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Thanks for the very suggestive and helpful comments provided by the anonymous
referee 1#. His critical and valuable comments will help us to improve this manuscript.
The comments were replied as follows.

RC1: The authors couple a 1D soil and plant growth model with a 3D variably saturated

groundwater model. This is a laudable work as this type of consistent two-way coupled

models is of relevance for the community in future research work especially when the

impacts of land management changes or climate change are to be assessed. In the

coupled model the lower boundary of the 1D soil model is given by the more regionally

determined groundwater table while the recharge to the groundwater model is strongly
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influenced by plant water uptake in the 1D soil column. The stepwise exchange of
information between the two models allows for a more consistent, self-contained mod-
elling. The work is not innovative as coupled models exist already (e.g. MIKESHE by
DHI, Hydrogeosphere by Therrien et al.). But they are either commercial or only exe-
cutables are available. Here generally available open software components are used
and coupled.

Response: Thanks for your comment. Yes there are some similar coupled models
such as the MIKESHE (Hughes and Liu, 2008) and the Hydrogeosphere (Brunner
and Simmons, 2012). However, the focus of these models are different from ours.
MIKESHE and Hydrogeosphere were coupled by the surface water model and the
groundwater model and these models focused only on water cycle process. The
GWSIB presented in this paper is coupled by a groundwater model and a land surface
model, and it focuses on the interaction between hydrological vegetation, and energy
processes.

Additionally, as indicated by the referee, our coupled model is based on open software.
The source code is freely available.

RC1: The paper claims that the model has been validated. This is incorrect. The
model results have been compared with measurements at three sites. This involved a
model calibration at those three points which is not specified clearly in the paper. No
assessment of the model outside of these three sites has been made.

Response: The comparison between model simulations and measurements at three
sites is to validate the model rather than to calibrate the model. In order to compare the
coupling model and the original SiB2, the default parameters provided by Sellers et al.
(1996) were used in the two models when doing comparison. We will add a description
about the model calibration in the revised manuscript to make this part more clearly It
is difficult to obtain the "true value" of evapotranspiration and soil moisture of each cell
in the region . So the validation is difficult to be carried out in the region outside of the
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typical points where observation are available. However, we analyzed the rationality
of the regional evapotranspiration by comparing our results with some remote sens-
ing estimations of evapotranspiration in this region. This is described in the Section 4.4.

RC1: The coupling of the two models is awkward as the 1D-soil and plant growth model
based on Richards equation is coupled to an unsaturated-saturated 3D groundwater
model based also on Richards equation but in a different formulation. The paper sees
this problem and addresses it. Presumably plant roots can only occur in the 1D-soil
model reaching down in the applicatin to 5 m depth from the soil surface. So what about
phreatophytes whose roots are much longer and extend to the groundwater table? A
suggestion would be to adapt the depth of the SiB2 to the time-averaged depth to
groundwater in each model cell.

Response: The Richard’s equation is an important formula to describe soil wa-
ter movement. The relationship between unsaturation hydraulic conductivity (K) and
soil moisture potential (9) is the key to solving Richard’s equations. There are
many scheme to describe the relationship between them, such as Gardner and Fire-
man’s method (1958), van Genuchten’s method (1980), and Clapp and Hornberger
scheme(1978). The Different schemes would make a huge difference on the cal-
culation of the Richard’s equation. In our work, we replace the scheme of Aquifer-
Flow (Gardner and Fireman’s method) by the scheme of SiB2 (Clapp and Hornberger
scheme) in order to make the simulation of soil moisture processes consecutive in the
interaction of the two models.

In our model, the root zone is defined as 1.5m below the land surface, and this range is
suitable for the most of the vegetation root zone in the study area. Most of the ground-
water depth in the study area are more than 5m (Fig.3 of manuscript ). Thus, the impact
of the vegetation root zone can not reach the time-averaged depth of groundwater.

In our study area which belongs to a arid region, there is no phreatophytes vegetation
dominated grid. However, when GWSIB was applied to a larger region, the root layer
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thickness of the special surface types, such as phreatophytes, bedrock, etc. would be
a problem. To solve the problem, we plan to modify the code of the soil layers in the
coupled model.

1.3pg

RC1: The comparison of the SiB2 model with GWSIB leads to an obvious and triv-
ial result which could have been reached with much less effort: Different boundary
conditions at the lower end of a soil column lead to different fluxes of water. If the
water table is shallow and reaches the bottom of the SiB2 soil column it will enhance
evapotranspiration. A single column would have been sufficient to show this effect.
A regional comparison of coupling versus not coupling should rather use boundary
conditions in SiB2 which reflect the depth to groundwater. As the groundwater table
is changing slowly, the “uncoupled” case (SiB2 only) could use a long term average
depth to groundwater to formulate the lower boundary conditions. The fully coupled
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case should then use the dynamically developing groundwater table as it is done in the
paper. In such a comparison the results will differ much less and show whether it is
really necessary to do the dynamic coupling over time.

