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Abstract: Evapotranspiration ( ET) in the terrestrial ecosystem actually includes canopy transpiration ( E, ), soil

evaporation (E ), and interception evaporation ( £, ). Partitioning of ET is an important basis in order to accurately assess

int
biomass production and estimate water use efficiency in terrestrial ecosystem. Actually, E_is the desired component within
the water cycling, which being used to enhance plant productivity. Up to now, it is still difficult to accurately partition ET
through observation methods in the long period. Instead, partitioning ET with models is effective method in a long period.
However, most of them roughly partition ET into E and E_, ignoring E, . This partition way could lead to deviation in E,
and E_ simulation. In this study, a modified Shuttleworth-Wallace model was used to partition ET into E, , E_and E,, in

forest ecosystem. Monte Carlo, an approach of random parameterization, was performed to optimize the key parameters in

the functions estimating soil surface resistance and canopy stomatal resistance in the model. Based on the modified model,
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we simulated the evapotranspiration and its components in the planted coniferous forest ecosystem at the Qianyanzhou site
combining the eddy covariance measurement data ( including sensible/latent heat flux and CO, flux) with routine
meteorological data(including air temperature/humidity, CO, concentration, wind speed, net radiation, soil temperature/
water content/heat flux and precipitation) in 2011. The results showed that the simulation amount of ET agreed well with
the measurement data at 30 minutes temporal scale not matter on sunny days or rainy days. At the same temporal scale, the
index of agreement, mean error, and root mean square error between simulation value and measurement data in whole year
were 0.73, 0.21 mmol m™~ s', and 1.55 mmol m™ s, respectively. The proportion of ET in annual accumulative
precipitation was more than 80% , which meant that the amount of ET contributing to the water outputs is the most in this
ecosystem. The proportion of canopy transpiration in ET was about 85% , which suggested that water use efficiency in the
forest ecosystem might be quite high in 2011. The seasonal variation of the transpiration was obvious. The environmental
factors, vapor pressure deficit and air temperature, and leaf area index controlled transpiration. Transpiration correlated
positively with the three factors. Soil evaporation was 5% of the ET and changed little with season. Interception evaporation
accounted for 10% of the ET and showed seasonal dynamic. This term correlated positively with precipitation and negatively
with rainfall storm events. This result indicated that the vegetation canopy couldn’t effectively intercept the heavy rainfall.
The modified Shuttleworth-Wallace model is a powerful tool for studying the hydrological processes in terrestrial ecosystem
with the advantages of a few parameters, high temporal resolution, and a good performance in simulating the characteristics

of evapotranspiration and its components.

Key Words: partitioning of evapotranspiration; soil evaporation; canopy transpiration; interception evaporation; Monte

Carlo simulation
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Table 1 The important parameters used in the SW model
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Fig. 1 Time series of T,( air temperature) , VPD ( vapor pressure deficit) , 6 ( soil water content) , P ( precipitation) and LAI (leaf aera

index) at QYZ site in 2011
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Fig. 3 Time series of ET measurements(diamand) and simulations ( line) during typical sunny (a) and rainy (b) days on 30-min scale
in 2011
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- - w e e , in 2011
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84% M IE N

E./ET HE /ET JAEwEZE M 562 8058 28 & F - 33026 L R BLAUL . o
FEHBHUA N 433,

=)
\E 5 e SEPE 4 30
: — A g
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Ep — ki ] 52
- 50 & .5
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H F# Day of year

B4 2011 EFEMEEBBDHFHLE, WNE obs AFI=F, HHBE mod A KL, MK P AR,
Fig. 4 Time series of ET at QYZ site on daily scale in 2011. Obs ( observed values) are inverted triangle, mod ( modelled) line and P

( precipitation) bar

2.3.2 ZEHUAS A H OSSR

2011 AFT-XH Y 3k 23 28 TOLE 3 ) A A AR DLIET 5 S5 2R 3R 0T, L4625 & H e KMEH 0.66 mm, HHBLAESS 227
K(8 H 15 H) ; Hi/MEA-0.02 mm HEZES 307 K(11 H 3 H) , BIEZH BHEERS, 2F8D>HR
FE AE B2 40 mm, 24 B ZEHLN 5.3% , 45878 K Jr o BB EARAR /DN ] R 1 L DR T RO sl o5 R
BRI R L Bk e A R T R R AR . K IIRAE > 8% (2003 4F) 55 12% (2004 4F) FiIE# e 27 457
55 11%—13% (2003—2008 4F) AH LA . B 5E i - 5825 & B o LA O /s 79 Dt DXL AT B2 2011 AR
IK A AR D, 3 K S RAIG, BRI 328 %

