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The Authors highly appreciate the suggestions and constructive criticisms posed by the
reviewers. We also would like to thank the editor Dr. Uwe Ehret for handling the review
process of the manuscript. Here we present our response to the discussion issues that
have been arisen during the review process.

1- Referee #1:

The Authors would like to thank the referee Dr.Winfred Mbungu for the time dedicated to
review this manuscript. We greatly value his comments and suggestions; they helped
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us to improve the manuscript. We have given feedback after each comment as follows:

General comments: This paper is generally of good quality, as methods used in the
analysis are acceptable and have been widely used in other areas for trend analysis
and for understanding the hydrologic alterations. The authors have elaborative, except
for the few areas that have been outlined below. The presentation has been good
and it is a contribution to knowledge Variability of hydro-climatic parameters has a
great influence on the hydrology and sustainability of ecosystems in many landscapes
around the world. The situation is alarming in Africa, because of the anthropogenic
influence. In order to properly manage water resources, knowledge of variability and its
impacts on hydrology is essential. This study has played a great role in understanding
trends in rainfall, temperature and streamflow. The use of temperature as a proxy for
evapotranspiration is especially interesting as it indicates the increasing or decreasing
of evapotranspiration which has a great influence on the hydrology of the landscape
or watershed. The use of the trend test is especially useful for a snapshot view of
the general direction and magnitude of trends. In addition, the use of the using the
Indicators of Hydrologic Alterations (IHA) has been important for understanding stream
modifications in relation to ecological functions.

Comment: In line 22-25, the authors describe that there were missing gaps of the data
variables, and had used visual inspection and regression analysis to fill in the missing
gaps, and further describe about the streamflow data that had typos and outliers, but
did not elaborate if the methods used were common for all the data variables or were
specific. It will be especially important to note how missing gaps in flows were treated,
for which Iam sure are not going to be the same as rainfall data which can utilize the
neighboring stations.

Response: Different methods have been used to fill in the missing gaps of the data
variables. Regression analysis was used to fill in the missing gaps in monthly precipi-
tation. Continuous missing data for a length of one year were omitted from the analysis.
For flow data, missing data of a short duration (e.g. 1-2 days) was filled using linear in-
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terpolations. Missing data of more than 2 days was filled using rating curves. However,
missing flow data for a length of one month or more were omitted from the analysis.
This paragraph was added to section 3.3.

Comment: Page 8, line 30: describes about the availability of long-term ETo data for
some areas in the watershed, I am surprised why the authors did not want to use the
data in the trend analysis.

Response: Unfortunately, what is available is the long term mean values of ET0 from
IWMI Online Climate Summary Service Portal (http://wcatlas.iwmi.org/results.asp) and
not the time series itself. ET0 was used here to check whether climate data are from
similar climate zones.

Comment: Section 4.1.1: line 9 describes that there are no significant trends at 5%
level of significance from the 12 precipitation stations, but we do not see the data that
support that. It is only a statement describing that, but it would be useful to have data
that confirms what they describe.

Response: Table 3 showing the Man-Kendall results of the 12 precipitation stations is
added to the manuscript. Comment: Some Typos and other errors Section 4.1.2: line
22-23: these can be moved to the methodology section

Response: Agreed. Line 20-23 were moved to the methodology section.

Comment: Section 4.2.1: line 29 ”is likely affect” Should read ”is likely to affect”

Response: Corrected to ”is likely to affect”

Comment: Section 4.2.2: line 9 ”are likely affect” should read ”are likely to affect”

Response: Corrected to ”are likely to affect”

Comment: Section 4.2.3: line 23-24: ”Four large flood peaks were occurred” should
read “four large flood peaks occurred”
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Response: Corrected to “four large flood peaks occurred”

Comment: Section 4.2.3 line 26 ”Timing shift of the Dinder river peak flow may leads
to ” Should read “timing shift of the Dinder river peak flow may lead to”

Response: Corrected to “timing shift of the Dinder river peak flow may lead to”.

Comment: Section 4.2.4: page 12 line 3-4: the sentence “Likewise, the median rate
of flow rises in Rahad River has decreased by 40% from 5 m3/s/day during the pre-
impact period to 3 m3/s/day during the post-impact period.” The sentence needs to be
re-written to avoid ambiguity.

Response: The sentence was rewritten as: “Similar to Dinder, the median rate of flow
rises in Rahad River has decreased by 40% from 5 m3/s/day during the pre-impact
period to 3 m3/s/day during the post-impact period.”

