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Water budget and evapotranspiration partition in an alpine meadow ecosystem in

the upstream of the Heihe River, China
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Abstract: Water budge is an important indicator for water resource sustainability. It is critical to quantitatively analyze the
water budget, yet challenging due to complex and dynamic hydrological processes such as precipitation, runoff,
evapotranspiration, and soil water storage. In this study, we estimated the dynamics of water budget in an alpine meadow
ecosystem based on the meteorological observation during the years 2014 and 2015 at the A'rou site in the Heihe River
Basin (HRB). In addition, we partitioned the process of evapotranspiration into vegetation transpiration and soil evaporation
by using the two-source model to understand the process of water budget. Our results showed that vegetation transpiration
was the major cause of water consumption in the alpine meadow ecosystem during the two-year growing season. Mean ratios
of transpiration to evaporation (7/ET) during the growing seasons of 2014 and 2015 were 0.74 and 0.79, respectively. The
surface soil layer (0—40 cm) changed significantly compared with the other soil layers and dramatically affected by the

freeze-thaw process. In the rainy year (2014), the water budget remained basically balanced, and a 42-mm surface runoff
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was generated during the growing season; however, in 2015, evapotranspiration exceeded precipitation, leading to a
decrease in soil moisture. The results estimated from the two-source model were consistent with the observed data, with a
correlation coefficient of 0.90. The analysis of model sensitivity indicated negligible error from the variables of model input.
The above results demonstrated the successful application of the two-source model for the partition of evapotranspiration in

an alpine meadow ecosystem.

Key Words: alpine meadow; water budget; two-source model; transpiration fraction
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for the input variables in mode
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Fig.2 Monthly variation of meteorological variables in study area from 2014 to 2015
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Fig.3 Comparison of Predicted evapotranspiration and simulated evapotranspiration in 2014 and 2015
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Fig.6 Compare to the soil water content between the before freezing and after thawing at different soil depth
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Fig.8 Monthly variation of water budget in Alpine meadow ecosystem in 2014 and 2015
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Table 2 Freeze-thaw start and end date of Alpine meadow ecosystem in 2014 and 2015

TR RE THGURE 56 2RI TZHE/cm TF A R 2 40 S8 R
Deepth/cm Start to freeze Completely thaw Deepth/cm Start to freeze Completely thaw
0 2014-9-29 2015-5-20 40 2014-12-17 2015-4-28
2 2014-11-8 2015-4-5 60 2014-12-24 2015-5-6
4 2014-11-16 2015-4-6 80 2014-12-31 2015-5-9
6 2014-11-22 2015-4-5 120 2015-1-9 2015-5-15
10 2014-11-27 2015-4-6 160 2015-1-24 2015-5-21
20 2014-12-6 2015-4-15 160 LL'F
\ TGS
30 2014-12-14 2015-4-19 320 ULk
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Table 3 Interannual variation of water budget and its components of Alpine meadow ecosystem in 2014 and 2015
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Fig.9 Relationship of LAI with daily mean transpiration fraction

(T/ET)

