Response to reviewer #2
General comments

The authors used the STEMMUS-SCOPE Model to analyze how the revegetation of shrubs in a
desert steppe modifies the water, energy and GPP dynamics during wet and dry years. Since the
paper is not a model development study, | will focus on its presentation aspects. Nonetheless, |
think the paper is quite straightforward, but can be improved by taking care of my suggestions.

Thanks for the kind words! Your comments are immensely valuable in enhancing the manuscript's
quality.

The title: Since the only carbon flux analyzed is GPP, | recommend the title be changed to
“Understanding the Effect of Revegetated Shrubs on fluxes of Energy, Water and Gross Primary
productivity in a Desert Steppe Ecosystem Using STEMMUS-SCOPE Model . Additionally, if the
EC tower measured CO2, how about also showing the net ecosystem exchange as one indicating
effect of different vegetation? Or it is not possible to differentiate the vegetation effect from NEE?

We agree with the title modification because we only presented the simulation of Gross Primary
Productivity (GPP). It’s true that the EC tower measured Net Ecosystem Exchange (NEE) and the
GPP was partitioned from the measured NEE. In contrast, the model usually calculates
photosynthesis (i.e., GPP) first and then determines the Net Ecosystem Exchange (NEE) by
subtracting ecosystem respiration (Reco) from GPP. In STEMMUS-SCOPE, the Reco is calculated
using a simple linear equation, Reco = 2.5 + 0.054375* Tsurface, Where Tsurface represents the surface
temperature of leaves or soil. To avoid error propagation from the calculation of Reco in the model,
we decided to directly compare GPP, making the comparison more direct and accurate.

Specific comments
Comment 1: Equation (1), what does C_shrub mean?

Response 1: Thank you for your attentive review. We have added an explanation of this variable
in the revised manuscript.

GPP = Cshrub GPPshrub + (1 - Cshrub) GPPgrass (1)

Csnrup 1S the contribution of shrubland to the overall flux, and its value is 58.33 % while the
contribution of grassland is (1 — Cgpup) = 41.67 % (Table 1, Line 125).



Comment 2: From the method description, it appears LAI is used as model input. Does this mean
the model actually does not simulate the carbon cycle, aka it is a prescribed phenology simulation?

Response 2: The STEMMUS-SCOPE model uses leaf area index (LAI) as an input and focuses on
carbon assimilation, excluding carbon allocation. We are aware of this issue and will address it in
our upcoming study by coupling the STEMMUS-SCOPE model with the WOFOST crop growth
model. This coupling will allow us to simulate LAI and plant growth processes effectively. The
evaluation of the coupled STEMMUS-SCOPE-WOFOST model, performed with various plant
functional types, showed successful simulation of vegetative dynamics, including LAI and plant
height. We intend to submit the study of the STEMMUS-SCOPE-WOFOST model to a journal
soon.

However, in this manuscript, our primary focus lies on simulating ecosystem flux, and we use
MODIS LAl as a reference due to its availability and relatively high temporal resolution. The
MODIS LAI proved more sensitive to dense vegetation and might not be representative in the arid
region with sparse vegetation (Fensholt et al., 2004; Fensholt and Sandholt, 2005). Therefore, we
have corrected the MODIS LAI using field observations and relevant literature values, in order to
ensure this critical input as representative as possible.

Comment 3: Figure 2, what is the uncertainty of the observed LAI? Can you also show it in the
Figure?
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Figure 1. Reconstructed LAI of shrubland and grassland from 2016 to 2019.

Response 3: Apologies for any confusion in the manuscript. The ‘observed’ LAI values are not
subject to uncertainty because they are ‘dummy’ LAI. The red dots (Obs_LAI_Shrub) are
‘observed’ LAI of shrubs on DOY 160.5 and DOY 168.5, where we did not have real measurement,
but we calculated them using a linear relationship derived from the measurements and MODIS LAl
in 2022 (Table S4 in the Supplement). We will modify the caption of Figure 2 to make this
clarification.



Comment 4: 2.4.1 Sensitivity analysis, it was mentioned that SA was only done for parameters of
the shrubland simulation, why is it not done for grassland as well?

Response 4: In Section 2.4.1, we conducted a sensitivity analysis by running 160 sets of parameters
for the shrubland simulation, while a fixed parametrization was used for the grassland simulation.
We chose to perform the sensitivity analysis only for shrubland due to the following reasons: First,
the primary objective of the sensitivity analysis was to evaluate the impact of parameters on the
dominant land cover, which in our case is shrubs. Second, running the model for one set of data
would take approximately 40 minutes, making it computationally intensive for 160 sets. Therefore,
to optimize computational resources and focus on the primary objective, the sensitivity analysis
was limited to the shrubland simulation.

