and update the information on the portal. We anticipate that, with
time, observations from the rest of the gauges will be made available for users to download.
Therefore, we extracted catchment mean meteorological forcings and static attributes for all
472 catchments. To facilitate immediate use by those specifically requiring catchments with

streamflow observations, we have also provided a subset of the dataset with the 228 catchments

within CAMELS-IND.” [Line 164-168]

Despite the limited streamflow data for some catchments, we included the full set of 472
catchments in the dataset to support a variety of hydrological analyses, such as meteorological
drought assessments, seasonal and spatial pattern/trend analyses of meteorological variables,
and other studies that may not rely on streamflow records. We believe that including all
catchments, alongside the subset of 228 catchments and the “filter catchment.py” script, offers
users flexibility in catchment selection and supports diverse analyses suited to their research

objectives.

Aside from the major comment above, I only have minor/moderate comments for the authors

to consider before publication:

1) I suggest to follow similar naming conventions to other CAMELS datasets and change the

name of the dataset to CAMELS-IND and all files.



Response: Thank you for raising this point. We have revised the name of the dataset and all
files as “CAMELS-IND” to better align with the naming conventions of other CAMELS

datasets.

2) L50. ‘to some relevant questions’ is very vague — can you be more specific, or perhaps give

one or two examples of ‘relevant’ questions?

Response: Thank you for your comment. We have revised the sentence to improve clarity as
follows: “The availability of such catchment datasets offers a new perspective to the research
community, supporting solutions for key issues in water management, quantification and risk
assessment of hydrologic extremes, understanding regional-scale hydrologic functioning, and

assessing climate change impacts.” [Line 50-52]

3) L60. I would not include CAMELS-FR in this list as it is not published yet (as far as [ know)
and this reference is an EGU conference abstract. The same for CAMELS-DK which is

currently a pre-print and not published.

Response: Thank you for your suggestion. We have removed CAMELS-FR and CAMELS-
DK from the reference list. Additionally, we have replaced CAMELS-ES with the recently
published BULL database for Spain.

Senent-Aparicio, J., Castellanos-Osorio, G., Segura-Méndez, F. et al. BULL Database —
Spanish Basin attributes for Unravelling Learning in Large-sample hydrology. Sci Data

11, 737 (2024). https://doi.org/10.1038/541597-024-03594-5

4) L65-75. There are a lot of acronyms in this section. Are they all needed?

Response: We believe that these acronyms are necessary for clarity, as each represents a key
organization or dataset that plays a distinct role in providing hydrometeorological data for
CAMELS-IND. The Central Water Commission (CWC) provides streamflow observations
through India-WRIS, the India Meteorological Department (IMD) is responsible for measuring
meteorological variables across India, and the National Centre for Medium Range Weather
Forecasting (NCMRWF) provides additional meteorological variables via the IMDAA

reanalysis data.


https://doi.org/10.1038/s41597-024-03594-5

5) L90. Why is it ‘around 211 catchment attributes’? If you are providing 211 catchment

attributes then you don’t need the word ‘around’ in this sentence.

Response: Thank you for the suggestion. We have removed word ‘around’ in this sentence.

[Line 91]

6) L127. What do you mean by ‘reliable metadata’ — can you be more specific here? What

metadata are you considering?

Response: Thanks for raising this point. By ‘reliable metadata,” we are referring to the
comprehensive quality-control checks performed by Goteti (2023) on key aspects of station
metadata. Specifically, these checks included verifying the availability and accuracy of station
coordinates and descriptions, cross-validating station descriptions with Google Maps or OSM,
confirming that reference landmarks are near the station and match station names, assessing
the availability and accuracy of CWC’s catchment area estimates, and ensuring the adequacy

of the delineated catchment and river network.

The revised statement now reads as: “Given the existing challenges in validating and extracting
information from available datasets in India, the GHI has introduced the first quality-
controlled metadata in GIS format and listed 472 catchments with consistent and verified
metadata out of the 645 gauge stations in Peninsular India (Goteti, 2023). The quality control
performed by Goteti (2023) addressed essential metadata aspects, including the accuracy of
station coordinates, consistency of station descriptions, and verification of delineated

catchment area estimates.” [Line 127-131]

Goteti, G.: Geospatial dataset for hydrologic analyses in India (GHI): a quality-controlled
dataset on river gauges, catchment boundaries and hydrometeorological time series,

Earth Syst. Sci. Data, 15, 4389—4415, https://doi.org/10.5194/essd-15-4389-2023, 2023.

7) Figure 1b. It is really hard to see the basin codes on this map — can you make them bigger

or a different colour?

Response: Thank you for your suggestion. We have updated Figure 1b to improve the visibility

of the basin codes by adding a white background to the annotations.


https://doi.org/10.5194/essd-15-4389-2023

8) L146. I would create a new section here called ‘Hydrological timeseries’ or something
similar.Or I would rename section 3 to make it clear to readers that the description of the

hydrological timeseries is located here.

Response: Thank you for your suggestion. We have renamed Section 3 to “Catchments and
Hydrological Time Series” and organized the content into two subsections: 3.1 Catchment

Description and 3.2 Hydrological Time Series. [Line 122, 123, 148]

9) L146. Can you add some more detail on how the river flow data are compiled for these
catchments? Do they undergo any quality assurance or quality control checks before they are
published online? Are there flags on any suspect data? Did you perform any checks on the flow

data (i.e. for negative values, outliers, multiple consecutive values).

