Authors’ reply to interactive comment posted by Dr. Jan Seibert on behalf of one of his students
regarding the HESS Discussion paper “Simulating cold-region hydrology in an intensively
drained agricultural watershedin Manitoba, Canada, using the Cold Regions Hydrological
Model”

Dear. Dr. Seibert and student,

We appreciate the comments from your student and would like to address major points in the
document, as follows:

Main assessment

1. Reviewer: The literature review however shows that mainly well-known as well as
for national concerns developed concepts and models are applied which is not
convincing regarding the actuality and importance of the paper. Itis not clear
how this topic is addressed on a global scale.
Authors: It is acknowledged that the paper deals with a very specific setting,
which is a distinctive combination of cold-regions physiography and land use.
However, important insights can be gained from application of the model in this
environment. Much research attention has been focussed on cold region
agricultural environments, but significant challenges exist in modelling
hydrological processes on the Canadian Prairies and other similar agricultural
regions globally where runoff events are mostly concentrated during the snowmelt
(Shook and Pomeroy, 2010;Liu etal., 2014, 2013). Many of the most productive
agricultural areas in these regions are characterized by relatively flat topography,
low-permeability soils, and intensive agricultural practices. As a result, scaling
results and application of models developed for other agricultural regions tends to
result in poor model performance. A recent discussion by Wheater and Gober
(2015), based on observations or simulations done in a case-study basin on the
Prairies, highlight the importance of such efforts since a single basin can “embody
many of the challenges” faced by other regions. Those authors cite the work done
in South Tobacco Creek watershed, whose area is only around 73 km? but where
work has been developed to improve local and regional modeling capability for
BMPs. While South Tobacco Creek watershed has many unique features and is
not discussed in a global context, work done there has furthered the scientific
knowledge of hydrological processes in cold regions in a broader sense. Likewise,
the work reported in the present manuscript can have the same impact and fill
some of the current knowledge gaps in cold agricultural regions.

2. Reviewer: The paper is challenging to read, as it describes every step within its
technical details and has no structural overview (process chart).



Authors: A flowchart showing the workflow used in the analysis has been added
as supplemental material in the revised manuscript (figure is reproduced below
for convenience). The sub-sections in Material and Methods sections match the
description in the figure.

Module selection

v

Model parameterization

v

Simulations

v

Model assessment

v

Validated model

Sensitivity analysis Model falsification
(Storage parameter in (Modules turned off)
the Muskingum model) N v ¥ \"

v N\ 5||les

c =] c S

x 18| |2]|SE
g E||5]|E||EE
@ e sl |2 |=|]|%=
@ 2 21z 21123
& ) = |2 c||'s <
k= 2|0l |I&8(|2 8
g g S||m g
0o LL Y—

Major points

3. Reviewer: For a reader this paper is hard to follow; which step, which model-
partis described where. Therefore, include a process chartand use same terms.
Plus, insert graphs and tables, where they are mentioned.
Authors: A process chart of the model developed for this exercise has been
included in the supplemental material of the revised submission (figure
reproduced below for convenience). Regarding figures and tables placement, it is
standard procedure for these elements to be placed at the end of the manuscript
during the review process. Proper placement will take place at the typesetting
stage, when the document will have its final format defined.
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4. Reviewer: The Falsification used in this research tries to assess model
performance by removing modules and characterize the resulting model
performance. This approach has in my opinion two weaknesses: i) The time
period falsification is conducted includes a period where no statistical measures
for model performance have been done. This is critical regarding the informative
value of the falsification; ii) Evidence of falsification is not given through this
approachor itis at least not discussed. Discussing only the model performance
differences, the proof of falsifiability is still not given.

