ISSN 1000-0933
CN 11-2031/Q

ESSEIR

i
g
N
I ) { [
| |
\ |
fri
| L : (|
‘ | f A 150 £ TF U { ¢
/ 14} ‘ g y § l'(‘-."y i) ! L ‘
o gl oy LT H |
J 1 A i ) 1.1 ' /‘
| | " ik 1 AR | :
j \‘\ ) | : T ‘ | | | J
q | ! / { ‘ DT U il | |
! ‘ 't x/ | Al ! } {
| \ ; AN 8 Al e ‘ {
- ' ; YEALANE (RALALEAN 1 |
| ; k 0 U M I \ { /
| / A I (% Vil
I | ‘ Vi i 1

RELAEFE .
R B A A TR S s
RN HH R



L J: / t 7 2 IR

«®'B
&9 (SHENGTAI XUEBAO)
vemerns. B 31 & F1LH 20116 A (FAT)
B X

B A S0 B R ERAT AL AT A IR S AR T ARG P T v vervnennenrensensieneiieieiea, AR 4T (2957)
B IE KA TS R B B IR R B AR PP AR e, g@%é\,ﬁﬁi%,j{%ﬁ,% (2968)
A B B AR R BV R AR BT IR S - vvee e XALE ,KAE , & 7=,% (2978)
R BRI R E AR B 2L A AR T P & o R G HE e

.................................................................................... [ & ’g{g/ﬁﬂa’j’ﬁ( g ﬁug’% (2990)
R E Y IR LB A L o verrreeeeernnnree et 2w E & FAHE £ (2999)
P ol S R AR R S AR ) 5 A A AR TR B e RN, HEF  HFH =, % (3009)
LBk BT 2 M T AR Z A A B oA 0 S5 A BB AR B r B e

............................................................................................. gﬁ/}é’pﬁiﬁ’%ﬁ ﬁ; (3020)
W R TURY AT | B e AR R R S A A o AT IR R A B BRI S ARG R e

....................................................................................... F/iﬁjﬂgff*,;ﬁ j;g’]gﬁ)ré"ﬁ’% (3027>
(EREEIL S ITE SN N W= & N B2 a0 SLLLILLLLLLLELEEREREERE X|HE, KO, Bk, % (3036)
F4 B Cd Wit 3t Lo LAY 0 BAL T 5 ALEE 5 PE o MDA A3 B uh vvveeeeserrmnrrreesnmnnnieeesnniieraae e,

....................................................................................... %ﬁ;‘éfu,ﬁ’ﬁkﬁ,%’:ﬂ}f%,% (3044)
Bl F B RARKAERDLZRD T ARREAGHAG K F e LR, MR, R R, ¥ (3054)
FFF AL LB XK REA AR I LRSI T weeeeeeneeenne o &, ERE,%F (3060)
FHBRTIAT RRAFALAARZ UG NEF B TACAGHrf oo WA K, EHE B, F (3069)
#igH RILE EH BB S EABMASAERBARS A ARESE LK - EHAM,E B, E R, % (3082)
R R 2 F B ALAE M AG I B ARG FL v vvrrrererrreer e Eﬁﬂ(,iﬁﬁﬂ,é//l\ = ,% (3090)
A K S Fed 3 K 2 RS MAM AT NaCl G 64 TR Bl v Bl eevereeeereeneenrennaennns BRI BT A E (3101)
IRBEFGE I N F R AR IRARETG B G LM AG R oeeeereeerr KO3, BAES, BOE R (3110)
B2 R AR 38 AR AT AT DAL AL R R A G R e IEE,KEMR, REW,% (3120)
AT MSIASM 77 ik 6 W ) 5 BATBCR AR SPAEAR I AT covemeeeremmmmnseennnnnnnn, x| Jk R, RES (3133)
R A R o AR I I v eeeeeeenenn e, B, E W HES, % (3143)
B AR #AF 23 AP F MM E B LAY IRAE R TEIE DT coovrrerers FHW,H BRI (3150)
e R A Kk e ST R AR ok 20 L DNA B9 ARAG AR oo oveeeeeeeeneeens F 8, F L4 0 4 (3156)
F A RV kB A IR B R AT rfy v &b HEIEM,H O, Z (3163)
K A G IR A AT R R R A E L A AR ARG TR e BAEW,E A (3170)
ER5%ZiA
RIRF IR B R RIFIERZ R ZATTLIEIE oo BOE A UL R4 (3180)
AR G A J) ZE BL B S0 E B+ vvveeernneeseensseeessse e e ettt e ettt AL 0B (3190)
MEEREARFRA R —EZ  ZAREAAFRSTEET s BEME E B A% (3197)
AT F N BB FBAIRFE IR eeevvrerreeeremsneanneenneennns BRA E A B R, % (3208)
B AL TR T HE P A T J veeeeeereesennnnnnine et ee e e e e HEE BN, Y XK, (3215)
M iFE B R AL G WRKY $35 B FAF IR oo A ﬁ»,éﬂﬁjﬁ (3223)
R EHR
SRR HEER IIE M A EREF LAY T fEfede KTk, i, % (3232)
3 AP BT B A R £ F S AT B AR ERECTA A B 6 FL L FE covveeeeeeee

