Cover Letter

Dear Editor,

Thanks for providing detailed reviews of our manuscript Interaction of soil water and
groundwater during the freezing-thawing cycle: field observations and numerical modeling.
Following the suggestions of the two reviewers, we have revised the manuscript.

A detailed response is attached in this file. If there is any problem with the revision, please let me
know.

Thank you for your consideration.

Best regards,

Xiao-Wei Jiang
Professor of Hydrology

E-mail: jxw@cugb.edu.cn



Responses to the Reviewers

Reviewer #1

It’s my pleasure to review hess-2020-657 “Interaction of soil water and groundwater during the
freezing thawing cycle: field observations and numerical modeling” by Xie et al. The authors have
appropriately addressed my previous comments, and the paper can be accepted after addressing
following minor comments.

Minor Comments:

1. The language can be further improved, and | note that many long sentences are often used,
which can be divided into several short sentences.

Response: Thanks for your suggestion. We have divided many long sentences into short sentences.
The language of the manuscript has also been improved.

2. For the description of implication, can the authors mention which parts of the world need to
well demonstrate the freezing induced water table fluctuations?

Response: Seasonally frozen soils underlie approximately 24% of the Northern Hemisphere
exposed land surface, the distribution of which is shown in Figure R1. As shown in Figure R2,
regions with water table depth shallower than 2.5 m occur widely in the Northern Hemisphere. We
found winter-time water table recession has been reported in such countries as Canada, China,
Russia, Sweden and the USA. Although the number of field observations is still limited, we

believe that the phenomenon could occur widely.
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Figure R1 The distribution of permafrost and seasonally frozen ground in the Northern
Hemisphere (Evans and Ge, 2017).
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Figure R2 The distribution of global water table depth (Fan et al., 2013).

We have added the following sentences in the revision “Fan et al. (2013) reported that
regions with water table depth shallower than 2 m account for around 31% of the global land area
while Zhang et al. (2003) reported that seasonally frozen soils underlie approximately 24% of the
Northern Hemisphere exposed land surface. Moreover, winter-time water table recession has been
reported in such countries as Canada (van der Kamp et al., 2003;Ireson et al., 2013), China (Wu et
al., 2016;Zhang et al., 2019), Russia (Vinnikov et al., 1996), Sweden (St&ali et al., 1999) and the
USA (Drescher, 1955;Schneider, 1961;Daniel and Staricka, 2000), implying that the involvement

of groundwater in freezing-induced water redistribution could be widespread.”

3. Since the Otak station is 35 km away from the study site, | think the authors need to mention the
potential impact of meteorological input uncertainties (e.g. spatial mismatch) on the simulations.
Response: Thank you for pointing out this problem. First of all, we want to emphasize that
snowfall in the whole Ordos Plateau is limited and quite uniform. For example, in the winter from
2015 to 2016, the cumulative snowfalls in Otok and in Dongsheng are 11.3 mm and 10.7 mm,
respectively. Note that the Dongsheng station is around 170 km away from the Otok station.
Figure R3 shows the correlation between snowfall in Otok and snowfall in Dongsheng during
2013 and 2018. Therefore, we believe the uncertainty caused by snowfall is limited.

In our observation site, we installed a meteorological station in 2017. Figure R4 shows air
temperature, relative humidity and wind speed from 1 NOV 2017 to 1 APR 2018 measured at the
two meteorological stations. As shown in Figure R4 a, b and ¢, the maximum and minimum daily

temperatures, and relative humidity at the two stations are close enough. The freezing index, i.e.,



the cumulative negative temperature, equals -885.8 ‘C-days at the Otok meteorological station,
and equals -897.4 ‘C-days at our monitoring site. We believe that such a small difference in
freezing index has limited impact on frost depth and freezing-induced groundwater migration.
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Figure R3 A comparison between snowfalls in the Otok and Dongsheng meteorological stations
from NOV 1 2013 to DEC 31 2018.
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Figure R4 The comparison between the Otok meteorological station and DK2 meteorological
station on (a) Maximum daily air temperature; (b) Minimum daily air temperature; (c) Relative
humidity; (d) wind speed from 1 NOV 2017 to 1 APR 2018.