Authors: Regarding the first point, statistical performance canonly be assessed
when observed data is available. In the case of stream discharge, which was the
variable used for model assessment, records were only available from March to
October because most streams in the Canadian Prairies are frozen during the
winter. However, the processes evaluated in the model falsification, which will
influence streamdischarge, take place at the onset of winter. For example, soils
can be frozen as early as November in the study area, depending on weather
conditions. Similarly, blowing snow can take place as soon as the precipitation
phase changes from liquid to solid, which can happen as early as October.
Development of these dynamic conditions over the winter will strongly affect
stream discharge, as discussed in the manuscript. Thus, beginning the falsification
only when stream discharge data is available would not allow for the processes to



be simulated. Regarding the second point, evidence of falsification was not
extensively discussed for two reasons. First, due to the manuscript length,
presentation and discussion of the variables pertaining to the falsified processes
were not included. Second, there was no observed data to be assessed against the
simulations of these variables. This is why the impact on modelled flow was
utilized for comparison.

5. Reviewer: Review gives a hint for incomplete investigation of existing research.
Try to include as well international research and look for similar approaches.
Authors: Research from Europe and Asia has been cited in the introduction.
However, studies using similar approaches or even dealing specifically with
agriculture in cold regions at the scale used in the present study were not found in
the literature review process.

6. Reviewer: Material and Method: This chapter is too detailed and canbe
shortened. Find out which information is really considerable and important to
understand your Model process. The rest can be shown in a process chartor can
be described as an adaptation of existing concepts/models etc.

Authors: The number of analyses included in the manuscript made it difficult to
shorten the length of the Material and Methods (M&M) section after adding
additional detail that was requested by reviewers. However, a few paragraphs of
the M&M section have been shortened or included as supplemental material and a
process chart have been added as per suggestion.

Minor points
7. Reviewer: Introduction: Research content and aims are mentioned, question and
hypothesis are missing
Authors: Research questions and hypothesis have been added in the last paragraph
of the Introduction section, as suggested

8. Reviewer: Implementation of land-use split method to define HRU ’s: Use of this
approach has to be justified and evaluated. Both is done insufficient.
Authors: The land-use split methods has been evaluated in previous modelling
exercises in the study area using SWAT, which is documented in the manuscript
with the proper sources cited [i.e. Yang et al. (2014)]. This approach is justified
since it facilitates and expedites model setup and parameterization. This
explanation is given in the section dealing with HRU definition, which is now
presented as a supplemental material with the revised version of the manuscript
(c.f. answer to question #6). The validity of the land-use split method to represent
crop rotations in the study area is confirmed by the satisfactory simulations of two



10.

11.

independent model exercises [i.e. the present analysis and the one done by Yang
et al. 2014] performed with different tools running at different time-steps. Also,
the semi-distributed nature of the model, where HRUs are not spatially
represented, decrease the effect of fine representation of crop rotations on model
results. Evaluation of this technique is out of the scope of the present work and
would itself be a standalone manuscript. That said, the current representation of
agricultural areas using the land-use split method constitutes anadvance in
simulating this type of land use in a modelling framework in CRHM, since past
applications of the model treated cropland in a simplified and static manner.

Reviewer: Assessment of the model: Besides the falsification the model
assessment period for the statistic metrics (March to October) makes no sense
without i.e. meteorological explanation of the catchment. It seems like the
assessment for snow related runoff modelling is conducted in snow free periods.
Authors: Meteorological explanation of the catchment is a very important topic.
Its complexity does not allow a complete treatment within the limited space in the
manuscript at hand; however, aware of the importance of the weather inputs to
model simulations, the authors have prepared a companion manuscript to be
submitted to the ESSD journal that describes the uniqueness of the datasets used
to force CRHM in the present analysis. The manuscript is nearly complete and
will be submitted soon. We have also noted in the revised manuscript that runoff
producing snowmelt events do not occur over the course of winter in this
environment as in warmer climates, rather snowmelt runoff only occurs with the
onset of spring. Regarding assessment, as explained in the answer to question #4,
model assessment was conducted between March and October, which
encompasses the end of the snow period (i.e. snowmelt) throughout spring,
summer, and fall. Selection of this period was dictated by data availability.
However, the most hydrologically important period (i.e. spring) was largely
driven by winter conditions. Thus, the good simulations during spring reinforce
the robustness of the simulations of hydrological processes over the winter.

