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Abstract: Evapotranspiration ( ET) is an important component of terrestrial ecosystem water balance. To examine the ET
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characteristics of degraded meadow in the Three-River Source Region (TRSR), we quantitatively studied the variation of
ecosystem ET and the effect of environmental and biological factors on ET with eddy covariance and micrometeorological
measurements from 2016 to 2017. To further characterize the ET at different stages, each year was divided into three periods
based on soil temperature: i.e. frozen period, freeze-thaw period, and thawed period. The growing season was further
defined as from May to September within the thawed period according to plant growth status. We also explored the influence
of soil freeze-thaw on annual ET. The results showed that the annual precipitation in 2016 and 2017 was 451.8 mm and
442.3 mm, respectively, but the amount of annual ET in 2017 (485.6 mm) was obviously higher than that in 2016 (428.6
mm ). The seasonal variation of ET showed a similar pattern for two years, with the peak value in July-August and the lowest
value in December or January, and the amount of ET in the growing season accounted for about 72% and 73% of annual
ET, respectively. The length of frozen and freeze-thaw periods in 2017 was 8 days shorter than those in 2016, while the
amount of ET during the thawed period in 2017 was 63.1 mm more than that in 2016, of which the growing reason was 36.3
mm higher. The average daily rate of the ET was 1.81 and 1.97 mm/d in thawed period, 2.05 mm/d and 2.29 mm/d in the
growing season, 0.97 and 0.73 mm/d in the freeze-thaw period, and the lowest rate was in frozen periods with only 0.27
mm/d and 0.33 mm/d for 2016 and 2017, respectively. The results of multiple stepwise regression analysis showed that net
radiation (R, ) had the greatest impact on ET', and then was the temperature ( 7,) and soil water content (SWC;) in 2016,
while ET was mainly controlled by R, and T, in 2017. The canopy conductance (g,) and decoupling coefficient ({2) in the
growing season and thawed period were obviously higher than those in other two periods, and the value of both g, and (2 in
2017 was higher than those of the same period in 2016. Our study suggested that the obvious variations in ET for each period
and year might be caused by the change of freeze-thaw cycle occurrence and different vegetation status due to different
radiation and temperature. The results of this study can provide a reference for comprehensively exploring the characteristics

of evapotranspiration in the TRSR.
Key Words: evapotranspiration; Qinghai-Tibetan Plateau; eddy covariance; precipitation; canopy conductance
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Table 1 Measurements of elements and instruments used

Meteorological elements Instrument Location
TN I ARG Sonic anemometer ( CSAT3, CSI, USA) 220
Latent and sensible heat flux C0,/H,0 analyzer (Li-7500, Li-Cor, USA)
%gjﬁ% Net radiometer (CNR-1, Kipp and Zonen, Netherlands) 150
Radiation flux
7% /5 YEL S e
I,—\‘dﬁllakr; . Temperature and humidity probe ( HMP45C, CSI, USA) 110, 220
Air temperature and humidity

f“#l“ =N
i%ﬁ% Soil heat flux plate ( HFT-3 and HFPO1, CSI, USA) -2
Soil heat flux

e
ii%ﬂf; Thermocouple (105T, CSI, USA) -5, -10, =20, -40, -60
Soil temperature

58 A~ )¢ -
ijél% KR TDR soil moisture sensor (CS615, CSI, USA) -5, -10, -20, —-40, -60
Soil water content
Kok - . .

Tipping bucket rain gage (TE525MM, CSI, USA) 50

Precipitation
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Fig.1 The relationship between the sum of sensible heat and

o IRGE  u ARG (m/s)

P ey - =z [25]
—TF@I Ei?ﬁ( E Tm, ) Hﬁ ‘F:T‘—tﬂ‘%‘ﬁ" Hj : latent heat fluxes (H + LE) by eddy covariance and the available
E Tm/ =A( R, - G)/L(A + 'y) energy (R,— G) by energy balance method in degraded meadow
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Fig.2 Annual variations of net radiation (R,) , precipitation (P), soil water content at 5 cm depth (SWC; ) , air temperature (7,), soil

temperature at 5 cm depth (7,) and vapor pressure deficit (VPD) in degraded meadow for 2016 and 2017
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Fig.3 Annual variation of daily and monthly evapotranspiration ( £7) in degraded meadow for 2016 and 2017
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R2 2016 712017 F LR A EH FRZTEH ERBRERFHXS
Table 2 Divided period of soil frozen, freeze-thaw, thawed and the growing season for 2016 and 2017

