Simulating Soil Moisture and Grass Growth in a Eurasian Steppe Grassland by SWAP
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Background, Objectives, and Study Approach

* The Eurasian Steppe, the vast steppe ecoregion including the native grasslands in Inner Mongolia of China,

stretches from Romania 1n west to Manchuria 1n east
* [t1s a global biome supply, provides multifaceted ecological services, and functions as carbon sink and source
* [t 1s an important regulator of regional and global environment, mitigating climate change and 1ts impacts

 However, i1t has been degrading at an accelerating rate since 1980s due to overgrazing and climate change

* This has raised serious eco-environmental concerns (e.g., loss of productivity, desertification, and dust storm)
* Our understanding of steppe hydrology and water consumption by steppe grasses 1s incomplete

* The objectives of this study were to:

© Advance our understanding of how and to what extent the natural hydrologic processes have been altered
© Examine hydro-climatic and anthropogenic factors triggering degradation of steppe grasslands

* In this regard, a systematic framework (Figure 1) that seamlessly integrates three core components, namely

field observation and laboratory measurement, remote sensing analysis, and modeling, was adopted
* The 5350 km? Balagaer River watershed (44°00' to 44°15' N, 117°40' to 117°48' E), located in northeast Inner

Mongolian Autonomous Region of China (Figure 2), was selected as the study site
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Figure 1. The general framework developed and used in this study. Figure 2. The study watershed.



SWAP and Its Parameterization o
* This study used Soil-Water-Atmosphere-Plant (SWAP) model Atmosphere l lp

developed by Schaik et al. (2014) . fp;%utfpd »
* SWAP is a physically-based agro-hydrological model and : r//% —

simulates water-soil-vegetation interactions (Figure 3) <o N Surtace
* SWAP simulates rainfall interception, evapotranspiration, heat water

and soi1l water dynamics, and vegetation growth as influenced

by climate change and human activities (e.g., grazing) Ground subsurac
* This study parameterized a SWAP model for a selected site 1n

the study watershed using the site-specific data (Figure 4) Figure 3. Schematic of SWAP.

Figure 4. Pictures showing the field instrumentation and sampling.

Results and Discussion
* The SWAP model was run for 62 years from 1955 to 2017

* Both the actual and potential evapotranspiration (ET) had a decreasing trend, with an average ratio of 0.7

* The mean annual infiltration varied from 35 to 105 cm, indicating that the site soils are highly permeable

* As expected, the infiltration, hydraulic conductivity, and actual ET were larger in a wetter than a drier year

* For a given year, most of the precipitation was lost to ET and infiltration, leading to a small runoff

* The primary runoff was generated from melting snow 1n spring (March to May) due to low ET and infiltration
* The soil erosion might become severe once soil moisture 0 < 0.05 and leaf area index LAI <0.1

* For a given year, the grass growth was especially dependent on the May to July precipitation, while 1t was also
controlled by spatially-varied environment factors, such as topography, soil properties, and grazing intensity

4 S Ca N 4 N\
4 Actual E . Potential E . N 4 ) Total Precipitation, Runoff, and Evapotranspiration Average Precipitation, Runoff, and Evapotranspiration
Ctua vaporation vs. Fotential evaporation H H H F
P P Infiltration Rate and Hydraulic Conductivity 0.45 o
120 9 gl l I I
T & = 0.4 0.05
= 8 § 6 = E z
@ 100 S = o 2 0.3s5 01 =
— @ 7 W = o. e - : &
5 = = 5 = IS ®
g = 5 = ) E o3 0.15 ©
= E 80 6 w = — D
e = 8 - =4 = Q.
% @ . 5 = = 5 5 025 02 T
© 5 = =
= = a4 5 2 = = 0.2 025 &
o g = 2 60 1 L] =} S
o} = = —
% e} 40 3 ,g.. g 40 160 % 0.15 0.3 %
= © -~ — - =
o = 2 5 20 180 8 54 0.35 B
© = 20 3 o O : =,
o c 1 = 0 —~ 200 L —
— L T A R = B e B A i R e - R = e B . B S - B = B e B R = B e B e B B B T < 0.05 04
© | wm | D W O W W P~ K~~~ P00 0O WV OO Q9 9Q 9Q o o o o
0 0 2222232 2222222322223 22IRLILKIIKRKRKRR
— o}
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Vears . 5 3 a 5 6 - a 9 10 1
. Years ) Months
—— Infiltration Rate Total Precipitation —— Total Runoff =~ —— Total Evapotranspirtaon e Average
years . . = precipitation Average runoff evapotranspiration
\_ J —— Hydraulic Conductivity . J \§ P P J
N\ J
00
260 [ === Precipitation in hydrologic year (1 September to 31 August)
T | I Total precipitation in May, June and July
L 350 I =t Watershed net primary productivity (NPP)
0.08 240 & T ---e--- Minimum su bbasin NPP
1.04 [ 1 < B Maximum subbasin NPP
0.07 —&— 30% existing soil moisture [ )
) {/ﬁ A A A A% —B— 60% existing soil moisture 220 ¢ m
1.03 DN —+— 80% existing soil moisture [ - n(n
S —a— Existing soil moisture [ P
0.06 e Acolian = \ —#— 110% existing soil moisture P 200 f ’ f
- : hZ AR m [ 5
e —&— Fluvial B 1.02 : g
> b : S C r §
—a— Total o S - [ £ E
g 0.05 - S - 180 + .
E : . <A H r
: z S 5’
% “\‘\‘\ Dok & 1.01 3 =a N 2 20
2 0.04 o 160 m
a M:::g:::/ C
S M:}:&:S:N\N 1.00
‘> DonnEnn l
2 0.03 P 0
= Donngn N
:3:1.%:3: 0.99
0.02 g
E
0.98 T T T T T T 100 i
0.01 ' ' ' ' - - - - - 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 |
0.10 0.2 0.4 016 0.8 020 022 024 026 028 030 LAI 2000 2001 | 2002 | 2003 | 2004 | 2005 | 2006 2007 | 2008 . 2009 2010
0 Year

Figure S. The simulated evapotranspiration, runotf, infiltration, soil erosion, and net primary production (NPP).

Conclusions
* Conditions with a low so1l moisture and vegetation coverage are 1n favor of steppe grassland degradation

* Such a condition will likely be resulted from climate change and/or overgrazing
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