............................................................................................. ;}3 %,Eﬁ%ﬁ,?ﬁ%% (3239)
BRI D S I D BEE TR T B K BERY E Aieenrererreneeeaenaeeens MO R EE, G R, (3246)

BFIEARZSECN 11-2031/Q * 1981 # m * 16 * 298 * zh * P % ¥70. 00 * 1510 * 33 *2011-06

ECEEEEECEEEEEEEEE

STEEGE . AT AL B KRS —— 8T T T P RS, A A CHOKZ S T SRR, 3 HL b A Y Y At 2 D v 2 XL
S5 B EH AR AR K A KB UAUK R K EE R AR ) 3=, O ORIk V22 A T, =2 H
KRG o 7= s 1 X RN E 2 A K R 7= X

FEREM: AL P EBAR A SV E-mail ; jpshen@ reces. ac. en



e 25 2 % 2011,31(11) :3069—3081
Acta Ecologica Sinica

ET I‘E:F;XT':FI,N NI EF#RF
BRABEHTHHRI

1,2 TS BN ST A NG, 2,3 2 bz 2
TR A, ERE BFET, TEKR IR, THEER
(L. PR BN R TR 1108665 2. rhElﬂﬂl%im@ﬂ%'a‘%Wﬁﬁiﬁfrié\:%éﬁW%m‘imﬂmﬁ%uéﬁisﬁi,jlsﬁ 100101 ;
L BRI R ER 266109)

FEEE AT 55 R RD A Sl AR A et 11 8 A R A R AR g 2 B PR 1) bR, RIS F A ChinaFLUX T 40 9 3% i
AU K ZE W HOR R 221 25 M 2 09 IR0 4520, B0 T 2003 4R M T R 0% 4 485 R 40 B AGRIVE HAGE i H AR (0 AR S i 2 e
fﬁﬁﬂﬁ]ﬁﬁﬂ?ﬂm WFFE W] . B HGE B F A8 A7 508 B AR 2E 176 W/m? 9 P0G 9 728 fh 728 S5 1 B A S 2 {F M 171
o PG R K H AR LA (IS RS89 0 11:57 , 4R = 1Y H AR (LR TE /1 5 1k B0, P398R 1233, Z=7 1

T 5 5k o G R 1 H A S R R A R AN 144 W /m® ST A 321 W/m? 1 TR Y H 8 SR A, A 324 W/ m?
W/NE 198 W/m® S AR GE B H 28 53 0 32 X AR AR A B B 38 K, - 165 W/m? B9 3 76 W/m® ‘/E'ﬁ’f@,%mkﬁﬁim
LR 5 PR AR AR S R R AR AR AR B IR R, T R E 0, VRZ KR i HGE 5 H AR AR S e R L S v kG

