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Note for the authors and editor

The following review was written by one of the students of the MSc programme Earth
and Environment at Wageningen University. As part of the course Integrated Topics in
Earth and Environment, students are asked to prepare a review of a scientific paper. I
supervised this review process, and submit this comment on behalf of the student that
produced it. The manuscript by Zaroug et al. was one of the manuscripts that was
selected for this exercise. The review is written as an official review in order to comply
with the course guidelines , but it should be considered by the authors as a regular
comment which they can use to improve the manuscript. I hope that this comment will
positively contribute to the review process and that it will help the authors to revise their
manuscript for possible publication in HESS.

Summary

The manuscript by Jayakaran et al. presents an analysis of the impact of hurricane
Hugo on the rainfall-runoff relationship and vegetation dynamics of a pair of water-
sheds in South Carolina. Using long-term streamflow records, unfortunately containing
some gaps, in combination with data on rainfall, the magnitude and timing of the ear-
lier observed reversal in relative flow magnitudes is quantified. In addition to that, the
potential influence of the vegetative composition, which showed a shift as a result of
the selective impact of the hurricane, on this process of reversal was studied using
tree inventory data. The subject being addressed in this study is of great relevance
as it provides understanding of the long-term effects that occur after a storm, which
are often not included in hydrological studies. During this long period the hydrological
response of two paired watersheds relative to each other are studied, in which also the
influence of (evapo)transpiration is taken into account.
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The results of this study provide valuable information on the impact of vegetation on
rainfall-runoff relationships, which are subject to changes over a period of about 14
years as a result of hurricane Hugo, which can for instance be included in the cal-
culation of the probability exceedence of a certain discharge. It would be interesting
if eventually the influence of disruptors like hurricanes can be included in models to
predict streamflow. I think this makes the paper interesting, as it can contribute to our
knowledge on the long-term effects of hurricanes on hydrological processes and the
role of vegetation dynamics. However, I have a few suggestions and minor comments
which I believe, can improve the clarity of the paper. I therefore recommend a minor
revision before publishing.

General comments

Evaporation from the land surface can have different origins: through transpiration from
plants’ stomata, evaporation from bare soil and evaporation from intercepted water.
The authors claim that the observed changes in runoff can be attributed to transpira-
tion rather than evaporation. Interception doesn’t play an important role in the short
term, but its impact shows to be apparent on the longer time scales (Gerrits, 2010).
Especially for aerodynamically rough vegetation like forests evaporation from intercep-
tion is thought to be a considerable fraction (Klaassen et al., 1998). Moreover, when
modelling the rainfall-runoff response, what is wanted to be achieved eventually, inter-
ception is an important process to include (Savenije, 2004).

In my opinion the statements made by the authors about increased transpiration being
the cause of decreased runoff found in WS77 are not supported by their results. The
authors assumed solely from Jasechko et al. (2013) that transpiration must be the
biggest driver in total evapotranspiration rates. However, Jasechko et al. (2013) states
that every individual catchment does show a unique evaporation trend as they all have
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a unique climatology and hydrology. In addition to this, the method used by Jasechko
et al. (2013) can be disputed as water from lakes is used to determine the isotopic
composition. However, it is not exactly known what the sources are of this lake water.
Therefore I think it is rigid to just assume, based on this article alone, that transpiration
is the largest component of the total evapotranspiration of the studied catchments. And
as said before, several other studies show that especially in a forested catchment the
fraction of evaporation from interception can be of considerable importance to include
in the hydrological analysis.

I would suggest to reconsider the terminology used and to also include the changes
in interception evaporation as a possible explanation given its importance in temperate
forests. Furthermore, it would be good to also cite other papers about the partitioning of
evapotranspiration which are specifically focussing on forested catchment (e.g., Bryant
et al., 2005, Klaassen et al., 1998).