Reviewer: Ch. 3.4: The model adaptation mentioned in this chapter is hidden and
not explained in the method part. Implement it earlier and bring itinto a context.
Authors: A description of the sensitivity analysis is included as a new sub-section
in the Material & Methods section of the revised manuscript.

Reviewer: Discussion Line 555ff.: Here it is mentioned that low flow conditions
are important for land use management in Prairies. At the same time, it is
mentioned, that low flow has only low impact on nutrient transport. Though, why
are low flow conditions important? This explanation isn’t clear enough.



Authors: The section mentioned by the reviewer specifically refers to drought
conditions, which are important from a water resources perspective. The source
cited in the manuscript [i.e. Fang and Pomeroy (2007)] state economic loss of the
order of billions of dollars in the region due to drought, which makes it important
from a land use perspective (e.g. summer fallow to save soil moisture). However,
from a nutrient perspective, the smaller magnitude events account for very little of
the overall export. This section of the manuscript has been rewritten to clarify this
point.
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Authors’ reply to interactive comment posted by Anonymous Referee #1 regarding the HESS
Discussion paper “Simulating cold-region hydrology in an intensively drained agricultural
watershed in Manitoba, Canada, using the Cold Regions Hydrological Model”

Dear Reviewer,

We appreciate your comments and suggestions to strengthen the manuscript. Please find below
the answers to your comments.

General comments
Reviewer: The manuscript could be improved by providing clearer description of
the modeling framework. Also, Discussion section may need to be revised to be
more organized. My suggestionwould be major revision.
Authors: Model framework and a process chart describing the analysis workflow
have been included in the supplemental material of the revised manuscript as per
reviewers’ suggestion. The discussion section has also been modified to improve

flow.

max. sunshine

Solar Radiation |y,1,5| ragiation
windspeed
Observation |temperature
humidity | |
Rainfall, snowfall
hort-wave hour yvyy
adiation | long-
[ e| wave »__Canopy ]
radiation snowfall ¥
windspeed Walmsley's | adiusted | | : PBSM v
adjusted vy YV vy
short- and albedo >
long-wave SWE >
radiation | EBSM
rainfall »
4 Y v
albedo ‘ Summer Net
> Radiati
¥
snowmelt » rain, snow infil.
SWE | |nfiltration and runoff

ralgiflall

tion

changing crop YV V¥

Crop height during radiation N
Growth --970ing season S » Evaporation
| rainfall
Volumetric evapotranspiration
Soil Moisture
soil moisture

Hydraulic
Conductivity
Estimator

drainage

factors runoff

Muskingum
routing




Module selection

v

Model parameterization

v

Simulations

v

Model assessment

v

Validated model

Sensitivity analysis Model falsification
(Storage parameter in (Modules turned off)
the Muskingum maodel) v v " v

l/\ Sl|e 15

[ +— | e

x S|zl |E||2E
<) =] e (@) _ o
c c S c = =
] %) = o D O

) = =| || ||| 2
g > s||m|l|g||8 8
o n S| |m ©
(| LL Y—

Specific comments

1. Reviewer: Line 120-121: The study area is a sub-catchment of the La Salle River
watershed, so itis shown in Fig. 1b right? Maybe the authors can revise this
sentence to make it clearer. Also, what is the importance of this sub-catchment to
the watershed? Is data coverage limited in other sub-catchments (in other words,
why not study the whole watershed)?.
Authors: Only the sub-catchment was used in the present study due to weather
data availability in an hourly time-step, which was required to force some
physically-based processes in CRHM, such as the energy balance snowmelt
model. This information has been included in the revised manuscript.