TR EE AR L H RN 1.15 mm, WELAESS 194 K (7 H 13 H) ;B EXR 75 mm, 29 5 828500
10% , FFA AR BERE R A 28 R GEN , el )2 A0 BR R K 7 R K 1Y) 10%—50% I RLAE D ARAE A 15 717,
T JE R 28 R SR K B IR A G, DRI 2011 4R /K 2 Ak 2 2 (1 41 5o )23 48 B3 28 & Jor o E Bl sl . o A el
NS AT R KE A W, OB, 5 R B B2 B o R K ) B AR 2 il e 2 R P
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R A AL RSB 274512 2003—2008 445 R 22%—24% A1 HARAR , 30 2% S AT RE R
JEAF R T R A, % MK I 22 , il 45 e 2 8 B8 28 SR i/ N Y

MW ZE I H s RAB N 7.2 mm, BRLESS 207 K(7 H 26 H) , Hi/IME K 0.02 mm, HBLESS 364 K (12
30 H) s 4F B 1A 635 mm, FEEAZ VPD Fl T, PN K28 5200 (6 A9 AH 5C R BRI R 0.84 11 0.56) FIAE )
B AER (5 LA BAISERECN 0.36) 5 m , A8k B3, 76 2 H DA T A)5Z 7,500 B AL 5 i | e
B LT TES AR 6 A MR 2 —w i T R, EEEM MR VPD fR/h B T A% 84K, 6 HIK 7
AW 2 1Y T VPD S sE hn  7—9 H MW 251552 VPD S MaAEAE IR s/, 10 A Z 5%
LA 500 AR 2% W 3 /N

8 0
7 F 4 10
6 | 4 20
— | HiBFENS E.
55T —o— | BiELE {30
= [ N N | 1 B Ein £
@é | kR P ™8
2% 4t d 40 B2
o=l %ﬂ:
% = & &
2
S 3 &
2
1

0 73 146 219 292 365
H ¥ Day of year

5 2011 F£TFHEM R ABMASNSHHE, EPEHEBATSE, TBEARARRBMNIL, BEHBER A EL, KSR,
Fig. 5 Time series of modelled ET components at QYZ site in 2011. E_( canopy transpiration) are solid line, E( soil evaporation) circle+

line, E;,(interception evaporation) dash line and P ( precipitation) bar.

2.3.3 MBS 2R HRE

B 25 1 5 280 L AT DA FHOR S Wt B S A TE R A 285 R GE R [RI 4143 22 [R] A 43 TR) AT ARAIE AR AR
B RGOKAYFIFZLER, 1 Al 2011 45T 0N T MR B 28 15 5 25 BUE B it R 85% , 5 Jasechko
2192 2 il 2 ol L 26 ) R R BRI, T 3 1 80—90% YW 5% L SR — &, 431 6 B 4F N 28 AR Y5 ol 27%—
104% , Fe/IMEHHBLAESS 342 K (12 A 8 H) JRBE S KA 7 /MBIl H VPD (T, Fl LAT #8AR /N fifi 15
AT BB AR L, S B BUAE 307 R (11 A 3 H), BRI Y REATREK B R BE R 4, (A AR B 2K
KRTZEH, HIL BT T PT-Fi 3@ BRI X [A] — 3 55 2003—2008 4F- (A 55 45 S 63%—68% Mt =5 , 1l
FlE 2 A2 AR UL S B PN [ 2 8 i 0 A % Rk R B /D s i ™) 55 LA ZR AR R 4 45 A L, 5 Williams
281530 JTRE T 2R I 5 D B AK VAR [l 25 1Y “ Keeling plot” #5431 T34 69%—100% , Cammalleri 2515 Jt
TR F 2RI 57%—90% F1 Sun 45> I TR [ Z L TS89 91% 13T, bt Wilson 250 B TR 125
TR AT 125 T A 42%—46% , Oishi 257 JE T T 25 5 T A3 9 59%—72% A I Raz-Yaseef %518 3£ T
TR IR 49% 25 Relmm . T, AT 58 TS w8 s S5 25 I LU RO 45 SR AL T A PSRN, &5 2R nT 5

