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Abstract Aims Using field data from an eddy-covariance (EC) flux tower and sap-flow sensors in-
stalled in a poplar (Populus euramericana) plantation, we investigated the magnitudes and changes of
evapotranspiration (E7) under different soil moisture and climatic conditions. Our objectives were to
quantify the energy partitioning and energy balance, explore the dynamic process and regulatory
mechanisms on ET7, and understand primary biophysical regulations, especially soil moisture.

Methods An open path EC system, sap-flow sensors, soil water balance monitoring system, and mi-
croclimatic station were installed to record various components of energy fluxes and water budget at an
11-year-old poplar plantation in Daxing District, Beijing, China. We used data collected at 30-min in-
tervals in the growing season of 2006 in this study.

Important findings The overall energy closure of the study site was high (86%) during the growing
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season, but with notable dependence on soil water conditions. The ratio between sensible heat and net
radiation (Hs:Rn) was much higher during dry conditions than that during moist conditions. With dry

soils, net radiation and soil physical properties played important roles in transpiration, which was less

than evaporation prior to rain events. In contrast, transpiration exceeded evaporation when the soil water

content in the deep layers was more abundant following rain events. The total E7 rates quantified by the

soil water balance and sap-flow methods were comparable and lower than that determined by the EC

method. The ratio between transpiration and ET appeared to be more dependent on net radiation and
vapor pressure deficit (VPD) during wet periods than that during dry periods.
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W EE AT, 2 T AN R I A R
() 28 RS A0 4y (Un R A 25 1 L3 28 R N e J 2
BB VG 5 R AR IR b BIE 9T B o gk (R A
2003; Ferretti et al., 2003; Massman & Lee, 2002;
TALSE AR &5, 1998; 7K TREE, 2001), A4
RN 7 LA LK 4 F i1 ¥ (Wilson et al.,
2001) « B4 T ¥ UL v (X1 Z= %2 Al Edwards, 1997;
Hatton et al., 1990; Lundblad & Lindroth, 2002).
¥ %) A L 71 ¥ (Downton et al., 1988; Baker,
1991). [F47 2% BRI (Williams er al., 2004). % 3
P (R KR 5E, 2005) 9 B2 AH G (Williams et
al., 2004; Law et al., 2002). Vs /K & F 7 ik
(Eagleson, 1978; Milly, 1994)LL % 1% Jg i () #fE 4
4, 2005)5%, XL VEE AR SRR L v
ANTA] <0 I PR B T S MBS A AN, AT
ReAT JLRF IR A, 0 n] BEAZEAE R BRI o 00 B35 AH
TR H AT A AT U AT RAERE
TS0 s b KO B vk, BT E W AN 2
% 2 40 i COL il & [ FU 438 (R 5 55, 2003;
Ferretti et al., 2003; Law et al., 2002), 1Mi¥ 1% A5
F 17K 43 3 1) 5 A B A 2> B R
452004; RFILEE 2005), k2 B FE I
RG] [A I e R B PR e A gy, X R
T KV B2 A R R I L A g
ST 454 43 11 5% &R (Olivier et al., 2006). {5 1%
DN 28 400 S 2 T it U A e P 3 AR08y ) 2 D B
R, P BASZ i U A 4 7K1 1R 5 99 5% ) AR
K o R i I A H A0 59, B o 45 32 B sg ), Ad
7300 5 R g0 P 43 2 10 BE T A KPR
(Lee et al., 1996; Falge et al., 2001a, 2001b); FAf
JSCERL, WY ZE AT PR R R Y Sk, B S 2 2
{5 V& 70 B 2 b DA R g e 45 SR LA A Al
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A P IR B ) 75 8 I R GG MR TR . ) i
T R G RN B, BRAH B A S5
P LAAEAR 22 Ll X B bR 43 G4 SR (R S b 4 AF R
M52 2T PR