Comment 5: 3.2 Model performance, in no place | found model spin up was mentioned. Do the
model simulations include model spinup? How is it done?

Response 5: No spin-up was performed in the STEMMUS-SCOPE model simulation. Spin-up is
typically used to initialize the model with stable initial conditions. Generally, STEMMUS-SCOPE
utilized observed soil moisture and soil temperature as initial conditions, which proved to be
effective and stable for initializing the simulation (Wang et al., 2021). Additionally, considering
computational efficiency and time constraints, we opted not to conduct a model spin-up for this
investigation.

Comment 6: Figure 4c, there are a few points aligning as a vertical line. Does it indicate there are
some problems with the data or the model?

Response 6: Figure 4 (c) on the right-hand side compares 600
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Figure 4 (c)

We acknowledge that there might be issues with the -200
observed data, particularly in 2017, as we did not filter the 0 ’ H obsz(z\(l)v m?) o
data in terms of energy balance closure (Line 65 in the -

Supplement). The lack of surface ground heat flux data in 2017 made it impossible to conduct an
energy balance closure assessment and apply the filtering process for that specific year.

Accordingly, we will clarify and modify 4.1 Discussion Line 367 in the revision. Improved
version of Line 367: (iii) The quality of gap-filled forcing data and in-situ measurements are the



basis for a valid comparison between simulations and observations. For example, some observed
H were zero while the simulated values were not in 2017 (Figure 4c). Although we diligently
conducted quality control for EC data and filtered the fluxes based on energy balance closure (Eqg.
S10 in Supplement), we were unable to filter the data for the years 2016 and 2017 due to the
unavailability of surface ground heat flux for energy balance closure assessment.

Comment 7: Figure 5c, I don’t quite understand the diurnal pattern. If you are average over a
certain time period, please show the mean and as well as the variability (i.e., standard deviation).

Response 7: The figure on the right-hand Diurnal Cycle of Simulated and Observed Ts at 10 cm
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Comment 8: Figure 6, could you also show the variability?

Response 8: The variability is added in the figure below. The soil water content (SWC) is the
average value of each soil layer over a certain time period. For example, as shown in Figure (b)
below, the mean ( standard deviation) of SWC of grassland was 0.07 m®* m? (+0.03m®* m?®) at 1
cm depth, over DOY 121 to DOY 273 in the year 2019.

SWC (m?m-?) SWC (m? m-7)
003 004 005 006 007 008 009 010 003 004 005 006 007 008 009 010
0 04

100 - 100

200 4 200

(w2) ydag
(w2) ypdag

300 - 300

400 4 400

(a) 2016
=== SWC of Grassland
—— SWC of Shrubland
—— Change in SWC

(b) 2019
=== SWC of Grassland
—— SWC of Shrubland

—— Change in SWC

500 - 500

0 -5 =10 =15 =20 -25 -30 -35 -40 0 -5 =10 =15 =20 =25 =30 =35 =40
Change in SWC (%) Change in SWC (%)



Comment 9: Section 3.3.3 on GPP, I don’t think the interpretation of midday depression is accurate.
It may involve factors more than radiation. Perhaps you can show the diurnal pattern of leaf
temperature, and temperature dependence of carboxylation as well.

Response 9: Thanks for your hints and please see the diurnal pattern of leaf temperature in the next
paragraph. Indeed, the high radiation is more like one of the inducements to the close of stomata,
represented as middy depression. Figure S10 in Line 260 of Supplement shows midday depression
of GPP and stomatal conductance.
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Figure S10. Diurnal courses of simulated (a) Gross Primary Productivity (GPP) and (b) stomatal
conductance (gs) of two ecosystems during May—September in 2016 and 2019.

As shown in the figure below, we observed higher midday leaf temperatures in grasses (Tleaf_grass)
compared to shrubs (Tleaf_shrub). The increase in leaf temperature could potentially lead to
stomatal closure in the plants to regulate water loss, as supported by previous studies (McDowell
et al., 2019; Deans et al., 2020; Chen et al., 2014). To enhance the discussion, we will include this
figure in Figure S10 and make corresponding clarifications in Section 3.3.3 On GPP regarding the
impact of leaf temperature in the revision.
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We agree that the temperature dependence of carboxylation plays a role because the leaf
temperature at the shaded side is used in calculating Vcmax in STEMMUS-SCOPE (Eqg. (S23) in
the Supplement).



Comment 10: Discussion 4.2.1, paragraph 2, why don’t you use the Bowen ratio as an indicator,
which is likely more informative than the ratio of LE/Rn here.

Response 10: We think this is a great idea, and will implement it in the revision.