3 #ig
ABIFFER PR 5 ) SW R T- KA N TARAS O LA 7 EA TR, . 24580
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(1) FEFRABEHL ) 28 HICER ASTADUE 5 S ) — SRR R, 7621 /N RUBE | TGI8 2 76 I A 2 B R B e B
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(2)ZAEB RGN ZEBEAT WA 21 A ARRE , of 224 SRR K B 80% , /&R A R Gu/K 4 Hh iy i
FLGTERII

(3) B RGE AN RN KBS 85% ,5 VPD LAI LUK T ¥R IEMEE R, 2% 2%
FCEL AT U B, 25 16 Ry 25 BOR 4 K 80 DT mk st , b b T 60, 2011 45T MR TR 38 R Ge sk 43 R &%
TR o A2 AR BEABIA | 313k b 32 v i S AR (W s i), 328 8 24 5 2R B W 5% , HJCHA i) 25 48
FEHFAE ISR ) T2 BEARRAE 2 — 2] el 2 48K B 28 R B L, 15 5 J2 A BR 28 R 20 7 B 2R 1Y 10% , S5 %K
HRIEHKEKER HRMBIR R AAHEER .

2% 3L HR ( References)

[ 1] Baldocchi D D, Meyers T P. Trace gas exchange above the floor of a deciduous forest: 1. Evaporation and CO, efflux. Journal of Geophysical

Research: Atmospheres (1984-2012), 1991, 96(D4) . 7271-7285.

1 WU, RS RAMRARZE IR E ST SR RS, 1991, 12(1) : 51-55, 43-43.

1 EMREE. BRAOKSCENIFEHE R (455 . i TGP SA4I, 1999, 7(4) : 347-356.

[4] ERHE, BEw, 230, gRakig. ¥R B oK f i e B i1 R ie. oK R4, 2000, (4): 35-37.

1 SEA, B, IR, TR DRI THOKSCIIREMBTTE. MolkF:, 1993, 29(3) : 199-206.

] hitz Z, Lindroth A, Heikinheimo M, Grelle A, Kellner E. Test of a modified Shuttleworth-Wallace estimate of boreal forest evaporation.

Agricultural and Forest Meteorology, 1999, 98-99. 605-619.

[ 7] Oishi A C, Oren R, Stoy P C. Estimating components of forest evapotranspiration: A footprint approach for scaling sap flux measurements.
Agricultural and Forest Meteorology, 2008, 148(11): 1719-1732.

[ 8] RazYaseef N, Yakir D, Schiller G, Cohen S. Dynamics of evapolranspiration partitioning in a semi-arid forest as affected by temporal rainfall
patterns. Agricultural and Forest Meteorology, 2012, 157 77-85.

[ 9] Kool D, Agam N, Lazarovitch N, Heitman J L, Sauer T J, Ben-Gal A. A review of approaches for evapotranspiration partitioning. Agricultural and
Forest Meteorology, 2014, 184, 56-70.

[10] 2y, Ml XM, XIFWE, 225€05. Penman-Monteith 78 18 B K 7R ARMK T S8 10 T S BLRO B . /K LORFFBFSE, 2005, 12(6) :
257-261.

[11]  7Hi#. Penman-Monteith J5 B iHFEMRAZEME S AT EDIFEL D], dLat. Jbatfill K2, 2008.

[12]  Z=9EdE, RREE, BB, B8, RIHY. Priestley-Taylor BRI SHUE IE MAEZEBU A P RO R . Wil R4, 2013, 30(5) :
748-754.

[13]  Z=HEdE, BRREE, S406, TR AP IR N TARGEHUAG ST ST, BEBEHEK =4z, 2013, 32(1) ; 135-138.

[14] Choudhury B J, Monteith J L. A four-layer model for the heat budget of homogeneous land surfaces. Quarterly Journal of the Royal Meteorological
Society, 1988, 114(480) : 373-398.

[15] Dolman A J. A multiple-source land surface energy balance model for use in general circulation models. Agricultural and Forest Meteorology, 1993,
65(1/2) . 21-45.

[16] Dye P J, Jacobs S, Drew D. Verification of 3-PG growth and water-use predictions in twelveEucalyptus plantation stands in Zululand, South Africa.

Forest Ecology and Management, 2004, 193(1/2) ; 197-218.