B2 N T AR AE S RGEA
MR ZR 055, 1993; Rl R 2, 1998; &
FEE, 2001) AR 73 2R (B 22 #2455, 1999; MG
&, 2000) LA S AN [H]) S A5 [X 45 (Thomas et al., 2003;
Lagergren & Lindroth, 2004)4% 4~ B A 2% )i (1 f
G, B A A A I R R ZE I AR AR
(075320 SR FHAZ 7 14 5 30 B A D25 [i] g 00 2 s
AR, ABFTURE S AR RGN [FK A N A
7 AR A S B B B I B g e ALy
AR L B A ) R A T RO RIS R .
PRI T RUEES R B AR 43 7K 1) 3 22 40 B S fit o
JRid e H A% 7R N Y B 5T E A (Wilson
et al., 2001; Hatton et al., 1990). [m]HF, MBS+
IR REE AT 2 A S RGERE BN ElE
AP 55 30 FE A 53k “ footprint” A5 A0 X 7% K L
(10 5K B I AP 15— Bl 2 — AN S ST 1)
B(Williams et al., 2004). VFAL 78 & #4551
AN TR J7 5 & AR SR 1Y = 18] A 1a) RBE Wilson 4%
(2001) LA VR4 4 .

3 75 TR R T AR PR AR L T 2 2% R U
PR AN 4y . MO VR I OR 1K
PRI AR GRS T T I g AR SRR
E 553908 BEAH DGR MIE 1 P& o6 &R, A T 20 A B
FhIPEAE N Y rp R R YE . HarvR A gk
B W T EA 7B 0E . Kl s, 28k
PR VL BL R KT W B2 AR 9% 35 45 (Olivier et al.,
2006). (HAEFN LA LR BRYE, SR 6k 2 3
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BRI AR il 4 S s B AR L POIR T %
S, HARMRR i BEAH OV e il T axX AN ), H 2
WA BR T 3R R w A, BEE T e B W
E NNV VAN R T NS P @ R CIME S T A
MW (Populus euramericana) N TIKEZS RGN
G, RHWMBEADGE . WTmk. LKy
257 25 M 0 0 A 398 2% e R VR AR 4 B 1 2R A B R AR
2, e TAESRE R HRRZENE &L
Ktz kA, HHAET: DY AES RS
ST ) PR KA BEAT R I, PEA i B AH DY
5 R REE; 200 Lo b 5 PR AN [F K 43 241
BB R 7RI E A EA R 2 R R
ZEst, TR S R G AR EUK ) E S
F-5 3) i B AH I BT MU AR 43 25 0 5 43l 55 T 0
T A R R AR L A B 28 R A sk A
A4S B AR 73 2 BOEAT VP AL 22 57 10 20 B B E o

1 MARAZE

1.1 W5 XA

T2 500 b A7 I T T RIS R 2 XA AR K Y AR
%(39°31'50" N, 116°15'07" E, k30 m), JBHE
AT AR AR X, AR 115 °C, il
BARAW-27.4 °C, W s A il 40.6 C, 7
BITCRE 1209 d; 473 H USRI 2 772 h, 1§46
B H B RN 6.7 MIm?2, P X% 2.60 ms,
T A A 2 2 AT P 569 mm, 20 alN B
A AE [ R N 262 mm, f 2 AE SR 1 058
mm, L 7~9 H B K & A KR E T
60%~70% o 1% DX A& ] 7K 8 7K s T b AR - o BT
J&, LAY EE L, WE M LE, RIRE KAE D E,
RHE1.43~1.47 gem” o HUFKA22003~20064F
BI416.67 m, SLIHE KA P I9464F FFET m.

R MOA LR BT BRIE 1077 MR N T 4lidk,
75% A 2002 4F P, o4 241998 2001 A
20034FEFhAY, ARMEHEEQ m x 2 m). AR R
0.8 km?®, WAL BIAEN12 cm, FHHE 412
mo. MR AE YRR, A AR O K g #E
ARESEE SN Y SN i
(Medicago sativa), T 7 ¥ KM (Melilotus offici-
nalis), ¥ & 3¢ (Salsola collina) F %< ZE (Tribulus

terrestris)% .