H AR b AR S i B2 R AR AR A 4 R B 3 TS AGE i H B R IR SRR B R XRAARE, FH TR B HEREH
AR Ak 1 U ﬁﬂﬂﬂ%uﬁ*ﬂu(ﬁ%_gaﬂhm AELRSF ) A AR A8 A0 B 2 1) T 2 S, 2 ARG i H AR b R A 11,31 3 1217, 46
XPASAE N 1 /N3 1 /N 20 438, ZET R T R AAGE i B AR fRIg (B R W s, R T R, B Hul i H 2k
DS (1 R [F0) 1 50 R v A e H AR i {’a‘ﬁﬁlﬁﬂE’J*ﬁxa‘ﬁ“{ti@‘%ﬂmjﬁaé TSt ), W SR IE A G, bl i H AR ki
HIB S RELBERLRIARE . RS RG W AEHGE  H AW 09 A AR b 32 B2 K e 2 e b ), 78 T 5
Foh e SRR P PRI B R R AR S A et T A T s ] A R X8 A AR _E R A2 A 5 B R SRR
SESRIA) A MO ; Z T M 5 5 0 A ; VSRR Ak 5 T A S R 0 R )

The diurnal trends of sensible and latent heat fluxes of a subtropical evergreen

coniferous plantation subjected to seasonal drought
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Abstract; Evidence of global climate change is well-documented, with long-term increases observed in average global
surface temperature, the atmosphere’s carbon dioxide (CO,) concentration, precipitation, and runoff. SPAC system is the
strongest active layer in surface energy and mass exchanges. The diurnal trends of sensible and latent heat fluxes are
signatures of atmospheric and physiological processes that control biophysical fluxes at the surface. The diurnal trends of
sensible and latent heat fluxes depends on temporally evolving interactions between atmospheric demand, the net radiation,

temperature , and atmospheric vapor pressure deficit, and the ability of the vegetation to supply available water. Droucht can
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change the diurnal trends and the energy partitioning between sensible and latent heat fluxes. And that may affect the
surface energy and water exchanges cycle. Continuous measurements of the influence on diurnal variation range and diurnal
centroids for sensible and latent heat fluxes during seasonal drought were recorded at Qianyanzhou in 2003. The mean
diurnal variation of sensible heat flux was 176 W/m” and that of latent heat flux was 171 W/m’. The mean diurnal centroid
for sensible heat flux was 11:57 and that of latent heat flux was 12:33. Seasonal drought led to increases in the mean
diurnal variation range of sensible heat flux from 144 W/m’ to 321 W/m’, whereas the mean diurnal variation range of
latent heat flux decreased from 324 W/m” to 198 W/m”. The relative change between sensible heat flux and latent heat flux
increased from —165 W/m’ to 76 W/m’. Temperature and water vapor pressure deficit were the major factors controlling the
diurnal variation range of sensible heat flux and relative change between sensible heat flux and latent heat flux. During
seasonal drought, the change in deep water content had a more significant effect on the diurnal variation range of sensible
heat flux and relative change between sensible heat flux and latent heat flux, whereas the diurnal variation range of latent
heat flux showed no relationship with meteorological factors. Seasonal drought weighted the diurnal centroid for sensible heat
flux toward the afternoon, from 11:31 to 12:17. The relative change between sensible heat and latent heat flux changed
from 1 h to 80 min. Seasonal drought had no impact on the diurnal centroid for latent heat flux. During the non-drought
period, the diurnal centroid for sensible heat flux and relative change between sensible heat flux and latent heat were
negatively correlated with air temperature, and positively correlated with air temperature during seasonal drought.
Meteorological factors had no impact on the diurnal centroid for latent heat flux. The seasonal distribution of precipitation
dominated the relative change between the diurnal centroids for sensible heat flux and latent heat flux. Precipitation may be
more important during seasonal drought. It is suggested that relative change between the diurnal centroids for sensible heat
and latent heat flux might be subject to the coupling between vegetation and the atmosphere. From this study, it was clear
that these environmental variables, especially air temperature and water condictions regulated the diurnal trends of sensible

and latent heat fluxes over the planted coniferous ecosystem.