Ay HEW(H-H) RS (H-H) HAEI(H-H) ARE(H-H)
Year Frozen period (m-d) Freeze-thaw period (m-d) Thawed period (m-d) Growing season (m-d)
2016 1-1—4-1; 11-14—12-31 4-2—4.-22 4-23—11-13 5-1—9-30

2017 1-1—3-25; 11-14—12-31 3-26—4-7 4-8—11-13 5-1—9-30

2016 F12017 4 ET B TEAE KRB RS E, 435124 2.05 mm/d F12.29 mm/d; SARAE 1 IR R4S
43900 0.27 mm/d F10.33 mm/d, 2016 FFURAEE BN ET 3R K 0.97 mm/d, & F 2017 4£11% 0.73 mm/d, H.
2016 AFVRAI S RIS ] L 2017 4R1C 8 d, IIiZ I Bt 2016 4F ET BT 2017 4F i 7E HoAts 3 ~mf B, 2016
4 ET #ARBT 2017 4

Fz3 2016 #2017 E3INHERERKRSEHEMEHEER

Table 3 Evapotranspiration (E7T) and evapotranspiration rate in three periods and growing season for 2016 and 2017

i B Period

- : —— =
Veur Ve Vi B ) R
Frozen period Freeze-thaw period Thawed period Growing season
ZEHURE ET /mm 2016 37.9 20.4 370.3 314.4
2017 43.7 9.5 433.4 350.7
ZEHGHE R ET rate/ (mm/d) 2016 0.27 0.97 1.81 2.05
2017 0.33 0.73 1.97 2.29

2.3.3 AR BzE O H A2 4k
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), AR K ZEWIE] 2017 4EZEH0H R0 H f i {E4 0.30 mm/h, & T 2016 4EFHA) 0.28 mm/h, 1M 76 1 358 4
R, 2017 AEZEHGE A H iz m H M 0.11 mm/h, fIKF 2016 4F[RI A 0.13 mm/h, 78 ZR 45 5 F13H w9
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Fig.4 Diurnal variations of evapotranspiration ( E7T) in growing season, frozen, freeze-thaw and thawed periods for 2016 and 2017
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Fig.5 Cumulative evapotranspiration (ET), precipitation () and equilibrium evapotranspiration (£7,, ) for 2016 and 2017
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Table 4 Comparisons of evapotranspiration ( ET) and precipitation (P) between different grasslands

T2 K AEZE AR A ARZERUE 5 2230k
Vegetable type Altitude/m Annual ET/mm Annual P/mm JKigHU(H (ET/P) References
NESEL AR
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o e
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Alpine meadow
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5 EVE A A
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‘HE' IJA’-‘_ IS
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B Ak FE E )
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Fig.6 Relationships between evapotranspiration ( £7) and net radiation (R,), air temperature (7,) in degraded meadow for 2016
and 2017
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Fig.7 Relationships between evapotranspiration (E7) and vapor pressure deficit ( VPD ), soil water content at 5 cm depth (SWC;) in
degraded meadow for 2016 and 2017
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Table 5 Pearson correlation coefficient between evapotranspiration and major environmental factors in degraded meadow for 2016 and 2017
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Years Net radiation Air temperature Vapor pressure deficit Soil water content at 5 cm depth
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2017 0.827 " 0.796 ** 0.646 " 0.495 **
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Fig.8 Diurnal pattern of canopy conductance (g, ) on clear days in growing season, frozen, freeze-thaw and thawed periods in degraded

meadow for 2016 and 2017
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Fig.9 Diurnal pattern of decoupling coefficient ({2) on clear days in growing season, frozen, freeze-thaw and thawed periods in degraded

meadow for 2016 and 2017
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