1.2 PR OGTE  TTRRE AN K o Pk

(Chenopodium  glaucum),

(100 s Ji B
1.2.1 WA OCHE

03 PS5 AH DG 8 ST A7) JOT (1 9 5 L o T O
b7 25 o TEA RVE A o HE 2 KR
FEL 40D ARV S AR AS e 308 2 1¥0 30 AR U745 (Law et
al., 2002; Wilson et al., 2002 ). iZIR I X T #fF
IR, FF i FEAH R 5K . 32 FH i A
KA (EC) TT I 2 40 .42 0 o % A0 = A ok A0d
i, Ik A S B R R S K YRR B
B (B 5 2 B A5, i Y E 0 vk BT R OR

A

LE = pC,wq' (1)

Hs:pCpW (2)

KXrh, LE hf#udi i, HARRGEE, phT
PR, C N ARE I, ¢ T2 0l At
T AN ) Bk B 2, w ok 3 T RGH () ik Bl 3 .

AT ST 3 — R H 0.5 hv) R R Y
BT O A BB A BRAL A

D)EAT BRI M 58— o

2) ZBRWEARAR &, BRI J7 1m) L G i
JEE R KPR B b i) B R (R A R A
XD I R A GE Dy 2B 25 1 PR R LE R IR A
YO [ A e R, R B S B AR AN

NG A, B T R E L i
i 22« GEvt o L s AN R AR DL S AR 22 T 1Y
W7 25 o AEBEAT IX LS T ST AN H s kA7,
W AT 0 fs He>F- 4] (Block averaging).

A)RJ T 4 Bah TR R 34N T 1) R XU e}
AT A KR e e (Webb et al., 1980); F5 3% it (1 g 4% 72
Jp s LA T2 P~ 25 XS e 2 SCAREAS L0 39 P9 ) L A
R EEA, BRI E AR XARRR &R, AR50 BT A W
F 30 R AT AR AR R e, AR XU TP AT T M
IZJIR

5) 73 AIMCHS A B AR A 2 0 s 3 R
WRZE, ARTN Bl E A R AR R 2 o X AR A R
A DL e i X Ok A R R b, 8RR 1E )
BE A A bR AR 38 AR, B KR T UK AR R Bl bE B
(Double coordinate rotation, DR) (Massman & Lee,
2002) Fl1 = % A& by il JiE % (Triple coordinate rota-
tion, TR). 38 % AL bR x5 7 38 7K1 7 1] °F
AT, DTS - 25 0] DRk J32 0~ 13 3 R i ok 22,
R R AR A Al fig e, O HLAE AR Y. P 240 XU g
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MR F, B = AL bR e

76X 1% W € & 4t GE = ] 5 (Energy balance
closure) % UE [ JE filh 13z F BL R 28 2000 ik 9% #hm
H(LE)VHE MR 28 KBS

_ O04LE 3)
(597 -0.564T)

Krf, W HGE B (LE) I AL N (Wem ), (597-
0.564T) K K VAL Hu(cal-g "), 0.43 4 B4 &
B, T A AR, R RE(EDT
T AP 50,5 hiIREAR NS 2, f s A A
(mm-d™").

1.2.2 Wi

P75 (Sap flow method) A H #4310t
BRI AN A ) SR 2 R
R B 22 de R KAl SV WA IE % . Grainer
(1987 T — M B RN S K, K=(dtm-dr)/dt,
o de e To W i IR E 5 2 LR EF IR R 22,
dtm 2B B IR EN 1 e K ZE{H - Grainer?5 i T
S Vs (emes ) B2 5 4y 2 Vs=0.011
9K' B UM I EFs (em®h ) i] HFs=Asx Vs %3
600K 73, HorpAs Ky i # A .