S BRTEOC R, Wei & KB RRIBEIRR LA 5048 W RE S S8 T/ET fAE— iR NI,

http ; //www.ecologica.cn



10 A E = 38 G

ORI LA BB X ZE8UR ET YR ME K,
4.2 KOWEAEE

AT FH K A7 )7 Bl i FE A A= 25 2R 55 2014 1 2015 4E K AP HATANE . TERAEINAEE K2
% A ZEHUR s R T oK B R GRS T8, X5 Yao 254712 2004—2011 SR X g b 2 98 Fifa)
B RGKIMCCF TGS RA— B, 76 2014 AR Z R Al i 1 AR K 2 E R RGUK A . TEIE T 01
A 5 S A B ) O3 e U Py B Y07 NIV S o o 01 7 N 2 RS = 7 € i w4 RSP 73 o 0 2 e
HRZK A RHE S R GK A ICGIR EE R, Yan 2570l i X AR AE S RGBSR B, B KRR
FRWOR B HE B KR, X SRR B —3 . R RE L B2l @ e R f) AR S RS I TR ™ A
B FERK BRI AR K A HRARIE R, Yang 250" 32 I 40 A XK OB RY S SRYAT L 3 /K i
HIFFE 2 2001—2012 4, i F /K AR S SR TR 80% iy, HErh i i 20% A A7 , MU RAR T /N, AR
T 2—3% , BRA TR FE A 1 U S M X A S IR /)N 37 S0 S 56 e B e 1 FE S O L X s A
B IX T e S AR /R R X AR U BT RAR 2D, KRR SR D BE R T /K SCHIBE 5 0 - SR MUY T 11 = JE R )/
JE AT 3 22 (/K BRI 3R T AE , AR TR BTk X S A A SRR Y

FER FE A RS R, HIOK A AR ZUAR AL B R AR A 0—40em Ab | SR IURE ) 1 K 1 v ) (100
S5 —5,0—40cm HIENIK JEZRBORIHAEN EZ AR WA E K KRB RAEEEN, A AR
RGKMCEL R INFAR NG A S R GUK M THFER R E R, i HE A 07> RN @ E RS RS
Mo R KRR TR , FLh A R R E , B ARSI AT 20 ] BT ViE , A7 R A A R e 3 D HE P
Sy I, R FE R A S R G T B K A T BESE A IR

5 #ig

ARTCAE PSS 0] J] L 3 oy 9 e i) A 25 R L A8 BIUR AL 00 EA TR 20 S DL A 25 R G K o - 7 7 D i
B ARG BRI Y e FE R A AR R ST 2014 AEAI 2015 AEIKACARBL AR BN LA E58 . (1) 2K BAE P2 I
SRS RGUKI FEEBHARIE A, R E B 2R (T/7ET) 232 M i BUS (LA 184 (2) 0—
40cm IR A R A R T E A B B BB R T8 3 (3) 7RI AR (2014 4F ) w FE R M) AR A5 R ST K 7%
WS HEAPA , LA R FA I TR IE B ARy (2015 4F ) AR S R GE R BUK 7 5 ik, 5 K 73 20k A AR 5
HR RN o EVHRTIT SERd nT AR ) 220 1 A 25 R ST K SO R (EARAEAE — R BB E N, A 2R
FIRT SIS 2 RTALI AF FR A5 | DRI, 7 AR R A BIF 5 o IS M o A 285 2R S8 ) I B LN , Sy et SRS R TR ULF 52
PR AL SRS B 3 IE R

£ 3L HR ( References)

[ 1] SKRIEZR, WRaLIA, skdte, Bk, B TARREK AR R Zo oK R AR R ZR 28 By o SR B K 4 R AR, R AR 554 4, 2015, 39(7) :
649-660.

[ 2] Trenberth K E, Smith L, Qian T T, Dai A G, Fasullo J. Estimates of the global water budget and its annual cycle using observational and model
data. Journal of Hydrometeorology, 2007, 8(4) : 758-769.

[3] Mokk, BI6A, S T SEBS BBAY MM HIBGE L. MRSl BARBIERT, 2008, 44(5) : 1-6.

[4] HuZM, YuGR, Zhou Y L, Sun XM, Li Y N, Shi P L, Wang Y F, Song X, Zheng Z M, Zhang L, Li S G. Partitioning of evapotranspiration
and its controls in four grassland ecosystems: application of a two—source model. Agricultural and Forest Meteorology, 2009, 149(9) ; 1410-1420.

[ 5] Poyatos R, Llorens P, Gallart F. Transpiration of montane Pinus sylvestris L. and Quercus pubescens Willd. Forest stands measured with sap flow
sensors in NE Spain. Hydrology and Earth System Sciences, 2005, 2(3) . 1627-8.

