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Energy balance of an artificial grassland in the Three-River Source Region of the

Qinghai-Tibet Plateau

ZHANG Xiang' LIU Xiaogin' ZHANG Lifeng' NIU Ben' ZHAO Liang® GU Song'”
1 College of Life Sciences Nankai University Tianjin 300071 China

2 Northwest Plateaw Institute of Biology Chinese Academy of Sciences Xining 810008 China

Abstract: To reveal the influence of planting artificial grassland on the energy balance of the Three-River Source Region on
the Qinghai-Tibet Plateau the variation of the energy budget and its components of an artificial grassland were studied using
eddy covariance and micrometeorological methods. The results showed that the highest daily solar radiation (R,) and net
radiation (R,) were 33.6 and 19.1 MJ m™ d”' with annual accumulated values of 6789.4 and 2773.3 MJ m™

respectively; the radiation efficiency (R,/R,) annually averaged 0.41 with a higher value of 0.54 in the growing season
from May to September. The sensible heat (H) and latent heat flux (LE) displayed obvious seasonal variations. H was the
lowest in December and increased with an increase of R, but decreased in the growing season appearing the sub—low value
in mid July. LE remained relatively low in winter and increased rapidly in early March reaching a peak in July. The
energy partitioning (average annual LE/R, H/R, and G/R, were 0.46 0.45 and -0.13 respectively) was mainly

composed of LE and H. There were obviously different patterns of seasonal variations of LE and H with Bowen ratio (8=
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H/LE) averages for winter spring summer and autumn of 3.33 0.68 0.42 and 1.29 respectively. Affected by the
vegetation leaf area index (LAI) the soil water content (SWC) and vapor pressure difference (VPD) and annual
maximum values of both the canopy conductance (g,) and decoupling coefficient () averaged 16.22 mm/s and 0.70

respectively in summer suggesting that LE was controlled by R, during the growing season of plants. The average values of
Q) were <0.5 in other seasons indicating that LE was strongly regulated by VPD. The present study suggests that 1) R, /R,
was relatively low despite the high incident solar radiation in the Three-River Source Region; 2) the energy balance
component variations were mainly controlled by R, LAl and SWC; and 3) the increased artificial grassland coverage

changed the processes and components of energy balance.

Key Words: Qinghai-Tibet Plateau; Surface albedo; Bowen ratio; Energy balance; Eddy covariance
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Table 1 Measurements of meteorological parameters instruments and location
/em
Observation elements Instruments Height or depth
Short-wave and long-wave radiation CNR-1 Kipp and Zonen Netherlands 150
. QT USA- Ti . ;
Latent heat and sensible heat CSAT3 CSI USA; Li-7500 Li—-Cor USA 220
Soil heat flux HFT-3 and HFPO1 CSI USA -2
Wind speed 034A and 014A CSI USA 220
Air temperature and relative humidity HMP45C CSI USA 220
Soil temperature 105T CSI USA -5
Precipitation TE525MM CSI  USA 50
Soil water content TDR CS615 CSI USA -5
1.3
N WPL
21-22 “
( 4) 2 (MDV)
24 .
R-G=H +LE
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Table 2 Daily means of solar radiation energy balance components and major biometeorological factors in each season and the growing season

over the artificial grassland from Dec. 2006 to Nov. 2007

Winter Spring Summer Autumn Growing season
R/(MJm™2d™") 14.5 21.5 21.4 17.0 21.2
R/ (MIm™d™") 4.2 5.1 4.0 3.2 4.2
L;/(MJm™2d™h) 15.5 21.1 26.4 20.8 25.5
L,/(MJ]m™2d™") 22.9 28.5 31.5 27.7 31.0
L,-Ly/(MJm™2d™") 7.5 7.4 5.0 7.0 5.5
R,/(MJm™2d") 2.7 8.5 12.3 6.8 11.4
LE/(MJm™2d™") 0.8 4.2 6.9 3.5 6.2
H/(MJ m™2d™") 2.2 3.5 2.6 2.6 2.8
G/(MJm™2d™h) -0.7 0.3 0.4 -0.5 0.3
/ R, /R, 0.18 0.40 0.58 0.40 0.54
/ LEIR, 0.29 0.52 0.56 0.45 0.54
/ H/R, 0.73 0.35 0.23 0.49 0.24
/ G/R, -0.43 0.03 0.02 -0.15 0.02
a/(R;/R,) 0.31 0.25 0.21 0.20 0.22
B(H/LE) 3.33 0.68 0.42 1.29 0.45
5 cm T_5/C -6.4 3.5 12.9 5.6 11.4
T,/C -11.5 0.6 8.0 0.4 6.9
Precipitation /mm 6.0 81.7 305.3 104.1 439.7
SWC/(m?/m?) 0.08 0.21 0.33 0.23 0.29
VPD/KPa 0.16 0.38 0.32 0.29 0.35
LAI/(m?/m?) - 0.6 1.9 1.8 1.6
g./(mm/s) 4.52 7.77 16.22 8.01 13.75
0 0.25 0.45 0.70 0.43 0.63
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