[17] &S5, T 3-PC HLHME R AR AMR B [ E M 8B RAUFFE [ D], Kb g plollk B R, 2008.

[18] skigf. FET SEBS 55 SCS BIAIN XK I SR it A EMFFE [ D], JLat: P EBEERI AT TR, 2012.

[19] RWT7, fess, FEROE, #7R2R, thd. T Eny Xz o N 5 ——ETWatch. /KBHEHERE, 2008, 19(5) : 671-678.

[20] WuBF, Yan N N, Xiong J, Bastiaanssen W G M, Zhu W W, Stein A. Validation of ETWatch using field measurements at diverse landscapes: A

case study in Hai Basin of China. Journal of Hydrology, 2012, 436-437; 67-80.

[21] Shuttleworth W J, Wallace J S. Evaporation from sparse crops-an energy combination theory. Quarterly Journal of the Royal Meteorological Society,
1985, 111(469) . 839-855.

[22] wifif, Esosk, BE BREER, 40K, k)70, M. FE PP SR 208 e B IR T 5 %), 2004, 24(11)
2516-2523.

(23] OGRS, W2k, Tk, Xy, XBHEL rhapsy o5 rE T 23 TN TARE S RGBS Em. hIERE D 8. ke,

http ; //www.ecologica.cn



8 1

WIE A5 T EOHE SW BRI T I TARZE AL 77 70 SRR 11

[28]

[29]

2006, 36(S1) :103-110.

IRz R B AR AR P 0 S A AR BRI [T ] A2 4T. 2001(09) :967-973.

Piao S L, Fang J Y, Ciais P, Peylin P, Huang Y, Sitch S, Wang T. The carbon balance of terrestrial ecosystems in China. Nature, 2009, 458
(7241) ; 1009-1013.

Mi N, Yu GR, Wen W F, Sun X M, Wang S S, Zhang L M, Song X. Use of ecosystem flux data and a simulation model to examine seasonal
drought effects on a subtropical coniferous forest. Asia-Pacific Journal of Atmospheric Sciences, 2009, 45(2) : 207-220.

BURT, IUbAR, XU, sRER, Tothm, KRR, THER, X1, ZE TR T TAHGE RO AL BT, AARBER4R, 2012,
27(5) : 778-789.

T, WA, M, SKEW, AL, XIAIF, SR, M RN MR R AR 2 R GENT I Y 2R A A R B R R ARFAE.
FERRE (D sERkFL) | 2004, 34(S2) : 84-94.

XNATF, Re, IMNGERL, IR, Mok, T AU TR CO, il ot Z2 35 28 A K FEBREE I 7 Y52 . op [E )24 (D 4. HUBRBL2)
2004, 34(S2): 109-117.

Webb E K, Pearman G I, Leuning R. Correction of flux measurements for density effects due to heat and water vapour transfer. Quarterly Journal of
the Royal Meteorological Society, 1980, 106(447) : 85-100.

Wilczak J M, Oncley S P, Stage S A. Sonic anemometer tilt correction algorithms. Boundary-Layer Meteorology, 2001, 99(1) . 127-150.
EAFM, Toth, MER, FHRSE, sKED, EAE, MU Sl E S MR K CO, B RHARST. TERMA (D . #EREE) | 2006,
36(S1): 119-129.

RS, AT, REIE, KR, BXE, A&, HAR. RSN SCE AN FH LU MEEURHIE. Jeatol K22441t, 2006,
28(6): 1-8.

SREH, TOUE, FhREL, MRk, (EA, REE, XUALSE, SR, EMRTE, K. b ERERARARET M A A AR R G i 2
fe. hERE (D HBERFRE) |, 2006, 36(S1) : 45-59.

Falge E, Baldocchi D, Olson R, Anthoni P, Aubinet M, Bernhofer C, Burba G, Ceulemans R, Clement R, Dolman H, Granier A, Gross P,
Griinwald T, Hollinger D, Jensen N-O, Katul G, Keronen P, Kowalski A, Lai C T, Law B E, Meyers T, Moncrieff J, Moors E, Munger J W,
Pilegaard K, Rannik U, Rebmann C, Suyker A, Tenhunen J, Tu K, Verma S, Vesala T, Wilson K, Wofsy S. Gap filling strategies for defensible
annual sums of net ecosystem exchange. Agricultural and Forest Meteorology, 2001, 107(1) ; 43-69.

