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General comments

The manuscript describes an analysis of how important drivers may impact water quality
in a section of the Ganga river by the mid of this century. It makes use of different
scenarios for climate change, land use, population development and development of the
urban water infrastructure. The topic is highly relevant for science and practice in order to
learn how to safeguard water quality in the future. Accordingly, the theme would into the
scope of HESS.

Unfortunately, the manuscript falls short of standards for articles in this journal. There are
several limitations: one the one hand it is the scope of the manuscript, on the other hand
it is its quality.

Scope: The manuscript reads sometimes more like a technical report (site-specific, use of
acronyms etc.) for regional managers or authorities than for a general scientific audience.
This also expressed in the objective section of the paper by stating that the study shall “…
help decision-makers decide in the design of treatment units to ensure water quality.” (L.
122 – 123). There is nothing wrong about this objective, but is not sufficient for a
scientific article, which should provide insights for a general scientific audience. As listed in
the detailed comments below, there are many parts of the manuscript that lack this
general interest but are very site-specific.

Quality: The narrow scope of the study is a lack of scientific quality in itself (for a scientific
article). There are additional limitations regarding the content and the way the methods
and results are presented. Conceptually, the study seems to only reflect an arbitrary
fraction of a hydrological system that requires a more comprehensive view. This holds true
first for the spatial aspect: the authors present results for only one part of the Ganga
watershed neglecting the entire upstream catchment including its influence on the study



area downstream. Second, it turns out (semi-)implicitly that only dry weather conditions
(the non-monsoon season) is considered without providing data and a rationale why this
specific analysis makes sense compared to a holistic view considering the entire annual
(hydrological) cycle. Third, the information regarding the urban water management and its
relevant components is very limited. Because the readers for example do not get
information about the structure of sewers systems, the degree of connectivity to
treatment plants etc., it is difficult to judge statements on measures such as affecting
mixed sewers. Also the state of the art of water treatment of relevant industries such as
tanneries (L. 131) is not explained. This leaves a reader wonder to which degree the
current status reflects best practices such as described in pertinent documents (https://le
atherpanel.org/sites/default/files/publications-
attachments/common_effluent_treatment_plant_amburtec_ambur_india.pdf).

There are also issues with the literature used, which seems at least partially outdated with
relevant papers on the topic and the Ganga river missing (e.g., Bowes et al., 2020; Khan
et al., 2018; Nepal & Shrestha, 2015). Other articles are cited (e.g., Chawla & Mujumdar,
2018; Jin et al., 2015), but the respective key findings are not really considered and
discussed.

Question marks exist also for some specific aspect regarding modelling and the data
analysis. The model for example is only accounting for steady-state flow. This is only
mentioned in the SI (Sec. S3). How are then transient conditions modelled? Or did the
authors only model steady-state low flow conditions, neglecting any impact during rainfall
(including non-point sources from urban and agricultural areas affecting P and coliforms,
for example)? On the data analysis side, I have doubts whether the different nitrogen
forms are correctly treated or whether nitrate and nitrate-N for example have been mixed
up (see also the comment below):

Apart from the content-related issues, the manuscript is hard to follow because the text is
often poorly structured, figures and figure captions are not always very clear (see also
below for details) or even showing contradicting results (e.g., Fig. S13 and Tab. S9). The
water quality model calibration for example, which is an essential part, is poorly
described. The fundamental information is only provided in the SI (Section S3). The
description is hard to follow. It is not very transparent which data has been used and
where and from when data is available (only 3 grab samples during low flow conditions)?
This makes it hard to get a complete and consistent understanding (e.g., how to reconcile
Fig. 5 with Fig. S10?).

 

Detailed comments

20: what are mixed sewers in this context?



23: Kanpur is not mentioned before. Why is this relevant? Is it relevant for the general
scientific audience or the regional authorities?
23 – 24, 28 – 30: These statements are contradictory: If proper STP development leads
to good water quality, this seems to off-set the climate change effect. This implies that
management has a stronger effect that climate change.
31: Keywords shouldn’t repeat words already used in the title.
36: As I read the cited article, there is not much information on how such a proper
management looks like.