2. Reviewer: Line 144: The streamgauge is located 80 meters downstream of a
dam. As a result, streamflow will be significantly affected by human operations of
the dam. The authors may need to explain how they introduce anthropogenic
impacts into their modeling framework and how they evaluate their model
performance fromthis perspective.



Authors: During the time period of study the operation of the dam was used to
maintain a minimum water level during the summer months (i.e. no stop-logs are
added or removed). Therefore, stream discharge is not significantly affected by
human operations of the dam. This information has been added to the revised
manuscript.

Reviewer: Line 174: DEM of 90 mresolution is a little bit coarse for modeling a
small subcatchment of 189 km2. Based on Fig. 1, the watercourse is not very
detailed. It would be helpful if the authors can show the drainage network they
generated and used in the modeling framework.

Authors: The best available DEM was used at the time of model setup. However,
besides the watercourse, and maybe even more influential for stream discharge, is
the presence of surface drainage ditches (thus the title of the manuscript). A major
effort was made in order to incorporate surface drainage ditches into the
representation of the drainage network used in this study. As detailed in the
manuscript, the DEM-derived stream network was augmented using recent aerial
photography, LIDAR, and a ground based inventory of ditches and culverts,
resulting in a much more detailed drainage network. This detailed network is
shown in Fig. 1b. For a clear assessment of the drainage network, a supplemental
figure has been added to show in more detail the drainage ditches included as a
HRU in CRHM and used in the calculation of parameters such as distance from
upland HRUSs to stream. This figure is reproduced below for convenience.
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Study area (Sub-catchment of the La Salle River Watershed)

Drainage network (River channel + surface ditches)

Reviewer: Line 226-232: The model description of CRHM is not clear enough. |
understand that there are references of this model, but to make this manuscript a
standalone paper, it would be helpful if the authors can provide more information
about the main model. Based on description, it seems the model is coupled with
SWAT. It would be helpful if the authors can provide a flowchart to explain how
their modeling framework works.



Authors: Some detail was excluded from the original manuscript to reduce text
length of the manuscript and because the model detail had been previously
described in Pomeroy etal. (2007). The text has been altered to clarify that
CRHM was not coupled with SWAT, but the watershed delineation and HRU
definition from a previous SWAT model were used to setup CRHM in the present
exercise. A flowchart showing the model framework and the workflow used in the
analysis have been added as supplemental material in the revised manuscript. The
figures have been reproduced in the reply to the general comments above.

Reviewer: Line 434: Typo. Change “asses” to “assess”.
Authors: Typo corrected.

Reviewer: Figure 11: This figure may need to be revised. | assume there are both
simulation and observation lines, butitis hard to distinguish them fromeach
other. Also, legends are missing.

Authors: Only one time series is shown per panel. A 6" panel showing the
observed hydrograph has been added to increase clarity (figure included below for
convenience). This figure is meant for a visual assessment of the overall effect of
different model falsifications on stream discharge.
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7. Reviewer: Discussion section is long and hard to read. Maybe the author can
separate the section into several sub-sections with different topics. Also, the
writing needs to be revised to be more concise and focused.

Authors: The Discussion section has been separated in sub-sections and some
discussion has been removed from the revised manuscript, as suggested.

8. Reviewer: Line 555-560: The authors discussed the poor model performance in
dry years. It could be helpful to provide some references about hydrologic
modeling performance in cold regions from previous studies, showing advantages
or improvements of the model used in this study.

Authors: A new sub-section in the Discussion section of the revised manuscript
deals specifically with dry years. Two more studies conducted under drought
conditions in the Canadian Prairies have been included and discussed (Fang and
Pomeroy, 2008;Fang and Pomeroy, 2007).
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Authors’ reply to interactive comment posted by Anonymous Referee #2 regarding the HESS
Discussion paper “Simulating cold-region hydrology in an intensively drained agricultural
watershed in Manitoba, Canada, using the Cold Regions Hydrological Model”

Dear Reviewer,

We appreciate your comments and suggestions to strengthen the manuscript. Please find below
the answers to your comments.

