General comments:

In this study, Rahman et al. explore the impact of drought on environmental flow (EF) in 27
catchments in the Indus basin, focusing on the period 1980-2018, using the Indicators of
Hydrologic Alterations (IHA). The authors use SPEI to quantify drought at various timescales.
Drought impact on low EFs is quantified using RVA. Their results show that the Lower Indus
Basin (LIB) is more vulnerable to drought than the Upper Indus Basin (UIB) and that drought is
related to extreme low flow (ELF) and low flow (LF).

The study on drought is in scope of the NHESS journal and is a good contribution to the field of
drought and environmental flow. The figures are well presented. However, the method and
analysis need some elaboration, especially the explanation on the IHA. The text is well written
although some paragraphs can be shortened because of repetition. The Discussion need some
elaboration to discuss the findings with existing literature. Below find my comments.

The authors are thankful to the reviewer for the careful revision and insightful comments, which
has significantly improved the manuscript readability and the quality. The manuscript is revised
following the comments from reviewer and response to each comment is given (in blue) in the
response file.

Specific comments:

¢ Abstract

The abstract is very concise, | suggest to provide a bit more information on the Indicators of
Hydrologic Alterations (IHA) in relation to the Range of variability analysis (RVA). In addition,
line 29-30 sound a bit too generic and is not directly studied here, please be more specific.

Response: Thank you for the valuable comments. The abstract is revised as suggested.

a. Threshold regression is used to determine the severity of drought (scenario-1, drought
severity that causes low flows)) and month (scenario-2, months where drought has resulted
in low flows) that trigger low flows in the Indus Basin.

b. The impact of drought on low EFs is quantified using Range of variability analysis (RVA).
RVA is an integral component of IHA, which is mainly used to study the hydrological
alterations in environmental flow components (EFCs) by comparing the pre- and post-
impact periods of human and climate interventions in EFCs.

The original Lines 29-30 have been removed.

1. Introduction
Line 33) “to the quality, timing and quality of freshwater flows”: The word “quality” is repeated.

Response: Corrected. Thank You for highlighting the mistake.



Line 37-39) The authors mention here that 65% of the discharge in rivers poses a moderate to
severe threat to biodiversity; in what way, in relation to water quantity or quality? In addition,
since when are those numbers altered? Please be more specific.

Response: The statement is revised as “On a global scale, it is estimated that approximately 65%
of the discharge and the supported aquatic habitat is under moderate to high threat (V& &marty et
al., 2010), connectivity of 48% of rivers is diminished (Grill et al., 2019), and fish biodiversity has
been significantly altered in 53% of the rivers (Su et al., 2021).

The research was published in 2010, where the authors (V& &marty et al., 2010) studied threats
to water security and biodiversity due to anthropogenic activities. There is no specific time frame
mentioned in the study to understand that temporal variations in magnitude of global river
discharge.

VaGmarty, C.J., Mcintyre, P.B., Gessner, M.O., Dudgeon, D., Prusevich, A., Green, P., Glidden,
S., Bunn, S.E., Sullivan, C.A., Liermann, C.R. and Davies, P.M.: Global threats to human water
security and river biodiversity. Nature, 467(7315), pp.555-561, 2010.

Line 46) “the alterations in flow regime”: which alterations?
Response: The statement is revised as “the hydrological alterations in flow regime”.

Line 55-56) “Eckstein et al. (2018) that ...”: this part does not fit into the sentence, what is meant
here?

Response: The statement is revised as “Pakistan (Indus Basin) is highly vulnerable to climate
change and placed at 8th position among the countries most affected by climate change (Eckstein
et al., 2018). Therefore, the Indus Basin experienced more frequent and severe extreme events in
the recent few decades.”

Line 58) Note that soil moisture drought is more specific than agricultural drought, see Van Loon
(2015).

Response: It is quite right that soil moisture drought is more specific than agricultural drought,
and agricultural drought is a phenomenon that occurs when there is insufficient moisture in the
soil to support crop growth. In many references, drought is broadly classified into meteorological,
hydrological, agricultural, and socio-economic droughts. As agricultural drought / soil moisture
deficit is not studied in this manuscript, this sentence was kept in the manuscript without revision.

