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Effects of evaporation and transpiration on evapotranspiration of degraded

meadow in the Three-River Source Region
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Abstract; Evapotranspiration ( ET) is mainly composed of evaporation ( E) and transpiration (T), however it is often
difficult to separate E and T from ET in a terrestrial ecosystem. To better understand the effects of E and T on ET of alpine
meadow in the Three-River Source Region ( TRSR) (89°24'—102°23"E, 31°39'—36°16'N) in Qinghai Province,
lysimeter and micrometeorological measurements were used to quantitatively study the variations of ET, E and T, and effects
of vegetation and environmental factors on evapotranspiration processes. The results showed that the ET in 2017 and 2018

was 467.7 mm and 479.2 mm, respectively, and ET during the growing season ( May-September) accounted for about 72%
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of annual total ET, while the contribution of E to ET (56% ) was greater than that of T (44% ). Furthermore, more than
90% of annual precipitation was returned to the atmosphere through the ET processes ( ET/P > 90% ). Based on the results
from lysimeters with different vegetation coverages during the growing season, it was found that ET increased with the
decreasing of vegetation coverage. The results of stepwise regression analysis indicated that net radiation (R,) was the most
important factor driving ecosystem ET, E and T; in addition, the response of E to vapor pressure deficit ( VPD) was more
sensitive than T, while the air temperature (T,) was more significantly associated with T in comparison to the E. The effect
of soil water content (SWC;) on ET was relatively small maybe due to the precipitation was relatively abundant in this
alpine meadow. The results suggested that the degradation of alpine meadow would lead to the increase of E, as a result

more water is lost from the ecosystem through evapotranspiration.

Key Words: vegetation coverage; soil water content; net radiation; lysimeter; Qinghai-Tibetan Plateau
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Table 1 Measurements of elements and instruments used
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Fig.1 The sketch and picture of TRSR and micro-lysimeter and soil micro—lysimeter set in study site
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Fig.2 Annual variations in net radiation (R,), air temperature (7, ), precipitation (P), soil water content at 5 cm depth (SWC;) and

vapor pressure deficit (VPD) in alpine meadow for 2017 and 2018
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Fig.3 Annual variations in daily and monthly evapotranspiration ( £7) in alpine meadow for 2017 and 2018
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Fig.4 Annual variations in cumulative evapotranspiration ( ET) and precipitation ( P) in alpine meadow for 2017 and 2018
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Fig.5 Diurnal variations in evapotranspiration ( ET) , evaporation ( £) and transpiration ( 7') in alpine meadow under clear day condition

in July for 2017 and 2018
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Fig.6 Contribution of evaporation ( £) and transpiration ( 7) to evapotranspiration ( E7) in alpine meadow during the growing season

under clear day condition for 2017 and 2018
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Fig.7 Diurnal variations of evapotranspiration ( £7) of different vegetation coverages in alpine meadow under clear day condition in July

for 2017 and 2018
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F R GHEAESXT ET 5gmat % ) 2017 F12018 4F ET 5 R AF7E RAFIHICHE BB M AR fLIE R B2 (181 8)
M RALT 4 MI/m?/d BF, FERAEELE B TIREEFEDT, HH0THREIRE JET 52 R W MARE /N
MR T 4 MY/m?/d B BERZVR T AR, SRS TRLEE RN K B I ET #RBE R, AT 2 LA I H X
HEHGE R SR 2 2017 48 E M T 5 R, AR5 2018 4EARIR], Kbl R, (38 fin 52 BA 8 14 1 Tt
X S AT AAMRGE B4R SR, TR B AERR] R AR E ST TR IR RE A K (]
R AR RS E 5 R MWZMRIARRRR T T 5 R, , UL 155878 oo B Ak oy € 754 28 1Y) o7 ik o
K, 5 THIEL,E X R, B R EUR,

R2 TREMZEHREAXSHOLER

Table 2 Comparisons of evapotranspiration ( £7) and related parameters between different grasslands

o . o o INLY e L e Lt o
HiHh HE 273 AEREK HRUE A EESHEM  EBESER Sk
Grassland types Altitude/m Annual P/mm 5, o HAH(E/ET) LB (T/ET) References

