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Seasonal variations and environmental control impacts of evapotranspiration in a

hilly plantation in the mountain areas of North China

HUANG Hui', MENG Ping"* , ZHANG Jinsong', GAO Jun', JIA Changrong’
1 Research Institute of Forestry, CAF; Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration, Beijing 100091, China
2 Dagouhe Forest Farm of Jiyuan, Henan 454650, China

Abstract: Evapotranspiration ( ET) is an important component of ecosystem water and energy balances. Improved
understanding of the water and energy fluxes between vegetation and atmosphere is therefore important for prediction of the
impact of climate change on terrestrial ecosystem. Plantation plays an important role in regional water cycle and budgets.
China has the largest plantation area in the world. It is necessary to study the response of plantation ET to environmental
factors in China. In this study, water vapor flux was measured continuously through the eddy covariance technique in a
nearly 30-year old aged mixed plantation ( Xiaolangdi site; 35°01'N, 112°28'E, 410 m) in the hilly zone of the North
China in 2007 and 2008. Meteorological measurements were carried out synchronously. The major tree species are Quercus
variabilis, Robinia pseudoacacia and Platycladus orientalis. The diurnal and seasonal variations of ET and the environmental
impacts on ET were analyzed. The results showed that it was warmer and drier in 2007 and 2008, compared with the long-
term averaged values. ET showed a single peak seasonal variation, which was low in fall and winter and relatively high in
spring and summer. The yearly maximum ET appeared in May in both years, and the diurnal peak values occurred at about
13 pm. The averaged annual ET and precipitation were 546. Imm and 354. lmm, respectively. The daily average ET in
summer ( July—August) and winter ( December—January) were 2. 19mm/d and 0.44mm/d, respectively. Year with more
rainfall (2007 ) was also with relatively high ET. ET of the growing season in 2007 was higher than that in 2008, which led
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to the higher annual ET in 2007. Temperature ( T) was the main environmental factor driving the diurnal and seasonal
dynamics of ET. Water vapor pressure deficit (D) also had significant impacts on the diurnal and seasonal variations of ET.
The relationship between photosynthetic active radiation (Q,) and ET was significant at the daily scale but not at the
monthly scale. There was no significant impact of soil water content (W) on ET. The averaged daily W was among the
range of 0. 16—0. 18 m’/m’ for nearly 1/3 days of the two years, during which the averaged daily ET was 1. Omm/d.
Annual ET was higher than annual precipitation in both years. Annual precipitation accounted for 90. 0% , 62. 9% of
annual ET in 2007 and 2008, respectively. Soil moisture from deep soil layer was likely to contribute the difference between
ET and precipitation. Annual ET of the plantation ecosystem in Xiaolangdi site ( broad-leaved plantation ) was lower than
that of some conifer plantation with similar latitude and that of some tropical or subtropical forests, and was higher than that
of some boreal forests. Two year data were used in this study, which led to the difficulty in discussing the mechanism
driving the interannual variation of ET. Impact of other factors reflecting the vegetation growth, such as leaf area index
(LAI'), will be analyzed in the future. And the response of ET to environmental factors under drought stress will be

discussed.

Key Words: evapotranspiration; plantation; eddy covariance; temperature; water vapor deficit; photosynthetically

active radiation
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1.1 SEE X AN

AHIFZE T 8 b 1 Sk L ML Ry B RTINS R AR A 25 R 8 2 P FE 0 (35°01' N 112°28'E, 410 m; LA &
PR/ ) o o8 ALt 57 110 B 48 B IR T, LA 3 Tl i, SR 0% RAT L, Js I Tl iy W P v e XU, AR K R
(4—9 H ) BEAT XU M A XL, AR SRR 12, 4—14.3°C 4R34 H BBIECN 2367. 7 h, ZAE-H) K 7
9 641.7 mm, ZZERAERIFE, FEKZT BT ,6—9 H 0K N 438.0 mm, (5 241 68.3%
W58 X =R %ﬂﬁﬁﬁ‘:( Quercus variabilis) RIS ( Platycladus orientalis ) \mU%(Robinia pseudoacacia ) %,M‘
153520 32,30 .28 a, FYJTEEZ RN 11 m, TR0 BRI R A WAL Bk s e 1
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1.2 W7k