Beer A. Bestimmung der Absorption des rothen Lichts in farbigen Fliissigkeiten. Annalen der Physik, 1852, 162(5) . 78-88.

AR, XIBL, B9, Dl WA IR BN, A8, 2006, 26(12) : 4099-4105.

Bt FETE RS RAE B ITL P A A 25 R G U A B S K IR A BTS2 [ D] 7 B« TP R, 2011.

XWAIF, Toth, 255, KEE, Mok, 203 b XN TARAR P4 P S B 98— — DLV 948 28 0 BT 49, Aol BL2 2006, 42(2)
13-20.

Lindroth A, Méslder M, Lagergren F. Heat storage in forest biomass improves energy balance closure. Biogeosciences, 2010, 7(1) : 301-313.
Blanken P D, Black T A, Yang P C, Neumann H H, Nesic Z, Staebler R, Den Hartog G, Novak M D, Lee X. Energy balance and canopy
conductance of a boreal aspen forest: Partitioning overstory and understory components. Journal of Geophysical Research: Atmospheres ( 1984—
2012), 1997, 102(D24) . 28915-28927.

Grelle A, Lundberg A, Lindroth A, Morén A S, Cienciala E. Evaporation components of a boreal forest: variations during the growing season.
Journal of Hydrology, 1997, 197(1/4) . 70-87.

Lin J, Sun S. Moisture and heat flow in soil and theirs effects on bare soil evaporation. Trans. Water Conservancy, 1983, 7. 1-7.

Ball ] T, Woodrow 1 E, Berry J] A. A model predicting stomatal conductance and its contribution to the control of photosynthesis under different
environmental conditions // Progress in Photosynthesis Research. Netherlands: Springer, 1987 221-224.

Wang Y P, Leuning R. A two-leaf model for canopy conductance, photosynthesis and partitioning of available energy 1. Model description and
comparison with a multi-layered model. Agricultural and Forest Meteorology, 1998, 91(1/2) : 89-111.

Ronda R J, De Bruin H A R, Holtslag A A M. Representation of the canopy conductance in modeling the surface energy budget for low vegetation.
Journal of Applied Meteorology, 2001, 40(8) : 1431-1444.

Huang M, JiJJ, LiK R, Liu Y F, Yang F T, Tao B. The ecosystem carbon accumulation after conversion of grasslands to pine plantations in
subtropical red soil of South China. Tellus B, 2007, 59(3) . 439-448.

SRMEWT, SRAER, SRAEAF. CoLM A% =7 i Il i 4 1R S MR R SE F4 A A B i AR i K PG B UM BRIl & JRURU4L, 2008, 27(5)
967-977.

Willmott C J. On the validation of models. Physical Geographer, 1981, 2(2): 184-194.

A, RO, AR M ESRGUESFRIL uat. SEHFE ML, 2005.

http ; //www.ecologica.cn



12 GO O 36 &
[51] Muzylo A, Llorens P, Valente F, Keizer J J, Domingo I, Gash J H C. A review of rainfall interception modelling. Journal of Hydrology, 2009, 370

[52]

[56]

(1/4) . 191-206.

Jasechko S, Sharp Z D, Gibson J J, Birks S J, Yi Y, Fawcett P J. Terrestrial water fluxes dominated by transpiration. Nature, 2013, 496(7445) .
347-350.

Williams D G, Cable W, Hultine K, Hoedjes J] C B, Yepez E A, Simonneaux V, Er-Raki S, Boulet G, De Bruin H A R, Chehbouni A,
Hartogensis O K, Timouk F. Evapotranspiration components determined by stable isotope, sap flow and eddy covariance techniques. Agricultural
and Forest Meteorology, 2004, 125(3/4) . 241-258.

Cammalleri C, Rallo G, Agnese C, Ciraolo G, Minacapilli M, Provenzano G. Combined use of eddy covariance and sap flow techniques for
partition of ET fluxes and water stress assessment in an irrigated olive orchard. Agricultural Water Management, 2013, 120 89-97.

Sun S 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'® O isotopic composition. Agricultural and Forest Meteorology, 2014,
184 36-47.

Wilson K B, Hanson P J, Mulholland P J, Baldocchi D D, Wullschleger S D. A comparison of methods for determining forest evapotranspiration
and its components; sap-flow, soil water budget, eddy covariance and catchment water balance. Agricultural and Forest Meteorology, 2001, 106

(2): 153-168.

http ; //www.ecologica.cn