Response: Thank you for your comment. We have included details on data compilation and
quality control performed by India-WRIS. India-WRIS is a centralized platform that brings
together all the publicly available data and information related to water resources in India. “To
ensure data quality, the dataset on India-WRIS undergoes primary validation through the
Surface Water Data Entry System (SWDES) and subsequent processing for standardization.
The standard operating procedures and data processing protocols are comprehensively
described in various user manuals (Lohani, 2012).” [Line 150-152]. In addition, “We
performed primary validation of the flow data for negative values and outliers, and no such

anomalies were observed in the dataset.” [Line 158-159]

Lohani, A. K.: Surface Water Data Processing Using SWDES, National Institute of Hydrology,
2012. http://117.252.14.250:8080/jspui/handle/123456789/5454

10) L153-154. You need to be much clearer here of the data availability of observed streamflow
for the catchments. I would argue that ‘most’ stations do not have reliable data availability.

Why do so many of the stations have no streamflow data?

Response: Thanks for raising this concern. We have revised the sentence and made changes in
Figure 2b to improve clarity as follows: “our preliminary analysis shows that 228 catchments

have streamflow data availability for over 30% of the period between 1980 to 2020 (Fig. 2b).


http://117.252.14.250:8080/jspui/handle/123456789/5454

In addition to these 228 catchments, there are 60 catchments with partial streamflow records,
ranging from 2.4% (approximately one year) to 30% (about 12 years) of the period. Although
these may not meet the threshold for extensive hydrological analysis, they offer valuable
opportunities for pseudo-ungauged studies and model testing or validation in data-limited

environments.” [Line 159-163, and Figure 2b].

As stated earlier, the observed streamflow data was compiled from the India-WRIS portal,
which was launched in 2019. Since its launch, continuous efforts have been made to digitize
the available data and update the information on the portal. We anticipate that, with time,
observations from the rest of the gauges will be made available for users, and we will include

this data in CAMELS-IND as and when it becomes accessible.

11) L165. This needs more detail on how the gridded rainfall and temperature datasets were
produced- is it from observed data (i.e. from rain gauges or weather stations) that are then
interpolated on a grid, or from reanalysis data? After reading further in the text, I realise that a

lot of this information is in Section 7 but it needs to come earlier in the paper.

Response: Thank you for your suggestion. We have moved the details of the data sources for

the meteorological time series to Section 4 in the revised manuscript. [Line 178-182, 185-188]

12) Figure 4. It would be helpful to add the map here of the mean precipitation (Fig A3) into
this plot to give readers an understanding of how much rainfall falls on average across these

catchments.

Response: Thank you for your suggestion. We have included mean annual precipitation in

Figure 4. [Line 275, Figure 4a]

13) L250. Please quantify and provide numbers for ‘Higher mean daily precipitation’,
‘precipitation decreases’, ‘moderate precipitation’, ‘moderate magnitudes are in the central and

eastern’, ‘high values’.

Response: We have revised the sentence and provided numbers as follows: “Higher mean
annual precipitation (> 2500 mm) is observed in the Western Ghats region, and the

precipitation decreases (< 1000 mm) towards the central part of the region (Fig. 4a). The



northern and eastern parts of the region exhibit moderate precipitation in the range of 1500 to

2500 mm.” [Line 251-253]

“The spatial patterns of PET indicate moderate values of 1000 to 1250 mm in the central and
northern parts, with higher values exceeding 1250 mm in the lower Western Ghats. AET shows
a similar trend, with values below 750 mm in the central and northern regions and over 1250

mm in the lower Western Ghats (Fig. A3)” [Line 272-274]

14) L262. How many gauges did you calculate hydrological indices for?

Response: Thank you for raising this question. We have clarified that “The hydrological
signatures were computed for 228 catchments with streamflow data available for at least 30%

of the period between 1980 and 2020.” [Line 282-283]

“Additionally, due to seasonal precipitation patterns in India, we also computed seasonal flow
and its variability, providing quartiles of flow for the southwest monsoon season. For this
purpose, we also included gauges with available streamflow observations during specific

seasons with less than 20% missing values for all months.” [Line 284-286]

15) L296. Out of interest, what causes the high runoff ratios along the southwest coast?

Response: Thank you for your question. The high runoff ratios along the southwest coast are
primarily due to the region's steep topography, with catchment slopes exceeding 16% and
drainage path slopes over 20 m/km (Fig. 3 c-d). Additionally, these catchments are relatively
small. These characteristics contribute to rapid runoff and reduced infiltration, resulting in

higher runoff ratios compared to other regions.

16) L395. How do you define a large and medium dam?

Response: Thank you for your question. We compiled the dam data from the Central Water
Commission (CWC) available through India-WRIS, which defines large dams based on the
criteria established by the International Commission on Large Dams (ICOLD). According to
ICOLD, a large dam is one that is over 15 meters in height from its foundation, or between 10

and 15 meters if it meets specific structural or operational conditions (such as having a reservoir



capacity exceeding 1 million cubic meters). For medium dams, CWC generally defines these
as dams between 10 and 15 meters in height that do not meet the additional criteria required
for large dams. In the manuscript we clarified as follows: “The spatial distribution of large and

medium dams (with height > 10 m) across catchments...” [Line 415]

17) L403. Where do we see the reservoir use?

Response: The spatial maps of reservoir use for different purposes have been added in Figure

A3. [Line 424, 560]

18) I would encourage the authors to add CAMELS-IND to the Caravan dataset to aid efforts

in global catchment datasets.

Response: Thank you for your suggestion. We plan to add CAMELS-IND to the Caravan
dataset, and it will be linked to the CAMELS-IND data repository in the near future to support

global catchment dataset efforts.

We believe these changes address the concerns raised and improve the quality and clarity of

the manuscript. Thank you once again.

Best regards,

Ashutosh Sharma (on behalf of all co-authors)