[ 6] Zuiiiga M, Ortega-Farias S, Poblete-Echeverria C. Use of sap flow sensors to determine transpiration of a young drip-irrigated olive orchard ('
Arbequina’) under semi-arid conditions. Acta Horticulturae, 2014, (1057) . 405-410.

[7] SunS]J, Meng P, Zhang J S, Wan X C, Zheng N, He C X. Partitioning oak woodland evapotranspiration in the rocky mountainous area of North

China was disturbed by foreign vapor, as estimated based on non-steady-state 30 isotopic composition. Agricultural and Forest Meteorology, 2014,

http ; //www.ecologica.cn



20 41 BORESE A PR IR 2 ) A 2 R G K S T ZE BURAR S 11

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]
[16]
[17]

[18]

[19]
[20]
[21]

[22
[23
[24
[25

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

184 36-47.

Berkelhammer M, Noone D C, Wong T E, Burns, S P, Knowles J F, Kaushik A, Blanken P D, Williams M W. Convergent approaches to

determine an ecosystem’s transpiration fraction. Global Biogeochemical Cycles, 2016, 30(6) : 933-951.

Wen X F, Yang B, Sun X M, Lee X. Evapotranspiration partitioning through in-situ oxygen isotope measurements in an oasis cropland. Agricultural

and Forest Meteorology, 2016, 230-231; 89-96.

Zhang S C, Wen X F, Wang J L, Yu G R, Sun X M. The use of stable isotopes to partition evapotranspiration fluxes into evaporation and

transpiration. Acta Ecologica Sinica, 2010, 30(4) : 201-209.

Abera W, Formetta G, Borga M, Rigon R. Estimating the water budget components and their variability in a pre-alpine basin with JGrass-NewAGE.

Advances in Water Resources, 2017, 104 37-54.

Maxwell R M, Condon L E. Connections between groundwater flow and transpiration partitioning. Science, 2016, 353(6297) . 377-380.

Singh S, Boote K J, Angadi S V, Grover K K. Estimating water balance, evapotranspiration and water use efficiency of spring safflower using the

CROPGRO model. Agricultural Water Management, 2017, 185 137-144.

TM, T, TR, TEME, XV, S48, k2 de. A83% i DA Y + 300K s g . K B PR ERRES: ) 2016, 14(3) .

101-108.

SRR, Xk, BEEL, EH, I, RU. AR LR A FE R ) K o s AR SRR ST, oKL, 2014, 36(1) : 88-94.

FENLF. B 5 DR T 3K SR AR R A3 4 R K R SE [ D). dbst . hEREBER S, 2013,

MRk, P, s, X2, HERIN, KM, i'JEAj(- o5 FE DX LR R K SCHRE /N I I O 7T . s ERFL# R, 2014, 29

(4) . 507-514.

Wang G X, Liu G S, Li CJ. Effects of changes in alpine grassland vegetation cover on hillslope hydrological processes in a permafrost watershed.

Journal of Hydrology, 2012, 444-445. 22-33.

T, gkttt vKER KGR e R RUEE I K SC8ON . BHF3E TR, 2015, 60(7) @ 593-602.

FiFH, DUE. BT EEH Penman-Monteith %) P i T SN [R] A2 25 REEAEHURAGSY. A3, 2014, 34(19) : 5617-5626.

Zhu G F, Zhang K, Li X, Liu SM, DingZ Y, Ma J Z, Huang C L, Han T, He J H. Evaluating the complementary relationship for estimating

evapotranspiration using the multi-site data across north China. Agricultural and Forest Meteorology, 2016, 230-231. 33-44.

TR, KR, T, B {ﬂJLaﬁ?ﬁFm’Jfﬁﬂ%lﬂlﬂj‘ﬁﬁai&%ﬁkkﬂﬁ HAs k. B A5 %4], 2016, 27(11) ; 3495-3504.

B, K28, £, WA, B, XUEA. 3R5E L XORTR 2 B g R LK M8 SARIE. R L RFFIFSE, 2017, 24(2) : 17-25.

