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Carbon and water fluxes of different grassland types in the growing season based
on the Common Land Model
CHENG Yang, JING Chang-qing’

College of Grassland Science, Xinjiang Agricultural University, Key Laboratory of Grassland Resources and Ecology, Key
Laboratory of Grassland Resources and Ecology of Western Arid Region, Ministry of Education, Urumgi 830052, China

Abstract: Grassland ecosystems occupy the largest area among the terrestrial ecosystems in China, and their carbon
and water fluxes play an important role in the land-air carbon and energy cycles. In this study, we optimized the root
water uptake function (RWUF) and soil respiration function (SRF) of a Common Land Model, evaluated the
applicability of the model to the simulation of carbon and water flux in different grassland ecosystems, simulated and
analyzed trends in the seasonal and daily variation of carbon and water flux in different grassland types, and discussed
the key factors influencing water and carbon processes in different grassland types. It was found that the Common
Land Model was suitable for simulating carbon and water fluxes in different grassland ecosystems during the growing

season, and the simulation results of evapotranspiration (ET) were better than those of carbon fluxes (gross primary
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productivity, ecosystem respiration, net ecosystem exchange). The total evapotranspiration of temperate desert,
temperate steppe, desert steppe and mountain meadow in the growing season is greater than precipitation, and the
carbon uptake of temperate steppe, desert steppe and mountain meadow in the growing season is —28.2, —41.5,
and —152.0 g C-m °, respectively, showing carbon fixation and carbon sequestration capacity ranking as: Mountain
meadow >desert steppe=>temperate steppe. Precipitation and net radiation were the most important factors affecting
evapotranspiration of different grassland types during the growing season, and were significantly positively correlated
with carbon and water flux (P<C0.01). With low vegetation cover in arid land, evapotranspiration was more
significantly affected by soil evaporation than was the case with grassland, and evapotranspiration of grassland with
good vegetation cover was more affected by plant transpiration. Leaf area index (LAI) was the most important factor
affecting carbon exchange in grassland ecosystems, followed by precipitation and net radiation. This study provides a
framework for understanding the carbon and water cycling processes of grassland ecosystems and their responses to
climate change in arid and semi-arid areas.
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H JE&IT & Sensible heat flux Wem ’ BB Vorticity data
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Etr FH Y ZE ¥ Plant transpiration mm CoLLM &4l ColLM simulation
Fg + 5EZ% & Soil evaporation mm CoLLM #54l CoLLM simulation
R, 1§44 59 38 4 Net radiation flux Wem * 15 B2 54 Vorticity data
SWC (0~71 cm) + 3K 43 % 5 Soil moisture content (0—71 cm) kg'm * CoLM 4l CoLLM simulation
Ts (0~71cm) + HEIR B Soil temperature (0—71 cm) K CoLLM %4 Col.LM simulation
Ta Kk Air temperature C KLU Meteorological data
Prec ST %7K Accumulated precipitation mm K4 HHE Meteorological data
LAI I T FRL4E %X Leaf area index — MODIS %4 MODIS data
RH 2SR Air humidity % 15 B2 $4% Vorticity data
VPD U FIZK I3 T 22 Vapor pressure deficit kPa i B Vorticity data
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Fig. 10 Simulate the trend of changes in environmental factors related to carbon and water flux during the growing season in

temperate steppe (DL), desert steppe (SW) and mountain meadow (JHT)
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Fig. 11 The impact of various environmental factors on evapotranspiration, gross primary productivity, ecosystem respiration
and net ecosystem exchange

*: P<C0.05; **: P<{0.01; ***. P<Z0.001.
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Table 4 The impact of environmental factors on carbon and water fluxes in different types of grasslands ( %)

T A R A7 i {H Importance value
Flux site Variable 1 2 3 4 5
AR Uk ET R, (23.6)%* Fg(22.7)%* Etr(19. 5)%*x* LE(19.0)%* Prec(16. 8)%*x*
Doron station GPP LAT(30. 0)#* Prec(21. 6)#* Ta(15. 0)#** Etr(14. 3)** Ts(12. 2) %+
(DL) R.., Ta(21. 3)%* LAI(18.5)%x Prec(18. 5)** Ts(15.7)* SWC(13.3)**
NEE Prec(20. 3)** Etr(17.5)%* LAI(16. 1)** R, (11.3)* -
DU 3k ET Prec(24. 5)** LE(21.8)%** Fg(21.5)** R,.(20.9)** SWC(13.5)%*
Siziwang banner GPP Prec(23. 8)#* LAI(19. 3)** LE(17. 1)%* R,.(16.8)%* Fg(15.0)%x
(SW) R Fg(19.5)% LE(19. 2)%* LAI(18.9)%* Ta(15.2) % Ts(14. 7)%x
NEE Prec(23. 9)%** R,.(23.8)%* H(14. 4)*x LE(13.8)** Etr(11. 8)**
AL ET R, (28.5)** Prec(27. 4)%* Etr(22. 3)** LE(18.4)%* Ta(16.3)%*
Juhatai station GPP Prec(37. 1)+ LAI(33.9)* R, (18.3)%* Ta(13.4)#* Etr(12.9)#*
(HT) R.. LAI(28. 3)%+ Prec(18.3)%* Ts(16. 8)** Ta(14.8)% SWC(9. 7)%
NEE Prec(46. 6)** LAI(22. 8)** R, (19.2)%* Etr(14.5)%* LE(11.7)*

Importance value 1~5: ¥R 35 P 5% 5 7Kl bk fy 50 28 B 2 ply R B0 /N HE P L B0 6 7 45 B B8 R 7 % Bk 7K 3l 4k 19 5Tk % (26) The order of importance

value of environmental factors to carbon and water fluxes from large to small, and the numerical value indicates the contribution rate of each

environmental factor to carbon and water fluxes( %) ; *: P<C0.05; **. P<C0.01.
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