Response: We agree that it is able to demonstrate the impact of groundwater on the
land surface process by taking account an equivalent groundwater depth (boundary
conditions ) in the land surface model. In fact, many related works have been carried
out, such as Liang et al. (2003), Gedney and Cox (2003), Yeh and Eltahir (2005) Niu et
al. (2007). However, the defects of this approach is obvious. The main disadvantages
of using the groundwater level to replace the dynamic process of groundwater are as
follow.

1) The continuous changes in groundwater cannot be described using the equivalent
groundwater depth. The groundwater table often has great changes during the dry
season and wet season of one year in some regions.

2) The lateral flow of groundwater would been completely ignored. Some source and
sink terms like pumping, river infiltration and other processes can change groundwater
table by lateral flow, which affect the surface processes indirectly. If lateral flow of
groundwater is ignored, these source and sink terms will lose their contact with surface
processes.

3) If the groundwater depth was set to a fixed value, the water balance will be
destroyed.

4) The regional data of groundwater depth are very difficult to obtain.

So we believe it is necessary to couple a groundwater dynamic model with a land
surface model.

RC1: One should not overestimate the accuracy of the model. The groundwater model
in itself is rather uncertain. It depends on inadequately known hydraulic conductivities,
porosities and other soil parameters. So the position of the groundwater table is not
only influenced by the more
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consistent recharge flux in the two way-coupled model but also by the aquifer proper-
ties. Nothing is said about the regional performance of the groundwater model. Mea-
sured and computed groundwater tables should be given at least in the three sites.
The depth to groundwater is not only influenced by the computed groundwater table
(the accuracy of which is not given in the paper) but also by the DTM, which maybe
wrong by up to 5 m. That is the depth of the whole soil zone.

Response: We agree that the groundwater model has considerable uncertainty,
because the hydraulic conductivities, porosities and other soil parameters can signifi-
cantly affect its simulation.

When the AquiferFlow is used in the Heihe river basin, many trial-and-error calcula-
tions have been done to adjust the groundwater parameters. It made the simulation
of groundwater model close to the measurement in this region, and a comparison of
measured and computed groundwater tables on December 2008 was shown in the
Fig.1 to prove the accuracy of the groundwater model Although there are errors in
the DTM data, the trend of DTM is correct. The groundwater depth measured at the
three stations are agree with the calculated results. So we believe that the simulated
groundwater depth can reflect the real condition of the study area, and can be used
for the model evaluation.

RC1: As far as the overall accuracy of a regional model in computing evapotranspira-
tion is concerned one should remember that the soil-plant model opens a can of new
parameters in addition to the aquifer parameters which are also not adequately known
over the whole area.

Response: Yes, when regional evapotranspiration is calculated, the more parameters
lead to more uncertainty. In fact, all models which are based on the physical mech-
anism will have to face this problem. In our study, the parameters of groundwater
model are calibrated by the measured groundwater table, and the parameters of land
surface model are provided by the research of Sellers et al. (1996) From the simulated
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evapotranspiration of the coupled model, it can be seen that the evapotranspiration
calculated by the coupling model is more reasonable than the original SiB2 does.

RC1: Two-way coupling seems only necessary for shallow groundwater table areas.
So a lot of effort could be saved by having two way coupling only in zones with depth
to groundwater smaller than say 3 m.

Response: We used a three-dimensional groundwater model in this study. The
groundwater shallow zone is not a closed system by itself because of the lateral flow
of groundwater. The scope of shallow groundwater areas is usually determined by
a large range or even the entire river basin. If the model just includes the shallow
groundwater areas, it is cannot simulate the groundwater changes.

RC1: The horizontal (3 km) and vertical (1.6 m) discretizations are coarse. It is not
shown whether the computation results are grid convergent. A doubling of resolution
is recommended to check whether changes remain small.

Response: The spatial resolution of the coupling model is coarse, because of the
consideration to be computationally efficient We make the model convergence in each
grid by adjusting the iteration number of model and the relaxation factor. We believe
the spatial resolutions can meet the needs of the model validation in this paper.

RC1: The regional inaccuracy of the inputs is lower than that at the 3 locations chosen
for validation.

Response: we have checked the result of regional evapotranspiration that simulated
by the coupled model on June 24, 2008 (FiG. 10). The value in the regional evapo-
transpiration map are consistent with the result of 3 locations at same time. The three
sits are not located in the grid with the maximum evapotranspiration (show as the
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following figure). We believe one of the important reasons that the YK and LZG do not
have the maximum evapotranspiration in the region, is due to the scale effect. The
representativeness of leaf area index (LAI) and vegetation coverage of one calculation
grid is different with one point. More detailed analysis about this problem will be added
in the validation of the YK station in the revised manuscript.

2.3p9g
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RC1: In the three locations, the model shows that evapotranspiration is different in the
two approaches as expected, when the groundwater table is shallow. In that case SiB2
is performing better than GWSIB. For a deep groundwater level, however, there are no
differences.