L: 48: Does the problem only exist in that area?

48 – 57: This is very site-specific. What are the general scientific issues to be shared in
HESS?
66: What's this scenario?
77 – 78: Which limits?

L: 89 – 95: What are the findings of these studies? What questions emerge?

96: What were the scenarios accounting for?
100 – 103: This are very site-specific statements.
106 – 108: Why is this of general interest to the scientific community?

L: 113 – 117: What is the relevance of the two data sets? They haven’t been introduced?
The structure of the paragraph is not very logical.

L: 122 – 123: Is a meaningful objective, but very site-specific with relevance for the
respective authorities. A HESS paper however should provide general insights.

125, Sec. 21: Essential information is missing: climate, land use, hydrological data etc.
Not sufficient for a scientific paper.
134 – 136: Fig. 1 is not very helpful in this form. The relationships between the three
maps is not clear (panel a). Panel b is not clear either.
140, Table S1: Locations not clear; data not clear (in the SI). Insufficient to properly
understand the data.

L: 144 – 152: This paragraph can be skipped.



161 – 163: Sentence not clear. Have the findings by these authors (Chawla &
Mujumdar, 2018) also be considered for the hydrological analysis (e.g., their result
about the substantial uncertainty and the non-stationarity)? Are these findings taken
into consideration and if yes, how and where?
165: Which city?
184: One cannot see that well in the SI.
187: What's this?
194 – 195: How important are the headwater fluxes (water, nutrients etc.) for the final
results? Where have one to set priorities (up-stream or in the section itself)? -> This
could be a relevant question for a general scientific audience!
293 – 294: What happens upstream?
305 – 306: How is that calculated?
307, Sec. 3.1.2: This not really a result, but describes the scenarios used as boundary
conditions.
318, Sec. 3.1.3: This are not results, but reasons for the scenarios.
345 – 347: Adding loads of different water constituents does not make sense. They
have to be treated separately. Which non-point sources have been considered? Are
urban areas also delivering non-point source inputs?
348, Fig. 5: Partially poor scales: one cannot see actual values of many data points
(e.g., for nitrate or P).
356 – 357: What about the upstream basin?
372 – 374: why should that be a general result for which this reference makes sense? I
assume this very much depends on the spatial distribution of land use within a
watershed.
395 – 397: Does this hold true also for nitrate? Is groundwater no nitrate source?
Distinguishing between non-point and point sources seems needed.
415: Why should municipal sewage not contain P? Human excreta contain a lot of P!
418 – 422: Very specific results related to scenario assumptions.
460: This basically reflects the assumed changes in sources and the assumed climate
effect on low flow.
470 – 475: This results are relevant for regional decision makers but not for a general
scientific audience.

L: 501: Which treatment units?

544: Units missing.
551: This will happen anyway during rain periods?! But does it happen under dry
weather conditions? Basic explanations of the existing sewage system are missing.
564: From the figures, it seems that the 7 mg /L refer to nitrate-N, not nitrate. This
implied a nitrate value of around 28 mg nitrate /L. Please check the entire data for
consistency.
579 – 581: Such technical issues haven't been mentioned so far: the system
description regarding the urban water management system is not presented in
sufficient details.
619 – 621: There are major uncertainties! These should be treated much more
explicitly and quantitatively.

Table S1: What do the data represent? Mean values of measured data? How many data,



what type of samples, period of sampling etc.? Please clarify.

Fig. S2: No seasonal patterns? What are upstream conditions?

Fig. S3: How have these data be derived?

Fig. S4: For which gauging station?

Fig. S9: Where are measured data to compare with?

Tab. S9: The data contradict the results in Fig. S13. That’s confusing.

Fig. S13: Units are missing. What does CWC stand for?
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