Line 70) Where refers “this” to?

Response: Thank You for pointing out the mistake. The statement is corrected as “this study for
the first time evaluated the impact of drought on EF using the Indicators of Hydrologic Alterations
(IHA)”.

1. Study area



Figure 1) Where do the colors refer to in Figure 1d?

Response: The figure is revised into a single color consistent with the remaining colors.
Line 96-97) This is mentioned before already in the same section.

Response: The lines are removed as suggested.

In general, there is some overlap in text between the Introduction and Study area as the Indus basin
has been addressed in the Introduction already. | suggest to better align those texts to avoid overlap
and to address the urgency and the knowledge gap of studying EF in relation to drought in the
Introduction.

Response: the repeating statements have been removed from the introduction and study area
sections.

1. Methodology

Line 141) Please provide more information about using PCA in this regard? Has it done before in
this way etc.?

Response: Yes, the authors (Rahman et al., 2023a) have used the PCA method to systematically
propagate drought from one catchment in the Indus Basin to another catchment. To avoid the
repetition, we have added the reference in line 143 in the revised version of the manuscript.

Ur Rahman, K., Shang, S., Balkhair, K. and Nusrat, A.: Catchment-Scale Drought Propagation
Assessment in the Indus Basin of Pakistan Using a Combined Approach of Principal Components
and Wavelet Analyses. J. Hydrometeorol., 24(4), pp.601-624, 2023a.

Line 180-181) How are the IHA used to compute the EFC and how are ELF and LF defined?

Response: Thank you for your valuable comment. The application of IHA mainly depends on its
calibration procedure. In this study, the IHA is calibrated using advanced calibration technique
following the guidelines in the use manual
(https://www.conservationgateway.org/Documents/IHAV7.pdf) to capture both high flows and low
flows, which is already mentioned in the manuscript (Lines 182-188). After calibrating the IHA’s
EFC parameters with the observed input data, we selected only the ELF and LF because ELF and
LF are only observed during the drought period.

Line 184) What are the EFC parameters?

Response: The Indicators of Hydrologic Alterations (IHA) usually consists of a total 67
parameters, which are grouped into IHA parameters (33) and EFCs (34). The EFC parameters are
grouped into five major categories, (i) low flows, (ii) extreme low flows, (iii) high flow pulses, (iv)
small floods, and (v) high floods. The detailed information about the IHA parameters and EFCs
are available in user manual (https://www.conservationgateway.org/Documents/IHAV7 .pdf).


https://www.conservationgateway.org/Documents/IHAV7.pdf
https://www.conservationgateway.org/Documents/IHAV7.pdf

Since the flow in rivers are minimum during the drought period; therefore, this study considered
on the ELF and LF components from the five major EFC classes to understand the impact of
drought (i.e., threshold that triggers the ELF and LF) on EF.

Line 191) “widely used to assess hydrological alterations”. Please include references.
Response: The following references are added to the manuscript to support the statement:

Pal, S. and Sarda, R.: Measuring the degree of hydrological variability of riparian wetland using
hydrological attributes integration (HAI) histogram comparison approach (HCA) and range of
variability approach (RVA). Ecol. Ind., 120, p.106966, 2021.

Rahman, K.U., Shang, S., Shahid, M. and Wen, Y.: Hydrological evaluation of merged satellite
precipitation datasets for streamflow simulation using SWAT: a case study of Potohar Plateau,
Pakistan. J. Hydrol., 587, p.125040, 2020.

Shiau, J.T. and Wu, F.C., 2006. Compromise programming methodology for determining instream
flow under multiobjective water allocation criteria 1. JAWRA J. Am. Water Res. Assoc., 42(5),
pp.1179-1191.

Zheng, X., Yang, T., Cui, T., Xu, C., Zhou, X,, Li, Z., Shi, P. and Qin, Y.: A revised range of
variability approach considering the morphological alteration of hydrological indicators. Stoch.
Environ. Res. Risk Assess., 35, pp.1783-1803, 2021.