PR A B AR 7K ST BIRK 43 7K P (1) 225 ) RO
AL T VI T L B A AR RURR 2 R DL, % S F 1%
TR0 AR50 e 25 e/ IN IR Al AR, 42 R A T AR L
AARLF HIAR DG, 0% FH A% A b 40 R4 sk pk
Iy KV ZE NG = o AT AR AT B T BRI A% 1
KATFEN: ¥DBH>6.5 cmlf: y=11.77x-54.41,
R=0.98; *4DBH<6.5 cmltf: y=6.44x—18.67, R*=
0.998; (v HILM AR, em®; x4 42, cm). #5753
FUFEH T FEAR M. v N UROR
M KT PR 25 1 5 (T, mrn-dfl):

T=XF;/A/1000 4)

Fi= 2Js;*xSyx24 (Hatton & Vertessy, 1990) (5)

X T AT 1% 1 B (mme-d ™), Fio
TR B S5 2 BT AT R A 1 2 T i (em®d ), A
P 1R TR ()5 Jsi b IR & H ST 38455/ I 00
B (em>em >hY); S AR B A T A
FER (03244 2 Rl (em?).

1.2.3 K Pk

X T AR X, K N T Bk 2 B
EAEARIB B — 2 MR, BT ZR5%N8T
WP, Ko n] LA N Tk, Tk Jf
ATE R ARG, BT LRI 2 1 38K 4 55 2 2

K R HE A PR I 5512 2R 0 25 O 1R A, (R K 43 i
e 2 TH R T PR3 R AT VA M BT AE, PR
G 1) DN 358 22 S 1% VA I T R R SR R, A
Furh, AR AR R 2 1 o A R B 2 B S
SR E A2 miRJE AL, B2 mEL R Ak 5y
AT R BN A, PR S bR E A kA 5
M FEREAT BE 7 PR

A G LK A P E T A BUR B A
A AR A

ET=(P+1,)-AS (6)

A, PATHEI B I B R & (mm); LA T
OIS BN () HEBE R (mm); AS S BER I L
P K 1) A2 AL 5L (mm) o

TH 200645 A5 K 70 I I 45 1 B P 117 B4 N 4
VR R R A L R it K AR A R A A 8 S SR A%
B & i i .
1.3 KTk

AR I ) FH I B AR S M &R g, A8 R 5 o
HD S — S 18 mR LI o U L 4
HHR ST A(Q7 1, REBS, Seattle, WA, USA). [ 51
F£ 1+ (L1200X-L, Li-Cor, Lincoln, NE, USA), X
DAL EL 15 m; HyORCOLLL A AR 43 HiT A%
(Li-7500, Li-Cor, Lincoln, NE, USA)%Z/ 3 513
m; =48 7 KGE AL (CSAT3, CS, USAHIS LT
(CS105, CS, USA)Z&em 13 m, #=FAH
B w11 (TE525-L, Texas Electronics, USA)% %%
LT my AR B AR A (HMP45C, Vais-
ala, Helsinki, Finland)fF2. 6. 10f114 m& & 4b %
ZH B, LR LS (TCAVIO0T, CS, USA)
N - 3 HGl AR (HF T3, Campbell Scientific Inc.,
Logan, UT, USA)¥ & T HiZK LL F5. 10, 20 cm4t;
13K MIMAL(CS616, CS, USAYRL T HEE LT
157120 emkb . R H %45 K 4 4% (CR5000, CS,
USA)LL10 Hz Bl 2 1 S 000 £ 4, S5 i Hiod >R 4
(1) [ I B 3 oh S i A JFE30 minP 341,
AU B TR A7 BICFR e I Nk, BT R34
P AL F5 92 B R10.5 W H B B, H OIS
ZEARAARAE0.5 PR B A o N i ik
T M2004410 H IT 4

B PR ARR T AR R MR B AN [F) 428 4 1 A HE R A Ay
P V803 B IR, R R ) A B FE 80 21 180
mm, B EELEEATEI16 me K H] 26 E Dynamax 24
w) A2 77 B TDP T 5O i 4% £ (Thermal  dissipa-
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tion sap velocity probe), FtH AN ERER B 5 )
5l 24 TDP-30 #1 TDP-50, H: 7" TDP-30 4% £ K 30
mm, B4k H A A 1.2 mm, TDP-508 41 K 50
mm, FEFE AN 1.65 mm. X T 45 180 mmit)
DR AE B B 10 TE R 1T 1.3 mosh Ak 23 51 22 R TDP-30
FITDP-504R 4 % —%&, JLA PRS0 S0 5 1Y 7
JEPM1.3 mE kb %% 23 TDP-30 4 — &, XFP
TR I8V F A 68 LU AN [R) 3244 % B S A TR) 77 17 1)
WL AT 22 5 30 min 0 5 R] B BT 75 1) B0 408 A7 il
7ECR10% 4 R4 %% HL(CR 10, CS, Logan, UN), i&
IR 3. %R R S5 M20065E5 J1 TF 4R I % 4,
R R T A T90%.