PRI, BR(Th, RMERE, xR, #iEE, XI5 {TLWIJJEF'P@,AQ%(%ZM{W SAGEE. RTAZSHAR, 2013, 24(4) : 1055-1062.

Jia Y, Ding X, Qin C, Wang H. Distributed modeling of landsurface water and energy budgets in the inland Heihe river basin of China. Hydrology

and Earth System Sciences, 2009, 13(10) : 1849-1866.

Qin J, Ding Y J, WuJ K, Gao MK, Yi S H, Zhao C C, Ye B S, Li M, Wang S X. Understanding the impact of mountain landscapes on water

balance in the upper Heihe River watershed in northwestern China. Journal of Arid Land, 2013, 5(3) : 366-383.

Gao B, Qin Y, Wang Y H, Yang D W, Zheng Y R. Modeling Ecohydrological Processes and Spatial Patterns in the Upper Heihe Basin in China.

Forests, 2015, 7(1) :10.

%%[Eﬁ R, A, HET, BN, RAL, L, BB, L8, BFEW, B, Was, BN, B, BUNE, K
L RSTTHE, MBI, ABRAIR . R AE 25— K S R TS E . HhIRBL AR 2014, 29(4) : 431-437.

Li X, Cheng GD, Liu SM, Xiao Q, Ma MG, Jin R, Che T, Liu QH, Wang WZ, Qi Y, Wen JG, Li HY, Zhu GF, Guo JW, Ran YH, Wang SG,

Zhu ZL, Zhou J, Hu XL, Xu ZW. Heihe Watershed Allied Telemetry Experimental Research ( HIWATER) : Scientific objectives and experimental

design. Bulletin of the American Meteorological Society, 2013, 94(8) . 1145-1160.

Reichstein M, Falge E, Baldocchi D, Papale D, Aubinet M, Berbigier P, Bernhofer C, Buchmann N, Gilmanov T, Granier A, Griinwald T,

Havrankova K, Ilvesniemi H, Janous D, Knohl A, Laurila T, Lohila A, Loustau D, Matteucci G, Meyers T, Miglietta F, Ourcival J M,

Pumpanen J, Rambal S, Rotenberg E, Sanz M, Tenhunen I, Seufert G, Vaccari F, Vesala T, Yakir D, Valentini R. On the separation of net

ecosystem exchange into assimilation and ecosystem respiration ; review and improved algorithm. Global Change Biology, 2005, 11(9) : 1424-1439.

XuZ W, LiuSM, Li X, ShiS]J, Wang J M, Zhu Z L, Xu T R, Wang W Z, Ma M G. Intercomparison of surface energy flux measurement

systems used during the HHIWATER-MUSOEXE. Journal of Geophysical Research, 2013, 118(23) . 13140-13157.

LiuSM, XuZ W, Wang W Z, Jia Z Z, Zhu M ], Bai J, Wang J M. A comparison of eddy-covariance and large aperture scintillometer

measurements with respect to the energy balance closure problem. Hydrology and Earth System Sciences, 2011, 15(4) : 1291-1306.

Yin G F, LiJ, Liu Q H, Zhong B, Li A N. Improving LAI spatio-temporal continuity using a combination of MODIS and MERSI data. Remote

Sensing Letters, 2016, 7(8) : 771-780.

Yin GF, LiJ, LiuQ H, Fan W L, Xu B D, Zeng Y L, Zhao J. Regional leaf area index retrieval based on remote sensing: the role of radiative

http ; //www.ecologica.cn



12

S % 38 &

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

transfer model selection. Remote Sensing, 2015, 7(4) : 4604-4625.

Li X, Liu S M, Xiao Q, Ma M G, Jin R, Che T, Wang W Z, Hu X L, Xu Z W, Wen J G, Wang L X. A multiscale dataset for understanding
complex eco-hydrological processes in a heterogeneous oasis system. Scientific Data, 2017, 4 170083.

Tk, JRKEL, FEAe S PRI K SO R A HURBL IR, 2013, 28(2) 1 187-196.