Major comments
Reviewer: The significance of the research, the novelty of the result and analysis
is not clearly stated. For example, the importance of Lake Winnipeg is not the
reason for publication (first paragraph). That CRHM has not yet used to simulate
hydrological processes in the specific intensively managed lowland agricultural
watershed is not the reason for publication either. As a suggestion, | would like
the authors to highlight: 1) few hydrological modelling exercises have been
carried out in the complex terrain like Red River. The current work provides
valuable insights. 2) The study area has global implications (not only for Lake
Winnipeg). 3) The challenges identified (ice and backwater conditions) are
important for further modelling practices. The possible future
research/experimental efforts should be clearly stated, which can be useful for
other researchers. 4) How can the non-calibration of CRHM give the reasonable
results, especially internal variables like SWE, soil moisture, and evaporation?
More explanation can provide valuable insights for the readers.
Authors: The rationale in the first paragraph has been shifted from Lake Winnipeg
to the Red River Basin, as suggested. More emphasis was also put on global
implications of the research in this landscape due to similarities with other cold
regions globally. Suggestions for future research have also been included in the
Summary and Conclusion section. Internal variables have been further discussed
in the revised manuscript. Discussion of internal variables has been extended in
the revised manuscript to emphasize that aspect of the analysis.

Specific comments
1. Reviewer: The eutrophication is background of this paper. It should be presented
in a concise manner. The present manuscript talked too much about that, for
example, in Ln40, Ln82, Ln109, Ln526.
Authors: The emphasis has changed from eutrophication of Lake Winnipeg to
hydrological simulations in the Red River Basin, as suggested by the reviewer in
the major comments.



2. Reviewer: Ln 63: references are needed for ARHYTHM and VIC. Also, It is fair to
mention some recently developed cold-region hydrological models like THREW
model: * Ligin Mou, Fugiang Tian, Heping Hu, Murugesu Sivapalan. Extension
of the Representative Elementary Watershed approach for cold regions:
constitutive relationships and an application. Hydrology and Earth System
Science, 2008, 12:565-585. * Fugiang Tian, Heping Hu, Zhidong Lei, Murugesu
Sivapalan. Extension of the Representative Elementary Watershed Approach for
cold regions via explicit treatment of energy related processes. Hydrology and
Earth System Science, 2006, 10:619-644.

Authors: References for ARHYTHM and VIC have been added, as well as the
references suggested for THREW.

3. Reviewer: Ln328 and other locations: is ice condition mentioned specificto ice
cover condition? Please clarify.
Authors: Ice conditions are flagged in the HYDAT daily records, but no further
detail is provided. It was assumed that ice conditions meant complete or major ice
cover at initial ice breakup. This information has been included in the revised
manuscript.

4. Reviewer: Ln393: soil moisture is not well reproduced as we can see fromfigure
9. Please be careful with the relevant statements.
Authors: The intention was not to talk about soil moisture in absolute terms but to
discuss it as a trend, since no soil moisture observations were available. This
clarification has been made in the revised manuscript.

5. Reviewer: Figure 4: simulated and observed discharge lines are not easily
differentiated (also in figures6, 7, and 9). The size of dots for WSC manual
readings is too big.

Authors: Several colour schemes and line weights/types were tried to improve the
figures during the manuscript preparation. The best scheme was chosen taking
into consideration some technical aspects such as creating contrast with
uncertainty periods and a fixing the scale in the y-axis to facilitate comparison
among Yyears. That being said, the dot sizes in the WSC manual readings have
been reduced in the revised Figure 4 to improve legibility. The other figures
mentioned did not present dotted data. High resolution versions of each panel
have also been included as supplementary files to allow for more detailed
inspection by the reader.