M. F Micro-lysimeter 28 & # & X FK 5 9 2 1=
e g, BRI A) 5 A%k KT 2 R AR S I 1]
[F 25, & h20: 00FKM . b PNy A) 1328 % &=
76 B TR A E TR TGO, B b A S
TIVEMEREROR, WAy 2 B T 0 1) 1 2

1 W P PR Sk 7 TR DL N 20 em i,
IR P AN, 5 DL Bl k3 3 8230 72 2005
FEE 20064 KN 0~100 cm ¥ B A 1) L35 5
KB (BRI FE20 em2A )2, 48502, BERE10 DU
W), h T RE— DR K o I B2 8 A& AR A,
20064FE 141 7 A II50F1100 cmiA () TDRIK 73 48
WA, P IBE 1 b, S H SRS K = R 3
AR o WL AT B AE SRR PR HEAR R o Eh i
MRS HT T i B AR HB AR A = 1 3R 23 A7 7 1 LA
N30~80 emiu [, fEARHL TG R KRGS, EST
X IR LR, SRR NBE AR
A KRB Z R, 0~100 emt 2 7K 23 W) 35 A
BE UL B AR+ 38K 2 1 sh & A b i o
1.4 T A 0 A R A AR R

2006 4 1 % 0 W 3R AT 42 1 96% 1) 5 L
P, o LR R S S AT B A, R
i X H F ) 8 A8 {6 ¥k (MDV)  (Lagergren &
Lindroth, 2004)if i AH4E 10 d P AH 7] i B 100
PSR AN, 3 HOE B A 2920% 4 R 5
B, AHEIE AN EAR AN 420 dp b HGE &
BV SR e 1 [9DJH Jy FE A A, (R UH R ELAE0.8~0.9
Z 00 o 43R AR A B G 2K R O I ) 3 A AR A o
s 00 303 B AH SR T A3 s (30 mind{E)BEAT )™ A%
{100 0T F 4 R A R R AN o SR DU JUAN AR R
AT ¥ FR R I G B s R ] )RR
Feo g, dEw e MaEE AR RORE T s

(% 3E 647 T %I ER (Hollinger et al., 2004); 2)H 4
BN TE LA B BN I ] s B, B Y S Br
0 5% H A IR B Y 1% ] 3 B0 B 1 95% B (4E 30
min (1) 10 Hz Ji 46 ¥ 5 204 o, B i sx 2 1
18 000 £ 4k B 2 /DT A7 17 0004~ £k 15 21 1 %)
J7 R Bl R ] A 3) T T AR A DK, #430 min
M B 2 620 S min. 10 Hz 1) %5 i 18] 18] B% 20 s &
F1), 24 AR M L AR /N T 30% I DA Ay i 9 30
WAL T RS A 4 F, B2 e 4 A TR 1 0 I 3
(Foken & Wichura, 1996; Mahrt, 1998); 4)7F Wil
WA RN %) T, 4B Rk <0.25 mes ' (hf
TR0 B EAT Z55 40 A ) 0 E el S, R
o LSS, B 48 RES T LI E A, DLORAIE I
JEEAH O BRI 5 2 A T 5 Ot 4% 18 OB &5

R A AP BT R,
AR Fe R I AT S ) BB R A 35% 11 E s
R TEE SR LS, B . R T I L Gk
TE I AR, MR B 0 N HEAT T 2 2R A 3
(MR V&, 2007).