WA R G LR AE MBS A 2R A 7 1], 24 B R 31,0 m, FEEH CSAT3 = ZE# 75 KUR 1 ( Campbell
Sci. Inc. , USA) il LI-7500 FF#%=X£04h CO,/H,0 43Hr ¥ (Li-Cor Inc. , USA) SE41 B, AT 5E 5 )22 107 iy =4k
KU TR R CO, MR, AR RAES % A 10 Hz, i CR5000 %4k 245 ( Campbell Sci. Inc. , USA)
LS FIIRAE

TR G BN 22 524045 7 2 AR-100 XUiH i1 ( Vector Instruments, UK) 17 JZ2 HMP-45C %Y 5 15 B 4% &
& (Vaisala, Finland) (2225 E5 43520 7 10 11 13 .17 24 31 m) . A, 7627 m @ EEAL 22268 T CNR-1 #9345
FEFF AN CM11 AU B4R 52 (Kipp and Zonen) (Li- 190SB B g5 iR 6 & 13 (Li-Cor Inc. , USA) S KT (Model
52203) AT E T ( Model 52203, RM Young, Inc) %5, [RIAFIAE 20 em £ 3% ¥2 & ( ECH20, Decagon Devices
Inc. ,USA) , HHFEHGE B % B/E T2 F 5 em (192 B HFPO10SC B HIEHGERIE . FiR{XE$4 5 CR23x Y
BERAEES (Campbell Sci. , USA) #H3% , 4 30 min % 1 415F3(H,
1.3 kb

AMFFEHTF 2007—2008 4 XLD 3 1 I AR A T, %o 3 s B A AL B RE A+ () X 2fe NS R0 A5 4 2
13 WARARIERE ' 5 (i) M4 Webb J5 R HE 4% o BCHE UEA T /K S BEAG I 5 it ) S5 (R 00 e/ A v A
B (iv) B8 TEHGER B ([ 200, 7001 (W /m?®) , LASIIG I 50 00 S 18 (v ) BRI T 2 5
() 3 57 250 , AR BEF KA T 0. 2 m/s (B (B /K B S 250808 , 07 B )5 1A 08 2 L 36 15 (vi) R
S35 H AR AR L (MDV) Xy R RS A0 B G i A ik > I RI BT o 7 d
1.4 REHERSENRER S TEM

Bl A P B 8 T8 B R DG AN 2% B 200 s A ( LE ) RN B A Tl i (H) S st (R,) L T
Wi (G) GEERAER(S) = Z BGRR[0 T, BT P R B AR S PP i B A DG B3 T
PER T B2 SR 4 o LI 3t i S T A A 5 IR D5 A3 T AR Ry — T o 0 A 5 3
Bt 1Y T

A S 3 43 AT BE -7 LU >R (energy balance ratio, EBR) 5 OLS( Ordinary Least Squares) [F] 38R PEAfr
FLRE RSP P AROL S . EBR 48 h IR BE AR SN L2 000 1 s R B i i 5 A e = (R, G, S
SZHEZH) WA, AR

LE + H
EBR =k ¢ -5 (1)

OLS ZPEMIASEILFR 1, W LLEH  BAE R RE R A& BETE 64% —T70% 2 18], SERIAR A BEAE 33% Ao,
TRIESEYE R 8.4 W/m® ,EBR “E3{E R 0. 72, /NRJE W A7 78 RE S AN 1A B4, BIV i 2 AH 2 I 2 1) i 3 108 o
ARG T AR,

®1 MRRBEAEEXRGRENSERBEXSH

Table 1 OLS coefficients for energy balance closure at Xiaolangdi site

Ny Year FEARKL n S$,/°S, U Intercept R/ Ry EBR
2007 6617 0.64/0. 65 6.7 0.74/0.74 0.68
2008 7593 0.70/0.73 10.1 0.74/0.73 0.76

Sy OLS IR, S, Sy st il i i I s 2 e Il A ) a0

2 HREIE
2.1 WRFARG R RUG R RR

ZINTRRE S 36 DX R A SR A Rl ST 2 KU R, K IR IR 2 RN = BT 1 3R 2007 —
2008 ARzl BRI 5 (Ul R AR IR 2E (K iR e KB R AT ) B9 FE TR AE . 2007—2008 4F/NRE
R S R R 4 L 22 53 0F AN WA, AR B AR IR M, AR 2 G O 14, 8—15. 5°C AR K
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333.0—505. 8 mm, HH4F 5 AR ZEB BB K, W B AR ROk 5 R FENHE A G A
XHAR(E 1),