RFE, PREAE. BB M S RGOK R FAGHETE. LRSS, 1996, 16(3) : 238-245.

Yamanaka T, Kaihotsu I, Oyunbaatar D, Ganbold T. Summertime soil hydrological cycle and surface energy balance on the Mongolian steppe.
Journal of Arid Environments, 2007, 69(1) . 65-79.

Wang P, Yamanaka T. Application of a two-source model for partitioning evapotranspiration and assessing its controls in temperate grasslands in
central Japan. Ecohydrology, 2014, 7(2) : 345-353.

FEH, B, BN, RE, Fi. WAL AR K RO BUE AT T
(3): 348-358.

VL 52t AME R JE R ). A A 4R AR, 2017, 41

Wang P, Li X Y, Huang Y M, Liu SM, XuZ W, Wu X C, Ma Y J. Numerical modeling the isotopic composition of evapotranspiration in an arid
artificial oasis cropland ecosystem with high-frequency water vapor isotope measurement. Agricultural and Forest Meteorology, 2016, 230-231:
79-88.

Qiu G Y, Yano T, Momii K. An improved methodology to measure evaporation from bare soil based on comparison of surface temperature with a dry
soil surface. Journal of Hydrology, 1998, 210(1/4) : 93-105.

Beven K. A sensitivity analysis of the Penman-Monteith actual evapotranspiration estimates. Journal of Hydrology, 1979, 44(3/4) . 169-190.
Wei Z W, Yoshimura K, Wang L X, Miralles D G, Jasechko S, Lee X. Revisiting the contribution of transpiration to global terrestrial
evapotranspiration. Geophysical Research Letters, 2017, 44(6) . 2792-2801.

SRR, RILRHE R R A K PR IRAT SR [ D] JEat: shEREBER Y, 2015.

Zhou S, Yu B F, Zhang Y, Huang Y F, Wang G Q. Partitioning evapotranspiration based on the concept of underlying water use efficiency. Water
Resources Research, 2016, 52(2): 1160-1175.

Huang X, Hao Y, Wang Y, Wang Y, Cui X, Mo X, Zhou X. Partitioning of evapotranspiration and its relation to carbon dioxide fluxes in Inner
Mongolia steppe. Journal of Arid Environments, 2010, 74(12) ; 1616-1623.

Zhao W Z, Liu B, Chang X X, Yang Q Y, Yang Y T, Liu Z L, Cleverly J, Eamus D. Evapotranspiration partitioning, stomatal conductance, and
components of the water balance: a special case of a desert ecosystem in China. Journal of Hydrology, 2016, 538 374-386.

Zuo Y, Wang Q F, Zheng H, Shi P L, Li Y N, Wang Y F. Seasonal variations of the water budget in typical grassland ecosystems in China. Acta
Ecologica Sinica, 2016, 36(4) : 301-310.

Yan C H, Zhao W L, Wang Y, Yang Q G, Zhang Q T, Qiu G Y. Effects of forest evapotranspiration on soil water budget and energy flux
partitioning in a subalpine valley of China. Agricultural and Forest Meteorology, 2017, 246 207-217.

Yang D W, Gao B, Jiao Y, Lei H M, Zhang Y L, Yang H B, Cong Z T. A distributed scheme developed for eco-hydrological modeling in the
upper Heihe River. Science China Earth Sciences, 2015, 58(1) : 36-45.

ETW, BRI, WEE, B vKRREDK SGE R B E W2 A R AT, KA, 2015, 46(9) : 1064-1071.

HME, 20, R, EiE s, 50, T e TR R e P K R IRIESE. K R R, 2016, 30(2) : 230-236.

SRHAMR, RN, R4k, TR R KR K SO R A S NI T —— DA L3 A S 1. vk VR, 2016, 38(5) : 1362-1372.
TR SRR B R A A B A R AR S B FE [ DL 22 22, 2013,

http ; //www.ecologica.cn