Response: In groundwater shallow zone, the simulated results show that the GWSIB
is performing better than SiB2 (see Fig. 4 and Fig. 5). The reason is that the GWSIB
can describe the impact of groundwater in the evapotranspiration simulation However,
the groundwater in the deeper zone is difficult to affect the land surface process, so
GWSIB and SiB2 performance no significant difference in these regions. All of these
were shown as expected.

RC1: In all sites the computed and (best) simulated evapotranspiration should be
shown in a scatterplot in order to clearly see the correlation between the two items,
which | suspect is not that good.

Response: We will revise the figure of the verification results.

RC1: In the second site, the model seems to react to the rain before the rain has
started. This should be checked.

Response: Thanks. There were some errors in the original manuscript We will correct
them.

RC1: In the third site evapotranspiration seems often strongly overestimated. Soil
moisture in the model recedes much faster than in reality. | guess some tuning of
storage related parameters could improve the result.

Response: Evapotranspiration from the July to August was underestimated in the
third site (YK). The reason is that MODIS would underestimate the LAI especially in
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areas with a large heterogeneity of land cover types, the detailed explanation will be
described in the revise manuscript.

The reason of soil moisture receding much faster than measurement is mainly at-
tributed to the parameters scheme of Richard’s equations. The Clapp and Hornberger
scheme as a Richard’'s equation parameters scheme is used to calculate the soil
moisture hydraulic conductivity (K) which determines the flow of groundwater, but
actually it is not only a function of soil moisture but also relates with the soil moisture
adsorption and desorption processes (Johannesson and Nyman, 2010) It is a inherent
fault which cannot be solved successfully in the Clapp and Hornberger scheme The
problem is that the equation controlling the soil moisture adsorption is the same
with the soil moisture desorption. That is why the model simulated the soil moisture
decline with the same speed of soil moisture rises. Actually, they have different speed
(which can be observed from the data of YK). In this article, we have adjusted the
empirical parameters of Clapp and Hornberger scheme, which control the soil moisture
conduction and storage. This makes the simulation of soil moisture rise (caused by
irrigation) good, but the soil moisture regress process can not be improved at the same
time.

RC1: The English language of the paper could do with some polishing.

Response: We try our best to make English fluency and have asked a professional
language editor to polish the English. We hope the language can meet the requirement
of HESS.

References

Brunner, P., and Simmons, C. T..: HydroGeoSphere: A Fully Integrated, Phys-
ically Based Hydrological Model, Ground water, 50, 170-176, 10.1111/j.1745-
6584.2011.00882.x, 2012.

C545



Clapp, R. B., and Hornberger, G. M.: Empirical equations for some soil hydraulic prop-
erties, Water Resour. Res., 14, 601-604, 10.1029/WR014i004p00601, 1978.

Gardner, w. r., and Fireman, m.: Laboratory Studies of Evaporation From Soil Columns
in the Presence of A Water Table, Soil Science, 85, 244-249, 1958.

Gedney, N., and Cox, P. M.: The Sensitivity of Global Climate Model Simulations to
the Representation of Soil Moisture Heterogeneity, Journal of Hydrometeorology, 4,
1265-1275, 10.1175/1525-7541 (2003) 004<1265:tsogcm>2.0.co;2, 2003.

Hughes, J. D., and Liu, J.: MIKE SHE: Software for Integrated Surface Water/Ground
Water Modeling, Ground water, 46, 797-802, DOI 10.1111/j.1745-6584.2008.00500.x,
2008.

Johannesson, B., and Nyman, U.: A Numerical Approach for Non-Linear Moisture Flow
in Porous Materials with Account to Sorption Hysteresis, Transport in Porous Media,
84, 735-754, 10.1007/s11242-010-9538-3, 2010.

Liang, X., Xie, Z. H., and Huang, M. Y.: A new parameterization for surface and ground-
water interactions and its impact on water budgets with the variable infiltration capacity
(VIC) land surface model, Journal of Geophysical Research-Atmospheres, 108, Artn
8613

Doi 10.1029/2002jd003090, 2003.

Niu, G. Y., Yang, Z. L., Dickinson, R. E., Gulden, L. E., and Su, H.: Development of a
simple groundwater model for use in climate models and evaluation with Gravity Re-
covery and Climate Experiment data, Journal of Geophysical Research-Atmospheres,
112, Artn D07103

Doi 10.1029/2006jd007522, 2007.
Sellers, P. J., Los, S. O., Tucker, C. J., Justice, C. O., Dazlich, D. A., Collatz, G. J., and
Randall, D. A.: A revised land surface parameterization (SiB2) for atmospheric GCMs

C546

.2. The generation of global fields of terrestrial biophysical parameters from satellite
data, Journal of Climate, 9, 706-737, 1996.

Vangenuchten, M. T.: A Closed-Form Equation for Predicting the Hydraulic Conductiv-
ity of Unsaturated Soils, Soil Sci. Soc. Am. J., 44, 892-898, 1980.

Yeh, P. J. F,, and Eltahir, E. A. B.: Representation of water table dynamics in a land
surface scheme. Part I: Model development, Journal of Climate, 18, 1861-1880,
10.1175/jcli3330.1, 2005.

C547