Comment: Page 9, Line 15-16: the phrase “His result found not significant trends in
precipitation in all inspected stations” needs to be re-written as it is difficult to under-
stand what the his refers to.

Response: sentence was rewritten to: “Using the MK test, Tekleab et al. (2013) found
no significant trends of precipitation in the Abbay/Upper Blue Nile basin”

Comment: Page 3, Line 17 should read: LULC changes have widely been reported

Response: The sentence was corrected to “LULC changes were reported widely”.
Same correction on Page 14, line 2-3: “LULC changes in neighbouring catchments
of the Blue Nile headwaters has been widely reported in literature” was corrected to
“LULC changes in neighbouring catchments of the Blue Nile headwaters have widely
been reported in the literature”

Comment: Page 8, Line 21 the words “gapsand” should read “gaps and”

Response: Corrected to “gaps and”
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Comment: Page 3, End of line 22- beginning of line 23: has been reported in the
literature

Response: Corrected to “has been reported in the literature”.

2- Anonymous Referee #2:

We thank the anonymous referee #2 for his/her constructive comments. His/her
suggestions and comments helped us to improve the quality and readability of the
manuscript. We have responded to all comments as given below: General comments:
The topic is interesting and its content is useful for research and for development as
well with clear objective of investigating the long-term variations of stream flow, rainfall
and temperature over the D&R and its implications on the DNP wetlands ecosystems.
However, the followings are my general comments:

1. LULC changes occurred around early 1990’s in the upper Dinder and Rahad was
the assumption for the study and 1992 was the separating time period for the analysis
of the changes for the IHA statistical comparison. However, this assumption can be
proved or analyzed by LULC change detection techniques.

Response: This is correct, i.e., to use LULC changes detection technique to investigate
alteration in hydrology. In fact, this is the content of our next paper. Here, the hypothesis
is to investigate if climate, i.e., trends of temperature and precipitation are responsible
for the alteration in hydrology. It becomes unacceptably long manuscript to combine
both derivers (climate and LULC changes), responsible for hydrological alteration.

2. The IHA technique computes 33 hydrologic parameters for each 10 year. But pa-
rameters and their ecosystem influences were not mentioned anywhere (figure 8) and
also how parameters are calculated. Example, Mean or median value will tell us about
the reliability of water for aquatic animals living in Mayas.

The referee is correct, only general reference is made to the effect of hydrology al-
teration to ecosystem, e.g., as given in Section 4.2.1: “The alteration of the monthly
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flow magnitude between pre and post-impact periods in particular during months of
high flows (August-October) is likely to affect habitat availability in particular on flood-
plains, which may lead to decrease or even disappearance of native plants species
and increase in non-natives plants species that might not be suitable for the herbivores
wildlife that inhabit the DNP” and also in Section 4.2.2. However, the detailed analysis
of hydrological influence on the ecosystem is beyond the scope of this paper, otherwise
the paper becomes too long.

3. Observed and expected frequency were used to calculate hydrological alteration
factor (HA) but it is not well described what is expected frequency and how to find or
calculate expected frequency.

Response: In an RVA analysis, the full range of pre-impact data for each parameter is
divided into three different categories. The default method for non-parametric analysis
is to divide the data into three equal categories (0-33rd percentile, 34th-67th percentile,
and 68th-100th percentile). The IHA software next computes the expected frequency
with which the "post-impact" values of the IHA parameter should fall within each cat-
egory, based on the pre-impact frequencies (in the non-parametric default, this would
be 33% of the annual values in each of the three categories). Then it computes the
frequency with which the “post-impact” annual values of IHA parameters actually fell
within each of the three categories. A Hydrologic Alteration factor is then calculated
for each of the three categories as shown in Eq.7 in the main manuscript. More de-
tails can be found in the IHA V7.1 Tutorial prepared by The Nature of Conservancy
(2009). A paragraph describing how expected frequency was calculated, was added to
the methodology section of the main manuscript.

4. They used 12 stations for precipitation, 1 station for temperature and 2 flow stations.
In my opinion 1 temperature station will not be enough to represent spatial variability
of the catchments. Also, Gondar and Bahir dar cannot represent the two catchments
as they are found at the highlands of UBNRB. Moreover, they used regression analysis
between neighboring stations to fill in missing data, which is not clear how they fill the
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gaps of a single temperature station. There is no information how they filled the missing
values of streamflow or how they detect outliers.