-4
-3
o g
= X
-2 o
-1
0
250 0.25
£ 200 020 ‘E
£ &=
5 150 s
-ﬁ 015 3
a
£ 100 0.10
&
50 0.05
0 0

Qy/(mol/m?)
8

400
200
0 | | | | | | | | | | | J
1 2 3 4 5 6 7 8 9 10 1 12
Month

1 2007—2008 fF/NREIEIMERFHFHEN
Fig.1 Seasonal variations of environmental factors at Xiaolangdi Station in 2007 and 2008

SUR(T, P RIS o ) RO 22 (D, B DUBEERTR ) s b a A RGR S K B R A A0 22 A 190Kk 70 P39 {E

2.2 EPGETERH AL

&l 2 FE 3 2 2007 2008 4F1E#GE £ (LE) 30 min B0 HER H 284k, ZZ80TH LE 5K B7RAE R4
FRE() WERR BT/ A 8 LR AR R 3 R ZE T (11—2 ) AR e BB AR, 4 4
RN LE AR (B i T 0 B AR S 3%, R LE (%) H AR (R BEAR /N sk B i B LE /9 H 34 H i
HAEPIF 510 91,7 .92.8 W/m*, #EAFEFN(4—9 A)J5, MG Kk mAds Bow i, <R A 4 53
Fhin, LE FF4G B 5 04 H ARk, LE FER ARG, H B8, 13 .00 A Bl K(EH, FE 1N SFER
S R RS I0] B4 5 il ik B e 4E i, % ] LE W9 0 734 B (78 P A 43 51 260. 7 ,255.2 W/
m’, 3 AF 10 AR T BAMASEET WA LE W SR THE ST B E TS, 4 H gL
PHAES 50 94.9 129.2 W/m?
2.3 ABRGZEMM T

4 25T 2007—2008 F/NRJIKH AR RGE AN, TG I ET AR 25 AR KEER
BRI B AR AR (K] 4) | FF HAVIR ARV & (B 1), WEHE 4 A iha) BT B IR T = il
B TEARKATT IR 5 0 2R B i KRR, 5 B T2 BT R B AR, 7E & ik, XLD 3= (7—8 1)
HZEBCE (P EMER2. 19mm/d) 24 (12—1 7 ) HZ&8 80 (CFE 80, 44mm/d) BY5 65, X 02 i T 52
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360 M B B AR TR, & il T I I G, 2R HCR L AR T E S,

B4 2007—2008 £EAEBRFEHEB(ET) WEHEL(FPPIRZSL N 10 B3 FH)

Fig.4 Seasonal variation of ecosystem evaptranspiration ( £7) at Xiaolangdi station in 2007 and 2008; Lines are 10-days gliding

average values

Bl 5 RRAD R G RRIER(A,) FIH ZERCE 2128 Mk, LS AT 0L, 2007 4F4AFZEHE T 2008 4,5
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W AR 4—9 i) RIREBE A EZA K () S) X K0, 2007 4EZ8 80 5 T 2008 4F 2Rt FA K
FAEHFEKEL L G
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100 - 20 | @ @ @
0 1 1 1 0 m @ [E
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5 20072008 FABTREERMBAH R ARHFNETTNH

Fig.5 Seasonal variation of accumulative ecosystem evaptranspiration and monthly evaptranspiration at Xiaolangdi in 2007 and 2008
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i ,2007 47 H R RFRZE R PR K 1928 (LR 1 5 T 2008 4F X R, 2007 4F XLD AR R4 7%
BOS TSR 7O UK, R 4 vTLUE AR S A0y ET SRR 5 K, 4R 5 MFn 22 78 3% H 0y 35 31 4 4F i
FE(ED) iz A0 S K AR ZEN (4—9 ) IR (FEPAERY H BE 5510 0. 16 0. 18 m’/m’) ;#EA
6 A5 , B 1A 22 AR S RGBT b B0 T B R Ay [0 (1 4)