Line 197) “major steps in implementing RVA include..”. However, the authors are not considering
all those steps, which steps do the authors use and why?

Response: Authors have used most of the steps mentioned in the paragraph. For example, i) we
have studied the hydrological alterations in streamflow using the rate and magnitude of flow in the
rivers (ELF and LF), ii) we quantified the degree of alterations using the HAF (Hydrological
Alteration Factor) and results are shown in Figures 7-8, iii) before the application of RVA analysis,
our hypothesis tested in this study was that drought causes significant alterations in streamflow,
iv) the above hypothesis was tested using threshold regression and HAF, and v) since we quantified
the impact of drought (i.e., shown the terms of drought severity that causes ELF and LF (Table 2),
time where the drought caused ELF and LF (Tables 3-5), and Figures 7-8), the results and
recommendation in this study will help in implementing the necessary ecosystem measures across
the Indus Basin.

Line 201-202) Why are the drought years considered a post-impact period and the whole period a
pre-impact period? The impacts of drought are felt during drought and afterwards. Please explain
this division.

Response: As mentioned in the guidelines of IHA and RVA, we have to divide the study period
into pre-impact and post-impact periods to analyze the hydrological alterations. For instance, in
order to analyze the impact of a structure (e.g., dam) built on river, we have to consider the entire
study period as pre-impact (before the dam construction) and post-impact (after the dam



construction) period. However, decrease in the magnitude of streamflow might not only be
associated with the drought. Therefore, we have considered the entire study period as a pre-impact
period and the representative drought years as post-impact period.

Line 217-223) The authors explain here that threshold regression differs from change-point
analysis. Why is this explained and why is threshold regression chosen instead of change-point
analysis? Please elaborate on this better.

Response: The authors preferred the use of threshold regression over change-point analysis mainly
on the bases of the following three reasons.

1) threshold regression is capable to understand the non-linear relationship between the
threshold variables (drought and environmental flow in our case), while change-point
analysis can be used to see the changing trend in a time-series data (for instance, we
can only see the change point in drought or in environmental flow).

i) threshold regression is more robust than change-point analysis in dealing with non-
linear relationship between the variables, and comparable with other non-linear
regression models (e.g., spline regression model).

iii) threshold regression has the potential to adapt any shape (explained by Fong et al.,
2017) depending on the threshold variable and its threshold value

Line 225) How do the authors define drought severity in this study? Please explain this either in
the Introduction or Methodology. For example, are specific gradations of SPEI used to consider
drought severity (moderate drought, extreme drought etc.)?

Response: Drought is classified into different classes following the recommendations from
McKee et al., (1993), where the classification is based on the Standardized Precipitation Index
(SPI) algorithm.

1. Results and Discussion

Line 241) Where are the authors referring to with “Representative catchments”? Furthermore, this
sentence is probably not necessary.

Response: The statement is removed as suggested.

Line 245) The authors mention here “extreme, severe, and moderate drought events”, coming back
to my earlier comment, how are those defined?

Response: An explanation to drought severity classes has been added in the methodology section.
Line 283-284) How are ELF, LF, high flow pulses, small floods, and large floods defined?
Response: As mentioned previously, the output from IHA is classified into IHA parameters (33)

and EFCs (34). The EFC parameters are further divided into five major classes, including i) ELF,
i) LF, iii) high flow pulses, iv) small floods, and iv) large floods. The detailed information about



further division of these five main classes into other sub-classes can be found in the user manual
(https://www.conservationgateway.org/Documents/IHAV7.pdf).

Table 2) Indicate in the table that the first values are related to ELF and the second to LF.

Response: The Table 2 actually shows the drought values that resulted in ELF and LF. Since we
are correlating the ELF and LF to drought, we did not differentiate between the two EFC
parameters in this study because both LF and ELF are mostly linked with drought (no precipitation
for longer period thus turning meteorological drought into hydrological drought and results in LF
and ELF). Therefore, the table only shows the drought severity (values) that causes ELF and LF
in each of representative catchments in the Indus Basin.