Response: The referee is right that, data availability is really a challenge in this region.
However, the long term rise of temperature has widely been reported in the literature
(e.g. Tekleab et al. 2013, Bashir et al. 2016),), while the results of precipitation trends
has been controversial. This is why our focus was more on long term rainfall data. We
have analysed 2 temperature stations with long records, one to represent the highland
(Gondar), and the second for the low land ((Gedarif). The results also agreed with
literature, in that there is a temperature rise of between 0.2 to 0.6 oC/decade during
the last decades.

For the rainfall stations, we assumed Gonder and Bahir Dar to represent the highland
of the D&R, while the remaining stations to represent the low land of the catchment.

We have used reference crop evapotranspiration ET0 as a proxy to verify similarity of
climate zones before using neighbouring stations in regression analysis. Furthermore,
the regression is rejected if it shows low regression coefficient (R2 < 0.5). This is added
in page 8, lines 29-30.

5. The IHA analysis indicated that the Rahad River flow was coupled with significant
upward alterations in some of the hydrological indicators. In contrast, the Dinder River
flow was coupled with significant downward alterations. Alterations in magnitude and
duration of the annual flood peaks that reduce the amount of water flowing to the river
floodplain, may diminish the production of native flora and fauna, and animal migration
that may be linked to floodplain inundation. This conclusion is too general as there is
no any standard set for habitat suitability indices to quantify what percentage of flow
variation affects the flora and fauna?

Response: We agree with the referee that this is a general conclusion. In fact, the
scope and length of the manuscript doesn’t allow detailed evaluation of the influence
of the hydrological alteration onto the ecosystem service. This will be part of our fu-
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ture research in the pipeline, in that we will make use of the hydrological alteration to
determine the influence on the hydrodynamic and morphology of the mayas, and then
assess the impact on the ecosystem services. We have modified the conclusion to
reflect limitation of this part of the analysis.

6. There is no any drawn conclusion from RVA analysis and also from change detected
of precipitation and temperature. The rise in temperature may not or may be favorable
for animals living in DNP......

Response: This is correct, there is no conclusion on the effect of hydrological alteration
on the ecosystem services (vegetation, animals, etc.). This is beyond the scope of the
paper. The paper focus on the quantification of the hydrological alteration only. Is it
true or not, and how much?. These are essential information to evaluate the effect on
the ecosystem services. The later needs a lot of work, first to define the ecosystem
itself, and how it will be influenced, before quantifying the hydrological impact.

7. Figures are not well described or clarified in text. For example figure 4, 5 and 6
showed peaks or abrupt change points but nothing was mentioned what was happened
during that time on the Mayas ecosystem or the historical impacts of the high and
low flow. In general it lacks detail description of methodology and summarized result
analysis and conclusion of the 33 parameters.

Response: The following paragraphs were added to the revised manuscript for more
descriptions of the figures. “Figure 4 showed the Pettitt test results for the abrupt
changing points. Significant abrupt changes for August flow (flood period) and for
November flow (recession period) in Dinder River were observed. Decreasing of river
flood directly affects inflows to mayas, which might lead to drying some of the mayas.
It has been observed that during the early 1990s the area of some mayas inside DNP
have radically decreased due to the variation in river discharge and sediment deposi-
tion processes (Abdel Hameed 1997). Such mayas can no longer store enough water
to satisfy the needs of the wildlife populations throughout the dry season”.
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Figure 5 was described on page 10, line 26-30. Figure 6 was described on page 11,
line 5-7. For more clarity, the description of Figure 6 was rewritten as “Figure 6 has
shown that the post-impact median flow maxima for 1, 7, 30 and 90-day intervals in
the Dinder river were, 14 %, 13%, 15%, and 14%, lower than pre-impact. In contrast,
in the Rahad River increasing patterns were observed, with a post-impact median flow
maxima for 1, 7, 30 and 90-day of 6 %, 9%, 16%, and 21%, respectively higher than
pre-impact”.

Detailed description of the IHA methodology was added to the manuscript (method
section) as we pointed out in our response to comment 3. Summary of the result anal-
ysis and conclusion of the 33 parameters was improved by considering all comments
and valuable suggestions by reviewers.

Some additional comments to specific paragraphs: a) page 4, line 25-30: The ESS
should be clearly distinguished. Seperate them into the common categories, also by
using a table.

