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We are very grateful to Reviewer 2 for the review we received. We present below our detailed answer to 
the discussed points. The reviewers’ comments appear in black and our responses appear in brown. Quotes from 
the manuscript are in brown italic, modified parts from the revised version are in bold font. 

Review 2 

Martin, Immerzeel and their colleagues conducted a study to understand recent ground thermo-
hydrological changes in a Tibetan endorheic catchment and implications for lake level changes. The authors did 
a lot of work on using model to understand the cold region hydrology. I think this is a comprehensive modeling 
study. The conceptual hydrological framework includes precipitation downscaling, remote sensing glacier 
observation, catchment hydrology, lake evaporation and water balance. For land hydrology, the authors used 
the TopoSUB to delineate catchment into different units, and used CryoGrid to simulate the complicated frozen 
soil hydrology. The presentation is clear for most part, and the study has kind of novelty. But there are still some 
major issues the authors should address before considering for publication. 

The definition of surface and subsurface flow. The authors defined the runoff from top 0.3m soil as surface 
runoff, and 0.3-2m as subsurface runoff. This definition might need more rigorous study.  

We understand the reviewer’s concern on the reader’s understanding of the model. In the model, the 
distinction between surface and subsurface runoff is not based on the stratigraphy but on the balance between 
soil water content and new water input. We now provide further explanations on this matter in section 3.2.4 
(Model setup and validation) as presented in the quotation responding to the next comment. 

In hydrology, the separation of surface and subsurface flow is a grand challenge, which is still not well 
solved in moderate climate catchments (McDonnell, 2013), not to mention this data scarce permafrost region. 
Also the surface water and subsurface water have different behaviors in different topography (Seibert et al., 
2003; Gao et al., 2014), e.g. on hillslope or riparian area. I did find how the CryoGrid model takes this into 
account. 

We agree with the reviewer and to better acknowledge the relative simplicity of our approach compared 
to specific literature on this point, we modified section 3.2.4 (Model setup and validation). The following 
quotation of the revised manuscript thus answers this comment and the previous one. 

“Regarding the processes implemented in the model (Sect. 3.2.3), infiltration according to Richards equation 
only occurs in the top and bottom soil units. The bedrock unit has a static water content. Unraveling surface 
from subsurface flow is an ongoing challenge in catchment-scale hydrology (McDonnell, 2013) and this 
distinction is important in mountain terrains where these two flows can behave differently due to the complex 
topography (Gao et al., 2014; Seibert et al., 2003). For this study, we rely on a simple approach that computes 
surface and subsurface flow as follows. 

On the one hand, surface runoff is computed relative to the saturation level of the soil column. When the 
entire soil column is saturated (WC = porosity), additional water input from precipitation or snowmelt is 
directly counted as surface runoff. On the other hand, subsurface runoff is computed relative to the field 
capacity of the ground, which is an input parameter of the model. When the water content (WC) of a ground 
cell exceeds this field capacity (FC), the amount of water corresponding to WC-FC is available to produce 
subsurface runoff. We use the lateral boundary condition LAT_WATER_RESERVOIR from the CryoGrid 
community model (Westermann et al., 2022) to account for this subsurface runoff. The speed at which this 
available water exits the soil column towards the lake is calculated with Darcy’s law, using the hydrological 
conductivity of the ground and the mean slope of the catchment as hydraulic slope.” 

I did not see how the model takes the impacts of frozen soil on the connectivity between surface soil and 
groundwater. For example, in the early thawing seasons, although the top soil is thawed, but there is still frozen 
soil underneath, which inhibited the soil and groundwater connection. Also the impacts of frozen soil on 
groundwater discharge, i.e. the baseflow. These processes have huge impacts on catchment hydrology (Gao et 
al., 2022). 