Comment 11: Section 4.2.3, on water fluxes. | am wondering if the model can do a good job in
overall water mass balance. | am thinking changing from grass to shrub will lead to difference in
column integrated water mass, could you show time series of total water storage in the model?
Also, the drainage flux? How far the rainfall infiltration could go? | am then also wondering how
sensitive is the model simulation to the represented soil depth, given the gravitational drainage
condition is used at the lower boundary. Could you elaborate?

Response 11: This is a very nice conclusive question, and we'll break it down into the following 5
sub-points to respond, in terms of the integrated water storage, infiltration flux, drainage flux,
overall water balance closure and lower boundary condition.

1. Integrated Soil Water Storage

We did calculate the integrated soil water storage in the root zone (i.e., 0-200 cm depth)
(Eq. S15 in the Supplement). Indeed, the replacement of shrubs decreased root zone water
storage in 2016 (-27 %) and 2019 (-11 %), respectively. As you suggested, we made a time-
series of total soil water storage in the whole soil column (i.e., 0-5 m depth) (see figure
below). Similarly, in both years, the total water storage under shrubland was less than that
of grassland.
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2.

Infiltration

In the study area, the precipitation-induced surface runoff is rare after the canopy retention
or direct infiltration, and the latter is the major process. In the model, the infiltration flux is
calculated as the surface moisture flux remaining after surface runoff has been removed
from precipitation (refer to CLM model, Niu et al., 2005; Oleson et al., 2004):

Totpepth

—0.5 X fover x 100 )

Infiltration = Precipitation X (1 — fmax X e

where Precipitation is the model input [mm]. fmax is the maximum fractional saturated
area, which is the percent of area whose topographic index is larger than or equal to the
mean topographic index in a grid cell (Oleson et al., 2004). We extracted fmax (= 0.3694)
from a global dataset (Niu et al., 2005; Oleson et al., 2004). fover is a decay factor (= 0.5
m™) (Oleson et al., 2004). Totpepen I the water table depth (= 5 m). It appears that the
infiltration amount is closely related to precipitation, and the infiltration rate is related to
the saturated water conductivity (Ks).

Drainage

Given the gravity drainage as lower boundary condition, the temporal changes of liquid
flux at the deepest layer (i.e., layer 54" at 5 m depth) indicates the water exchange at the
boundary layer. As shown in the below figure, (1) the negative drainage flux indicates the
water flow downwards to the boundary layer, with a very small value ranges from O to -
0.005 [mm 30 min]; (2) The drainage from the grasses was greater than that from shrubs.
These observations are in line with the field situation according to the local expert. In this
semi-arid area, characterized by low precipitation and deep groundwater level, there is
minimal interaction between precipitation and groundwater.

Temporal Change of Liquid Flux at Deepest Layer

= -0.005
E
]
-0.004
£
£
=
= -0.003
£
£
& -0.002
IE .
£ -0001
» e ————
3
=
T 0
= 120 140 160 180 200 220 240 260 280
—

DoY
——2016_shrub ——2016_grass 2019 shrub 2019 grass



4, Water Balance Closure

The water balance closure was evaluated by comparing soil water storage and the difference
between water input (i.e., precipitation) and outflow (i.e., simulated evapotranspiration and
drainage):

Change of Integrated soil water storage = +Precipitation - Evapotranspiration - Drainage

On the right-hand side, we present an 1 ‘ ;
evaluation of water balance closure in the crindex =068 p
RMSE = 0.42 mm day
grassland simulation of the days without 0F h=118
rain in 2019 (i.e., 118 of 153 days). Good
agreement was found with values for the
RMSE and the index of agreement (d-
index) equaling 0.42 mm day™ and 0.88,
respectively.
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might come from (1) the method to +Precipitation-ET-Drainage (mm day ™)
calculate the integrated soil water storage (Summation of SWC over all the layers v.s.
Inversion of the water balance equation) (Yu et al., 2016); (2) the bias in the simulated LE

(i.e., ET) (See the paragraph at Line 390 in manuscript).

5. Lower boundary condition

We used gravity drainage as the lower bottom condition in a 0-5 m soil column because the
groundwater level in the study area is quite deep (> 6 m). Besides, STEMMMUS-SCOPE
model mainly focuses on simulating the soil-vegetation interactions and hasn’t included
any groundwater modules. Based on the available information on groundwater level and
rooting depth of shrub, we think the settings of 0-5 m soil column and gravity drainage are
reasonable. Sorry that by now we don’t have the answers to “how sensitive is the model
simulation to soil depth and the bottom conditions”. e can explore adjusting the soil
column depth and modifying boundary conditions to address this question. However, we
believe these factors may not be our main focus in comparing simulations for two scenarios.
Nevertheless, it remains an interesting question to explore in future applications of the
model in diverse study areas with varying groundwater conditions.
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