A second general comment concerns the technique of moving sum of recursive resid-
uals (MOSUM) used by the authors to determine changes in runoff. This technique
is not often used in hydrological studies and the authors should therefore elaborate
more on how the method has been applied, why they have chosen it and what the
possible constraints and advantages of this method are (e.g. that a moving-estimates
test is more sensitive to parameters that are temporarily unstable than for instance the
CUSUM test because in the latter, the cumulated sums are used which become less
sensitive to parameter changes as the number of residuals becomes larger (Chu et al.,
1995)).

In addition to that, to me it remains unclear how the authors dealt with the periods of
missing data in figures 4 and 5 which result from using the ‘strucchange’ package in
R implemented by Zeileis et al. (2012). It is mentioned that non-linear axes are used
to deal with the data gaps, but this seems not to be the right terminology. The axis
itself is linear, but the data within is not linear due to the missing data. To clarify the
figure I would suggest implementing arrows or vertical lines at the place of the two
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gaps of missing data. To make it even more clear the x-axes can be renamed to for
instance: number of day with observations. Another more elegant option would be to
add another panel which shows the original data with its gaps in order for the reader to
understand the relation to the data shown. In this way the interpretation of the figures
would be easier.

Furthermore, in section 3.5 it was mentioned that analysing the points on structural
change, only a single breakpoint was assumed (p.11527, l.16). I would suggest to add
to this explanation that one breakpoint, can generate more than one break dates (as I
now had to find out myself using the package ‘strucchange’ in R), especially because
now in section 3.5 it appears for the reader that breakpoint and break date are the
same (p.11527, l.11).

All in all, I think both figures 4 and 5 need a better explanation on how the break dates
are obtained because the explanation given in section 3.5 and the caption beneath
figure 4 are confusing as they refer to two different 95% confidence intervals; ‘the long
horizontal dotted lines’, but also the ‘small horizontal lines that cross each break date’.
Now the break dates especially of the second panel in figure 5 not seem to fit the
description given in the caption of figure 4.

Another general comment concerns the interpretation of section 4.3 about seasonal
streamflow trends and its accompanying figures 7 and 8. This is in my opinion only
briefly discussed in the discussion section and therefore I would recommend some
further elaboration on the significance of difference in magnitude found, and if this
significance does hold for all months or that there is a seasonal effect, are necessary
to comment on, as this is done in all other parts of the results. The authors claim
in the discussion section that changes in the transpiration rate must be the cause of
the differences found between streamflow of WS77 and WS80 throughout most of the
year. However, alternative explanations are possible. The effect of soil moisture can be
important especially when focusing on seasonal trends (Johnson and Kovner, 1956).
In addition, especially when interpreting figure 7, a note should be made about the
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interception term as the relative importance of transpiration and interception do change
as the forest grows older (Naranjo et al., 2012) during the Flop era in comparison to
the Flip era.

In the current version of the manuscript, section 4.3 is not related to the rest of the
results and its significance is not clear. But it could be an interesting section as Brown
et al. (2005) found that there are found impacts on seasonal yield and flow regime due
to vegetation change, but that these impacts are unique per catchment. Therefore it
would be interesting to be able to determine if there is a significant seasonal effect for
these paired watersheds.

Another comment refers to how this work relates to other studies on land use effects on
evapotranspiration, for instance the recent work by Naranjo et al. (2012) who studied
the change in discharge and actual evapotranspiration both relative to the values found
before the disturbance using K-curves. This paper shows another way to determine
structural changes even at longer temporal scales. It could be interesting to see if a
same relation can be found when creating such a K-curve with the data the authors
used, and to note how it will evolve on the longer time scales (100 years) and then to
compare the first few years with the results from the LOESS analysis done.

The last general comment refers to the introduction where the authors mention the
limitations of the paired watershed approach, but they do not justify why this approach
is valid for their application. Did they have no other options regarding the data they
have got, or is it an appropriate method for the aims they want to achieve?