2 HFRD

2.1 R PEAHOCRE P AT I G o BT

RGP Be =P A o BT 2 PR ECTE W
BoPs v FE PR & 2 5 vk 2 — (Williams et al.,
2004), LL20064FE K ZF5~10 H iSRG L0
AR 0O R I AGE A R AGE 2
(LE+Hs) 5 il 2 4L B8 & (Rn—-G)HEAT I & (1), BT
5109 H 2R 2 0 0.86, MO REH0.87, %A
£ 7K ST AR KB 43 SCHR AR E &5 2R 1938 [ 1 (Wilson
et al., 2002). %A 5 G 50 UE 25 AUk B 1%k
(100308 58 A D2 W 0 5B o mT S
2.2 KRBT BE 2 C ) 52 MR

P 2 3% W A 5T X 2006 4F B4 R 20 A A AN 1) 2
AR AT B 444 mm, FECYH Z AR CE B B
HAK, 7. 8 H B & AR R 172%, X
7 H B k243 mm, S I R F) ik 4 4
[ 7K, h25.5 C, femniE 37 C, X5
20054E7 H FE/K A 146 mmW 500, H P&
H27 C, Eemin T ik40.1 CHIEL, MZEE K,
M4F16 H LA S A K 2 AR 195 10 H Ak MK 2 i A
AR, THOK SR EER3%L T, 4
%K 23 FH TR 5 7K B (1 30%) 1 10%~15%, M AR #
AP FR BAEAS R G RE B2 R EUKE # R
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20 r R 2053 19 43 0 b A9 3 385 AN [ o 5 ) ARl 1 458

7=0.86x +0. 27
R*=0.87 N=271

B B
LE+H MJ-m2-d-)

15 20

L WHES L EEE R
Rn-G (MI-m2-d)

BT 20065 1~12 H 2 it 5 il e 6 2ol 5 H se il &
(RN
Fig. 1 Daily energy balance closure using the quality con-
trolled data from January to December in 2006 for the
Daxing site
LE: Latent heat H: Sensible heat Rn: Net radiation
G: Soil heat flux

S@|r (O

. G P —O— KR T

91 111 131 151171 191 211 231 251 271 291

R Day (d)

B2 200644 K2 A H B 9 B AT H P2l
Fig. 2 Daily precipitation and daily mean air temperature
during the growing season of 2006
T: Temperature P: Precipitation

FEAE T (K Gy MRS o X PR AR DY 35
Ko & BBAR S RN TS LK & B
AP0y W ) SRR AR AL T 0 A iz A S R 4
FEIK G N 22 7 R IS T B K 1 7 45 T A2
PRI RE B 4L 0 B oy BB A 2 S ORR AR 12 (X )
TR RN LR SR E AR A AR R, s
7K HE 2 20% ) T 55 7K 5 BUT 1B BOE S3Ch %
ERRGNTE, 20%LL F AR,

ZA S RGP A K 0 N ZE S ORI

K F&MR 2, AF¥EEKS & EAF3%, 2
7% AR 23 FH TR R 7K 5 (30%) 11 10%, 111 I 25 16 )
1. 44%, Wk 1) fR b 58 K 43 7 R A T R
(0 IE 5 Ao AT LUK b B BEAE D A2 K 2 v (1) B 7Y
TR . EHRMTREHR DT, BRETH
(K 3a), ZH, 4RGN 2= R 8.8
MIm?, BHGERFEA NS5 Mm% 7TH5H
K 782, W E3b s, I IA] 4 5 5 K &
15 58%, A HIEFFKIEMI27% (44F L1 &K &
T APIROL T IR E10%), WAE N ZES RGN
ZAF NI AR . HARE R BRI HAOK P
TR R AR R 29 MIm Y, 7
RHGE N 19 MI-m ™2, B R GEAE LK 78 AL 10
AN, e 2R R ECREA, KA
RN N T =1 O 7 N P B a7 SR R S ¥
TSR AR S, Re i K T 3 SRR
BT L LA STk T B 21 1) AR R I 1 1 B LA
TEZES R G HAEK o e 78 2 1) 464 Rl it
oAb TR B o 5 2 A 11 B A8 A B AR R if T
5, IEFPRONV LT A, 2 SO R R K
KA ZE AN, Sz v i 1, K FE Kb
72, HUCACRI N FA I 0B AR LL LI . AR LRI B O
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