LAL,,./(m"/m")
P52 1 555 Tnner L. steppe 1187 350—450 1.77 0.4 0.6 [39]
B AR AL B Meadow steppe 171 269 3 0.49 0.51 [40]

] IV SR N 5
%‘UETJ%W IR 1526 369—434 0.94 0.8 0.2 [41]
USA Arizona steppe
SREEY e SV

2072 311—557 - 0.07 0.93 42
USA Colorado steppe [42]
% 1 5 JH B Loess Plateau grassland 1224 363 1 0.67 0.33 [43]
[ FE L fa] Alpine meadow 3250 641 3.6 0.35 0.65 [11]
AL FE R i) Degraded alpine meadow 3963 442529 1.36 0.56 0.44 ENT S
P. F%ﬂ(i Precipitation; E: wK Evaporation; T K Transpiration
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Fig.8 Relationships between evapotranspiration ( ET) , evaporation ( £) and transpiration ( 7') in the growing season and net radiation

(R,) in alpine meadow for 2017 and 2018

2017 4= ET=0.2491 R,-0.636(R*=0.9719); E=0.1959 R -0.1688( R*=0.9362) ;
T7=0.1221 R,-0.5371 (R*>=0.9296)
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2018 4 ET=0.2537 R,—0.8305(R*=0.9109); E=0.1798 R,+0.2066( R*=0.8369) ;
T = 0.1178 R,—0.5848( R*=0.8287)

WREIIIA] | 18 1k i 2 ) 42252 ) K BH AR S 4F BV 6365.6 MJ/m” | 1T 48 AR Bl 2653.1 MJ/m” R, (5
RIWHBI(R,/R,) 290 0.42, 2 O AE W] AR T 23R {8 (0.61 ) I E 438 1Y oA S B o7 | TR JE RE A A
XA 1R 1) SR IR | A BR X 5 P e B D A 2 S BT R S R /R AR R RS ) e R
IR K PSR  H R T R, /R ARAR, F 8RS RG220 R AN AR, Kk, R 3R ET .E
K T i FEH T,

322 HE

TRE (T,) AUV AR A N & T A SE B 7 TR) ek 38 ok B i - 39 25 & R 400 25 s i 5 i A 75 R
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Fig.9 Relationships between evapotranspiration ( ET), the growing season evaporation ( £) , transpiration (7)) and air temperature (7, )

in degraded meadow for 2017 and 2018

2017 4 ET=1.2879¢"%%™ (R*=0.9501); E=-0.0075 T,>+0.1766 T,+ 0.9537 (R*=0.1837) ;

7=0.0158 T,>-0.1121 T,+ 0.2023 (R*=0.9638)

2018 4F  ET=1.4526e"""" (R°=0.965); E=0.0132 T,°-0.1153 T,+ 1.9327 (R*=0.3363) ;

7=0.0231 7,2-0.2123 T,+ 0.6218  (R*=0.9192)
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SZ BRI, BT XoF A 56K 43 17 b SRR, 2 =2 XoF A 39K 43 (i By DU AR S e T e E A A AR R R B AE
0—10 em FIFRZHIE HH ET 5 5 om HE HHEE/KE(SWC,) B R (I 10) Al A1, 24 SWC, KT 0.25 m*/
m®  ET B SWC I FHE M, 245 T 0.25 m®/m’ I, ET i SWC, 134 5 2 P54 (2018 4E) 8 F I (2017 4E) i#a
PO EBRE IR ZEER R, M T, B A K AE Y 7—8 H (& 2) , 1M1 2017 4 7—8 H ) SWC, W AH XT 48
i, X AT HE S 2017 4F 7—8 H ET {XF 2018 4E[HAM R 2 — , AHFGE ET X} SWC 1M 1 5 T 438 1 2 FE€ 5
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Fig.10 Relationships between evapotranspiration ( ET), evaporation ( £) and transpiration ( 7) in the growing season and soil water

