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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 7', 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

RLHER & AL E/ em

Meteorological elements Instrument Location

ARS8 & Radiation flux HHiE Y (CNR-1, Kipp and Zonen, Netherlands) 150

25 IRIEE Air temperature and humidity TR EHRET (HMP45C, CSI, USA) 110, 220

T HIEE Soil temperature AL (105T, CSI, USA) -5, =10, =20, -40, -60

4K AR Soil water content TDR bS8 % 45 (CS615, CSI, USA) -5, -10, -20, -40, -60

[%7K Precipitation B2 AR ETT (TES25MM, CSI, USA) 50

INRIZEBAL (LYSA0) F= 2] T I 5 vy 28 B ) 1) 28 U84k, AR 40 em, 512 50 em, 28 & 73 HER K 0.01

mm, B E7 R 0.04 mm B ZK I H S HEACEHR 5 IR R) 28 A 4 (LYS20) FH 70 s o FE ) 1) 1 09 2
K, HAR 20 em, 5 25 em, Z8 K 0B 0.01 mm, 75 FIRRUTR WL Z 58 B3 o3 531 22 25 /N R 7898 ASORT - 33

RREIZE B 2545 = A OR B 1), =AU )~ S48 T AR 55 ds 70 B . B0t R 20 ] (8] %24 30 min,
FIH] GPRS #EATH I i A2 A5 i
FELR 158434 ) it ( above —ground biomass, AGB) FIF [ FRF8 20 ( LAL) B9 22 SR FH H ML AE B 22 vk,
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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 ( E7) of different vegetation coverages in alpine meadow under clear day condition in July

for 2017 and 2018
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R TSRS ET S2mit ) 0 2017 12018 4F ET 5 R A7FAE RAF A ICH:  ELPAE AR (L AR 7 63 (1A 8)
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Table 2 Comparisons of evapotranspiration ( E7") and related parameters between different grasslands

B
s . . NI s b e e _—
B 4 KR e RRSEE RBSRN ik
Grassland types Altitude/m Annual P/mm 5, 2 HAH(E/ET) HWAB (T/ET) References
LAI,,/(m*/m”)
M52 H 5 Inner L. steppe 1187 350—450 1.77 0.4 0.6 [39]
FA LR Meadow steppe 171 269 3 0.49 0.51 [40]
5 1A ST 2
1526 369—434 0.94 0.8 0.2 41
USA Arizona steppe 0 o [41]
RV EVEZN N
RIARD R 3 2072 311—557 - 0.07 0.93 [42]
USA Colorado steppe
5 + 5 R Loess Plateau grassland 1224 363 1 0.67 0.33 [43]
T €% Alpine meadow 3250 641 3.6 0.35 0.65 [11]
B AL B FE ) Degraded alpine meadow 3963 442—529 1.36 0.56 0.44 NI
P, Bk Precipitation; E: EK Evaporation; T eI 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 4F ET=0.2491 R,-0.636(R*=0.9719) ; E=0.1959 R,—0.1688( R*=0.9362) ;
T=0.1221 R,-0.5371 (R*>=0.9296)
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2018 4F  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)

FF 5T I ], 32 Tk vy T B ) 422 37 1 K B 4R S AF B R 6365.6 MJ/m” | 1T ¥4 S 41 A 2653.1 MJ/m* R, /5
RIGLBI(R,/R,) £ 0.42 % HAE B AR T 23R T BIMH (0.61) Fl L HIH Ay AR GE M ) 5 FE RE f 4
XA 1R ) SR SR | A BRH Xt 5 P e B D A 2 S BT R I R /R AR R ) e R
IRIZ IR R BH B ARS8 B T R, /R AR, RBUE S RG220 R ABXEAR, Bk, R &4 ET E
K T fe FEHF,
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Fig.9 Relationships between evapotranspiration (ET), the growing season evaporation ( £) , transpiration (7)) and air temperature (T, )

in degraded meadow for 2017 and 2018

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

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

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

7T=0.0231 T,>-0.2123 T,+ 0.6218  (R*=0.9192)
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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 4 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 4F E I T bifi SWC A3 i) 5 B AR 35, ML SR AE T A58 sp E A R, AR
SWCERM E M T EEERF 22— (AFEE £ T 3852 2055 5 AR B A KROS5 2 7 1 s, 5
RS RIS 7 L M ZE S B B P -, N, SRR TR M T s e AE KIERE 7—8 H . A
M, SWC, F e (B B0 AE 9 A (& 2) |, i Ub it HE 4 B FF Rk ARG 221, R AN T B AR T 7—8 H , BT LA
LT B SWC AR AN S 0 5 T RERY 3, Maseyk ZE0Y $8 1 T R AZ A PR X & KRR, i 2017 4
7—8 1 SWC;BH AT 2018 4E (A1, AL 3 2017 4F T X} SWC, ML b 2018 B8 A Uk
324 MAUKEEZE
TR IR 2 (VPD) Fm KR K/ B R A8 1, i s e 2 S A S R4 ET, #F5E )
6], P4 ET B VPD BRGNS B E I (B 11) %485 15 B A4RGE g 25T R >,
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)

PHAE E Bt VPD 3 i ¥ 52 00 5 B4R 1 Fh %, o 55 o0 A A6 RN R kPO R Y 25 R A — 5L,
Seneviratne % H5 S H VPD BT R SR R RAER TR TEAZ L HOK ARG &0 R E B VPD /9 1
FHmsEIn, H 75 VPD MR K I, 24 VPD<0.75 kPa I, T %t VPD 7284k i) i 13 I A ek, HJs R 22 — 7] fig
JEA KRN VPD AR ShYE 207 0.01—1.53 kPa Z[8], W R AT 2 4R 38 oAb F b Y 2—5 kPal™ | i Ik (4
KRR ] RE BRI ML Bl RO ZE B VR ) 0B 1 25 T B VPD AR AR B
3.2.5 MBI LA YRR ZE B 50

LR ST IR B FREE DA - 0952, R HZ AL A 7 300 T LR R X2 E S RS ET E f T
BISZIR 2 A BHE TS R AN | R XA O R BGHA TS 10T (R 3)

&3 2017 #2018 FiRLER ET E.T 5EEIREE FH Pearson 10X RZH

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

meadow for 2017 and 2018

PR RS (R,) IR (T,) WAIKIHZE (VPD) 5 em RHEEKEL (SWCs)
Evapotranspiration type Net radiation Air temperature Vapor pressure deficit Soil water content at 5 cm 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

# w FIRTE 0.01 KF LR BE

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) ;

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

REW ZAEBRG ET 5 IR R 2 W EAHOC, Ho R A T A G PE . B SWCS A, HoAth
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