7 RN ZEBCEAE AN 7] 7K B 5 B P -2 S 3 50 A, T DU 35 K A i 1Y)
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. 2007 AEZEHLE HE 2008 4R 6. 2% , AEREKE L #2 ERESHBEEFXRMZBSEEAMTSH
2008 ﬁzrﬁ'? 51.9% y ﬁﬁii% Mﬂiﬂé’\ﬂ(i ( 0—20 Cm) [:[j Table 2 Coefficients of stepwise regression analysis for the relationship
2008 ﬁiﬂf& 10. 9% , H:l ﬂii%\ X |j;] 3‘3}:%@ {E% , ‘;j;ﬂgﬁ[—"% between ET and environmental factors

AREL

:J:Ig%ﬂ(iﬂg)}iﬁﬁgﬁ%ﬁ?i%ﬁg7kﬁﬂg1ﬁg/ﬁ\, AFIE] R Time scale Varli\afles R? p
A= i ANGTOR NN | R fb _
Fiﬂjﬁkz?h‘é};i%k SR BERE, SREM 0—20 em  —770 Daily time seale r 050 <0.01
3 K LN 5 SRk A B K 7 B 2007 4F + T, Q, 0.57 <0.01
KSR S FARIR-E K SO0 T 55 rg.p oo
KAZES . S 2007 AR 7 FIGHRBLT 23 R Nontly time e fooemoon
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MRS, A T MK S, Pt 2007 4 -3
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Table 3 Variation of ET and environmental factors at XLD in 2007 and 2008

I ekt < T T TR 0, HEP A
Al ET/mm Precipitation/mm T/C D/kPa /(mol/m?) W /(m’/m®)
Yeur ET, ET, pptn, pptny, T, T, D, D, 0, . Qb w, W,
2007 562.2  444.6  505.8  393.3 155  23.0  0.96  1.31 7221 4897  0.17 0.17
2008 529.6  381.3  333.0 315 14.8 225 0.94  1.19 7391 4456  0.19 0.20

ThR“a” FoR SFEUE, “b” Fos 4—9 A W HUE

H & 6 FI15R 2 AT LIS 3, AR RS 2580 S AR M 2 A2 B W IEAH G OC R . 3R 3 W LUE i ,2007
AEZEHIR L 2008 4R E 6. 6% , HirhdEA4E K2 ET I 2008 4ERAE 20. 7% ,H/E K Z= ET Lt 2008 4E 5 16. 6%
T2 A A K 25 P I B B AR R 251 755 F 2008 45,

R KR S 2 KGR 2% B RS TR 7, 3 W K I U R I AR 28 i B e ), AR SO R B
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S ) N O 7 N2 (30 N D AR e o B 5 % L T AU Sl UM = ot @ = o 7 N DO B NP0 N
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mm , X T T HIVT 46 B (AR I (Oak Ridge ) Sl s W03 455 SR 020 g BH S A1 A0 0T 445 88 A A 7K S8 3 ( Kiryu
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Table 4 Annual ET in other forest ecosystems

il 5 Sites ET/mm FRRZER Forest type 4 )% Latitude
Spasskaya Pad!?"’ 169—220 FEIFFAMK Siberianlarch forest 62°15'N
Saskatchewan F891%¢ 253—313 IR TR SEPK Mixed forest 54.254N
Mol 133 616 N T4 IHK Scots pine plantation SI°11'N,
Chequamegon-Nicolet National Forest!3?) 560 £ RS Temperate mixed forest 46°30'—46°45'N
Changbaishan'®! 355.9 £t FRR 2 MK Temperate mixed forest 42°40'N
Oak Ridge TN 537—611 AT [ AR Broad-leaved deciduous forest 35°57'N
Kiryu Experimental Watershed ! 735 AT AF MK Japanese cypress forest 34°58'N
Qianyanzhou'®! 748.3 NT 4 AK Conifer plantation 26°75'N
Xishuangbanna'®] 1369.4 AHFZERIMR Tropical seasonal ainforest 26°56'N
Dinghushan[x: 641.2 O TR A AR Evergreen mixed forest 23°17'N
Lambir Hills National Park 3’ 1545 A NI A Tropical rainforest 4°12'N
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