content at 5 cm depth (SWC;) in alpine meadow for 2017 and 2018

2017 4F  ET=-46.391 SWC,*+ 22.228 SWC,—- 0.7667  (R*=0.7218);
E=-1.0689 SWC.+ 2.1432  (R*=0.0698); T=-7.3543 SWC,+ 2.3091 (R*=0.8882)
2018 4F  ET=-23.991 SWC,>+ 15.635 SWC,-0.5368  (R*=0.8152);
E=-2.6347 SWC,+ 2.8791 (R*=0.3283); T=-5.214 SWC,+2.3013  (R*=0.7251)
2017 12018 4 E 1 T bifi SWC B34 i35 52 B AR A 5, ML S SR AE R N R 98 ip B R R
SWC RN E Il T IEZE N2 — HFEE EF T 052 2058 5 5 FIAR B A RO 4513 22 - 1 s ),
ARG R IK SN ZE R 2R e B N -, R, M JE R TR, A T s E I MR AE KR 7—8 A, &
1M, SWC e (B M BUAE 9 A (K 2) iR © JF d i ARG 2530, R A T B BAKF 7—8 A, i i
BT Bt SWC, A3 52 W . R FRAG A, Maseyk 2035 H T F 22 M WIHR IX 3 Sk 4, it 2017 4
7—8 H By SWC BB AL F 2018 4F[AHA , [Hl L T80 2017 4F T X SWC ML L 2018 B A ek,
3.24 RKIREZE
TR IR 2E (VPD) /R KKK A 75 R A8 77, il ad S mi el )2 5 BE i g i AR S R 48 T W 9e b
[6], WI4E ET B VPD (5L Bk ETHas (B 1) %45 R S e MaE g2 ot sssm >,
2017 4 ET=1.9548 VPD + 0.2457  (R*=0.9721);E=1.9322 VPD + 0.7348  (R’=0.8926) ;
T=2.5163 VPD-1.5418 (R*=0.9766)
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Fig.11 Relationships between evapotranspiration ( £7'), evaporation ( £) and transpiration ( 7’) in the growing season, and vapor

pressure deficit ( VPD) in alpine meadow for 2017 and 2018

2018 4£  ET=2.7127 VPD + 0.0153 (R*=0.9382) ; E=3.0162 VPD +0.1494 (R*=0.9315) ;
T=2.3401 VPD -0.9349 (R*=0.9387)

PIAE E B VPD (38 i ¥ 5 00 5 B4R 1 Tk 3, o 5 o0 A Y R R kPO A ARG 25 R A — 5L,
Seneviratne % F5 Sl H VPD BT R SR R RFER TR TEAZ HHOK A REI &0 T E B VPD /9 1
FHmisEhn, B T 5 VPD 6 R A, 24 VPD<0.75 kPa I, T %t VPD 784k 1) 0 15 - Sk | it Rl =2 — ] fig
KR VPD A SE FZA7E 0.01—1.53 kPa Z (8], B B AR T O 38 HoAb 5 i 2—5 kPa"™® | i3Ik Y
KPR ] RE BRI R B RO ZE B AR 0BT 350 T Bl VPD AR AL AR B
3.2.5 MBI LA VE R ZE B 520

LR SIS A B FRBE A - 0952, R HZ AL A 5 300 T LR RS X% E S RS ET E M T
BN, 228250 B S0 Hr 45 R AT « [l XA SC R BT T (R 3) .

3 2017 #2018 FiRLE M ET.E. T 5 X EIFEEFHY Pearson 1% R

Table 3 Pearson correlation coefficient between evapotranspiration, evaporation, transpiration and major environmental factors in degraded

meadow for 2017 and 2018

AR RS (R,) ZRIRE (T,) TATRIE2E (VPD) 5 em LHEEIKAE (SWCs)
Evapotranspiration type Net radiation Air temperature Vapor pressure deficit Soil water content at 5 em depth
ET 0.815*" 0.789 " 0.528 " 0.555*"
E 0.727** 0.110"" 0.646 " 0.016
T 0.625 " 0.524"" 0.400 ** -0.328

* % FNTE 0.01 K R TFH

ET=0.631 R,+0.261 T,+0.251 VPD+0.092 SWC,-0.046 (R*=0.723, P=0.001) ;

E=0.489 R +0.327 VPD+0.353 (R*=0.693, P=0.000) ;

7=0.412 R,+0.305 T,+0.213 VPD-0.024 (R*=0.6823, P=0.001)
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