Figure R4d shows the wind speeds at the two stations are quite different due to the control of
local topography. To investigate the sensitivity of freezing-induced water redistribution to wind

speed, we show the total water content and water table fluctuations induced by freezing under two



different wind speeds when all other climatic conditions are the same (Figure R5). Although the
total water content in the shallow part of the frozen zone is impacted by the wind speed, the total
water content in the deep of the frozen zone and in the unfrozen zone, and the water table
fluctuations are seldom impacted by wind speed. Therefore, we believe that the uncertainty of

wind speed does not undermine our conclusion on freezing-induced groundwater redistribution.
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Figure R5 The evolution of simulated total water content from 20 NOV 2017 to 1 APR 1 2018
based on the wind speeds of the Otok meteorological station (a) and the DK2 meteorological
station (b). Note that all other climatic conditions (air temperature, relative humidity, solar
radiation and snowfall) are based on the Otok meteorological station.

4. Zheng et al. (JHM, 2015, 2017) have also reported the accuracy of 5TM sensors especially in
measuring unfrozen liquid water content.

Zheng, D., R. van der Velde, Z. Su, J. Wen, X. Wang, and K. Yang (2017), Evaluation of Noah
Frozen Soil Parameterization for Application to a Tibetan Meadow Ecosystem, Journal of
Hydrometeorology, 18(6), 1749-1763.

Zheng, D., R. van der Velde, Z. Su, X. Wang, J. Wen, M. J. Booij, A. Y. Hoekstra, and Y. Chen
(2015), Augmentations to the Noah model physics for application to the Yellow River source area.
Part I: Soil water flow, Journal of Hydrometeorology, 16(6), 2659-2676.

Response: Thanks for your recommendations. Zheng et al. (2015) used the 5TM sensors to
measure the soil water content in the unfrozen condition, and Zheng et al. (2017) used the 5TM
sensors to measure the liquid water content in the frozen soil. In Zheng et al. (2017), it was also
pointed out that the accuracy of 5TM sensors is 0.02 cm3/cm?. Therefore, we cited Zheng et al.

(2015) and Zheng et al. (2017) in our revision.



Reviewer #2

I would like to thank the authors for their substantial modifications, which address most of my
concerns. | would suggest a minor revision before its publication. Please find below my specific
comments for consideration.

1. bottom boundary conditions

Thank the authors for the explanations why using flux boundary conditions, not constant
head/specific head for the bottom boundary condition. My concern here is why using no-flux
boundary conditions. I am not sure about the amount/magnitude of the vertical flux exchange at
the bottom boundary.

Response: In a completely closed system, water table would decline when groundwater is
migrated toward the freezing front. In a 1D model, a no-flux lower boundary condition is the most
suitable boundary condition to characterize the freezing-induced water table decline in a closed
system, which had already been employed in the pioneering study of Harlan (1973).

In our monitoring site, the water table recession is alleviated by the vertically upward
component of regional groundwater inflow, the magnitude of which is controlled by the
regional-scale water table undulation. Theoretically, this upward component of groundwater flow
can be characterized by a specified-flux lower boundary condition. In the 1D SHAW model, such
a boundary condition can be realized by combining a no-flux lower boundary condition and a
specified rate of lateral groundwater inflow near the bottom. In this way, the response of water
table to freezing and regional groundwater inflow is well characterized.

2. Line 39-41: “..., water from the unfrozen zone would migrate to the freezing front” suggest to
be “..., water fluxes migrate from the unfrozen zone to the freezing front” or something similar.
Response: Thanks for the suggestion. We have changed the sentence into “As a result of
cryosuction generated by soil freezing, (Williams and Smith, 1989;Hohmann, 1997;Yu et al.,
2018), water migrates from the unfrozen zone to the freezing front.”

3. Line 121: “..., we performed site-specific calibration by comparing the liquid water content

measured by the 5TM sensors and by the gravimetric method.” Feel awkward, please rephrase.



Response: We have changed the sentence into “we performed site-specific calibration by
establishing the relationship between the liquid water content measured by the 5TM sensors and
that measured by the gravimetric method.”

4. Table 1 and Table 2 should better be merged into one table.

Response: Thanks for your suggestion. We have merged the two tables.

5. Figure 8: It is better to add the scenario name with different subplots, according to Table 3.
Response: Thanks for your suggestion. We have added the scenario names on the subplots.

6. This work can benefit from the English edits.

Response: Thanks for your suggestion. The language of the manuscript has been improved.
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