Response: We have categories the ESS according to the categories proposed by the
Mulinium Ecosystem Assessment (2005). The ESS were separated in table 1. Since
this is a new table, we re-numbered tables in our revised manuscript.

b) page 5, line 21-23: Which loss of biodiversity occurred? Give facts!

Response: Here, we referred to literature on the effect of hydrological alteration on
the ecosystem service , e.g., Sulieman and Mohammed (2014) who reported that
aquatic and terrestrial plant species have disappeared and some are subjected to se-
vere threats” as a result of destruction of their natural habitats. In our next research we
plan to assess effect of hydrological alteration on ecosystem service.

c) page 7, line 30-32: Which kind of significance tests are used for the HA?

Response: To calculate the significance count for the deviation values, the IHA software
developed by The Nature Conservancy (2009), is randomly shuffles all years of input
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data and recalculates (fictitious) pre-impact and post-impact medians and coefficients
of dispersions 1000 times. The significance count is the fraction of trials for which the
deviation values of the medians or coefficients of dispersions were greater than of the
real case. A low significance count (minimum value is 0) indicate that the difference
between the pre and post-impact periods is highly significant, and a high significance
count (maximum value is 1) indicate that there is little difference between the pre and
post-impact periods. The significance count was interpreted similarly to a p value in MK
statistics. This clarification was added to section 3.2 of the methods. A new table (Table
6) was also added to the manuscript to show the significant count for all parameters of
interest.

d) figure 2: Which ET0 formula was used? How sensitive are the absolute ET0 values?

Response: The FAO-56 Penman-Monteith (PM) equation (Allen et al. 1998) was used
to estimate ET0. Numerous studies have been performed using lysimeter data and
have shown in most cases, the PM to be the best method for estimating ET0. A study
by Droogers and Allen (2002) has assumed that the PM can be used to represent
a standard for ET0 estimates, and proved that it is true in terms of practical applica-
tions found around the world. The PM was used with the worldwide data set with no
adjustment.

e) figures 5 -7: The significance of the decrease / increase is not explained or tested.
Moreover, there are some 0-values which are probably "no data" values (e.g. Rahad
River in August).

Response: The first part is similar to comment c) which we have answered above.
In second part of the comment, the referee is right, there is no records of flow at the
beginning of the wet season for the months of July and August for Rahad River during
1999. Likewise, there are missing data in the records for the months of October and
November (end of the wet season) for both Dinder and Rahad during 2002. Since
there is only one hydrological station on the Dinder and only one station on the Rahad,
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filling the missing data using regression is not possible. We can only fill in the missing
data with the monthly mean values or leave it with no data. We have checked both
options but we found no significant differences in the results since we are analysing
more than 40 years of records. Thus, we have shown the results analysis of the data
that contained no data for those particular months.

f) page 12, line 10-31: In this form not readable (you get "dizzy").

Response: Thanks. This section was summarized as “The RVA was originally de-
signed for setting initial river management targets for river systems in which the natural
hydrological regime has been altered by human activities. Significant alterations were
reflected by the IHA parameters (median for a post-impact period) falling outside the
range of variation observed for the period of record representing natural conditions.
Thus, the intent of management targets derived using the RVA is for observed IHA pa-
rameter values to fall within a natural range of variation between high and low bound-
aries. Our results of the Dinder show that the magnitude of the monthly flows during
the wet season (July-November) are within the range of variation except for November,
the flow fall outside the high RVA boundary. In contrast, the Rahad river flows for all
wet months fall outside the high RVA boundary (Fig 5). When analyzing the median
flow maxima for Dinder, we found that flows for 1, 7, 30 and 90-day intervals, fall below
the low RVA boundary. While in Rahad, all flow maxima fall within the RVA boundaries
except for 30-day maximum the flow falls outside the high RVA boundary (Fig 6). The
median flow rise rate for both Dinder and Rahad Rivers fall above the high RVA bound-
aries, while the median flow fall rate fall below the low RVA boundaries (Fig 7). All
streamflow Hydrologic Alteration factors for the three categories of RVA for both Dinder
and Rahad are reflected in Fig. 8.”. Line 10-31 of the manuscript will be replaced by
the above summary.

g) page 13, line 15-18: Quantify the LULC!

Response: Of course quantification of LULC will give much support to our result anal-

C11

ysis, but requires a lot of work which is beyond the scope of this study and will be part
of our next investigation.

Yours sincerely,

Khalid Hassaballah

On behalf of the co-authors
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