Line 347) “three and four”, is meant here “three locations™?

Response: The Table 3 shows the time zone for a specific threshold (i.e., drought severity) where
there are no significant alterations in the flow as explained in lines 341-342. The “three and four”
mentioned by authors are not associated with locations, it is actually associated with the time zones
where the flow in rivers have no significant alterations. It can also bee seen in the table; for instance,
the entire study period in Gilgit catchment is divided into three time zones (i.e., 1980-1991, 1992-
2011, and 2012-2018).

Line 395) The 18 EFC components is coming a bit out of the blue, what are those 18 components?

Response: As explained previously, the five major EFC components are further divided into
different sub-classes. Here in this study, we have picked 18 sub-classes from the ELF and LF main
classes. These 18 sub-classes include the magnitude, frequency, and rate of ELF and LF at each
month (12 sub-classes from January to December) and 6 classes (including 1-day, 7-day, 30-day,
and 90-day minimum flows, low pulse count and low pulse duration.

Line 397) “Overall, environmental flow ... catchments in LIB”: why is this the case?

Response: The vulnerability of catchments to drought in terms of ELF and LF is categorized into
no alterations, moderate alterations and high alterations using the HAF. The conclusion mentioned
in lines 397-398 is based on the Figure 7 and explained in the text.

Figure 7) Please include more information in the caption; is it averaged over which time period,
which years etc.?

Response: Corrected. It is averaged over the entire study period.

There is no discussion (either in the Introduction or Discussion) about drought literature in the
Indus basin in general; did other authors use other methods to look at flows in the Indus basin in
relation to drought and what makes this study so innovative? Please elaborate on this in the
Introduction and/or Discussion (to compare it with the results of this study). In addition, it is
probably interesting to address catchment memory in relation to drought as it plays a huge role in


https://www.conservationgateway.org/Documents/IHAV7.pdf

drought impact on river flows and the prediction of hydrological drought, see for example Sutanto
& Van Lanen (2022).

Response: The discussion section is added into the manuscript following the recommendation of
both reviewers. Actually, this study is first of kind to link drought with environmental flow using
threshold regression; therefore, very limited literature is available on this topic. However, the
discussion section is added and novelty is highlighted following the guidelines and suggestions
from reviewers.

Authors are thankful to reviewer for the suggestions related to linking the current study with
catchment memory. Catchment memory, as explained by Sutanto and Lanen et al. (2022), plays
an important role in the transition of meteorological drought to hydrological drought in the most
upstream catchments without flow from upstream. However, for catchments in MIB and LIB,
flows are mainly from the corresponding upstream UIB/MIB catchments and less from local runoff.
Therefore, catchment memory is likely to have a minor influence on the hydrological drought in
the MIB and LIB catchments. As the study catchments cover the whole Indus Basin in Pakistan,
we did not add analysis related with catchment memory in this manuscript. However, analysis
related with catchment memory for the UIB catchments can be carried out in our future study.

1. Conclusion

Line 456) “The analyses have ... occurrence of droughts”: how did the authors show that
temperature plays an important role in the occurrence of drought? This study does not compare
drought indicators or look specifically at evapotranspiration or other definitions of drought.

Response: Actually, the climate of catchment in the LIB are mostly hyper-arid in nature and this
study found that drought is more severe in LIB than in other catchments of the Indus Basin.
Therefore, this conclusion was made that temperature plays a critical role in the onset of drought.
However, no such detailed analyses are carried out in this study and the statement is removed from
the revised manuscript.

Line 465) “In other words” does not really seem appropriate here as the text is not summarizing
what is said before.

Response: The term “In other words” has been removed in the revised manuscript.
Line 475-476) “In addition, the ... in specific catchments”: the SPEI coefficient increases with

increasing drought; do the authors mean the accumulation periods? At the moment, this sentence
is not clear.

Response: The statement is revised as “In addition, the SPEI coefficient from threshold regression
in scenario-2 (shown in Tables 3 and 4) increases with increase in drought severity, suggesting

that SPEI has a significant impact on environmental flow in specific catchments”.
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