Specific comments

p.11521, line 16; which is believed to be related to soil water and depression storage.

p.11522, line 8; most of the temperate knowledge is from a 1938 hurricane...
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p.11524, line 2; WS77, the treatment watershed, (first comma should be added).

p.11530, lines 8-9; ...altered the reported break dates. The lines above suggest that the
break dates of the MOSUM analyses of watershed-specific rainfall-runoff relationships
is meant (figure 5), but it is not stated clear. It could be interpreted in more than one
way.

p.11533, line 4; 4.3 mm2 ha−1 should be 4.3 m2 ha−1.

p.11533, line 12; Table 9 should be Fig 9.

Table 1; In the column ‘Years’ the end date of the Flip era should be 2003 and the end
date of the Flop era 2011.

Figure 1; The locations of the weather stations are not clearly visible.

Figure 6; In the description of the second box seasason should be season.

Figures 7 and 8; When printing in black-white, they are not readable anymore. A
suggestion is to use different line types.

References

Brown, A.E., Zhang, L., McMahon, T.A., Western, A.W., Vertessy, R.A., 2005: A re-
view of paired catchment studies for determining changes in water yield resulting from
alteration in vegetation. Journal of Hydrology, 310, 28-61.

Bryant, M. L., Bhat, S., Jacobs, J. M., 2005: Measurements and modeling of throughfall
variability for five forest communities in the southeastern US. Journal of Hydrology, 312,
95–108.

Chu, C.J., Hornik, K., Kaun, C.M., 1995: MOSUM tests for parameter constancy.
Biometrika, 82, 603-617.

C5938

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/10/C5932/2013/hessd-10-C5932-2013-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/10/11519/2013/hessd-10-11519-2013-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/10/11519/2013/hessd-10-11519-2013.pdf
http://creativecommons.org/licenses/by/3.0/


HESSD
10, C5932–C5939, 2013

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Gerrits, A.M.J., 2010: The role of interception in the hydrological cycle. Dissertation
Delft University of Technology. ISBN: 978-90-6562-248-8, repository.tudelft.nl/assets/
uuid:7dd2523b-2169-4e7e-992c-365d2294d02e/thesis_gerrits.pdf

Jasechko, S., Sharp, Z.D., Gibson, J.J., Birks, S.J., Yi Yi, Fawcett, P.J., 2013: Terrestrial
water fluxes dominated by transpiration. Nature, 496, 347-350.

Johnson, E.A., Kovner, J.L., 1956: Effect on streamflow of cutting a forest understory.
Forest Science, 2, 82-91.

Klaassen, W., Bosveld, F., Water de, E., 1998: Water storage and evaporation as
constituents of rainfall interception. Journal of Hydrology, 212-213, 36-50.

Naranjo, J.A.B., Stahl, K., Weiler, M., 2012: Evapotranspiration and land cover transi-
tions: long-term watershed response in recovering forested ecosystems. Ecohydrol-
ogy, 5, 721-732.

Savenije, H.H.G., 2004: The importance of interception and why we should delete the
term evapotranspiration from our vocabulary. Hydrological Processes, 18, 1507–1511.

Zeileis, A., Leisch, F., Hornik, K., Kleiber, C., Hansen, B., 2013: Package ‘strucchange’
– Testing, Monitoring, and Dating Structural Changes. R-project.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., 10, 11519, 2013.

C5939

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/10/C5932/2013/hessd-10-C5932-2013-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/10/11519/2013/hessd-10-11519-2013-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/10/11519/2013/hessd-10-11519-2013.pdf
http://creativecommons.org/licenses/by/3.0/
repository.tudelft.nl/assets/uuid:7dd2523b-2169-4e7e-992c-365d2294d02e/thesis_gerrits.pdf
repository.tudelft.nl/assets/uuid:7dd2523b-2169-4e7e-992c-365d2294d02e/thesis_gerrits.pdf