The CryoGrid community model aims at coupling the heat and water fluxes in the ground. In this regard, 
the hydraulic conductivity of each cell of the soil column during the simulation accounts for both the saturation 
of water and ice following Dall’Amico et al. (2011). In this approach, we first calculate the hydraulic conductivity 
based on liquid water saturation according to Mualem (1976) and then reduce the obtained value with an 
impedance factor equal to 10−ωq with ω being an empirical factor (that equals 7, following Zhao et al., 1997 and 
Hansson et al., 2004) and with q being the ice saturation. We now provide a short presentation of this approach 
in section 3.2.3 (The CryoGrid community model) of the revised manuscript : 
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“The soil matric potential and hydraulic conductivity follow van Genuchten, (1980) and Mualem (1976). 
Additionally, to represent the obstruction of connected porosity by ice formation, the hydraulic conductivity 
is reduced by a factor dependent on the local ice content, following Dall’Amico et al. (2011).“. 

Additionally, we want to clarify the fact that, consistently with the conceptual hydrological framework of 
our study (Fig. 2 of the revised and former manuscript), our setup does not include other groundwater 
components than the subsurface runoff. As such, the temperature-and-water-dependent calculation of the 
hydraulic conductivity applies for all the hydrologically active ground cells and drives variations in connectivity 
in response to variations of temperature around 0°C. 

“physics-based approaches at the catchment scale aiming to connect the ground thermo-hydrological 
regime and the observed hydrological changes on the QTP changes remain scarce.” “To our best knowledge, our 
study represents to date the most complete effort to include the variety of coupled climatological, surface and 
subsurface processes characterizing the climate, hydrology and ground thermal regime of high-mountain 
catchments in Tibet at a small scale with a high spatial resolution.” These might be true when the authors wrote 
the paper, but I would like to recommend this new paper (Gao et al., 2022) for the authors’ reference. 

We agree with the reviewer, we re-phrased this sentence to the following: 

“To our best knowledge, along with Gao et al. (2022) our study represents to date the most complete effort 
to include the variety of coupled climatological, surface and subsurface processes characterizing the climate, 
hydrology and ground thermal regime of high-mountain catchments in Tibet at a small scale with a high spatial 
resolution.” 

I did not find how the soil evaporation and plant transpiration were estimated. These processes are very 
important for water balance, especially for this basin, with only 10% precipitation generates runoff (as 
mentioned by the authors), and 90% goes back to atmosphere. 

Potential evapotranspiration is derived from the latent heat fluxes in the frame of the surface energy 
balance calculation (using the latent heat of evaporation). This potential evaporation is then scaled to the 
available water in the ground . It occurs in the first grid cell only, but water can be drawn upwards due to matric 
potential differences We clarified this point in section 3.2.3 (The CryoGrid community model):  

“At the surface, the model uses a surface energy balance module to calculate the ground surface 
temperature and water content. The turbulent fluxes of sensible and latent heat are calculated using a Monin–
Obukhov approach (Monin and Obukhov, 1954). Evaporation is derived from the latent heat fluxes using the 
latent heat of evaporation and is adjusted to the available water in the soil. It occurs in the first grid cell only, 
but water can be drawn upwards due to matric potential differences.” 

Regarding the unraveling of evaporation and transpiration, we acknowledge that it is an important question 
in most hydrological studies, yet in the case of the Paiku catchment, vegetation is extremely scarce. During our 
field trip, we noted that most of the catchment corresponds to barren lands and that vegetation is limited to 
very sporadic herbaceous cover. Therefore, we do not expect transpiration to have a strong imprint on 
evapotranspiration in the catchment. For this reason, our approach does not separate evaporation from 
transpiration in our calculations. To include these considerations in the manuscript, we added the following 
sentence to the precedent quote: 

“Because vegetation is very scarce in the catchment, we do not expect transpiration to have a strong 
imprint on evapotranspiration and our calculations do not unravel evaporation from transpiration.” 

We present below a photo to show the type of land cover we found on the field that supports this 
assumption. 

 

Figure R2.1 Ground photo in the Paiku catchment (Credit: Fanny Brun). 
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Some terms need to be improved. For example, in Figure 5D, the y-axis should be changed to “Runoff depth 
(mm/y)”. 

We changed the label of the y-axis according to the reviewer’s suggestion. 
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