Key Words: eddy-covariance; seasonal drought; latent heat flux; sensible heat flux; diurnal variation range;

diurnal centroid
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Fig.1 Seasonal dynamics of environmental factors at Qianyanzhou in 2003
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Fig.2 Seasonal dynamics of diurnal variation range of sensible heat flux (4, ) ,latent heat flux (4, ) and relative change between sensible

heat flux and latent heat flux (A4,,-A,,;) at Qianyanzhou in 2003
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Fig.3 Seasonal dynamics of diurnal centroid of sensible heat flux (A gH) ,latent heat flux (A ol ) and relative change between sensible heat

flux and latent heat flux (A4,,-4,,;) at Qianyanzhou in 2003
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Table 1 The dependence of diurnal variation range of sensible heat flux andlatent heat flux on meteorological factors at Qianyanzhou in 2003

SRER Meteorological factors F5#& Equation R? P
i ARG
TR a
I FIK IR 22 Y=6.03x+121. 45 0.42 <0.001
RS ER
! Y=24.39x-514. 69 0.85 <0.001
MR PR 2 Y=10. 35x+31. 86 0.92 <0.001
+ 3K (5em) Y=-1974. 53x+457. 28 0.62 <0.001
3K (20em) Y=-265.9x+847. 11 0.94 <0.001
FHE KA (50em) Y=-2417. 26x+1054. 55 0.95 <0.001
W HAGE
AT S it 1
IR Y=52.9+1. 17xexp0. 19x 0.98 <0.001

AR P B H AR A A S RS IR AR A PR PR S BB (E AT TRIIE R J7 [ IEAF A R (P 4)
R i B e AR Ak S R TR AR B M2 K, A 126 W/m® Bl 150 W/m®, 7E T 52 b S5 0 oK ) 321
W/m? 755 iE A CGRGE N 155 W/m? B4R AR LA I N BN AR AR Pl A H A8 A S i
JEBAFAEIAA R BLG (A5 0 STV i/ , 76 53l AT Us o

2003 AF T-HH NN AR 25 28 0 S ARRE Pt i H AR A S 0 2 AR X2 5 AR BRI R R Nk 2 B
N o AEART S E ], N PG e AR S R B A A AR L R R U OE (R = 0. 46) , 51
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Fig.4 The dependence of diurnal variation range of sensible heat flux (A4,,) and latent heat flux (4,,;) on air temperature (7a) at

Qianyanzhou in 2003

IKIREZE 5GBTS (R? =0.08) o EAEZS RGN 25 1F BLIFI , Bl 3R A0 T i A 2 %, Sk B
PAGE N, LA S B AR AR AR AR SN, (R JRAE TS0 30, SRRV A S P A AR R S R
R K PR 22 S IEARSE (R* 43014 0.7 F10.71) , 145 5,20 .50 em 35 KB S A (R M 0.63
0.8 F10.95), M/AERRGMZ TS M0t , R REVEH 2 21306, fE /0B LRI 32, T30 B i
3 5 A S5 PR X2 T IR ARV R K YR 25 B T R, 7T S a0, (B B i i
AR A7 SR R RS A5 520 50 em - HE S K R R OC R BOZE IR (R2 435129 0. 63 0. 83 F10.95) , %
B 1 SR 2 K WA BRI T, T2 L /K i BB RV PR s T

£2 2003 FTFHEMAIRESRGEREANMEBERBEATUEREEAMNEALESKRERZNKXER

Table 2 The dependence of relative change of sensible heat flux and latent heat flux on meteorological factors at Qianyanzhou in 2003

KL ZEE Meteorological factors 72 Equation R? P
T A i

i Y=-8.68x+175.36 0.46 <0.001

AKIRE2E Y=-6.748x+72. 79 0.08 0.04
T 58 1

ik Y=32.93x-1041. 02 0.7 <0.001

HIFIK IR 2 Y=13.53x-295. 11 0.71 <0.001

A KA (Sem) Y=-2702. 78x+309. 13 0.63 <0.001

45 /K (20em) Y=-3043. 58x+832. 53 0.83 <0.001

8 E K (50em) Y=-3609. 84x+1197. 98 0.95 <0.001

2.4 HZR I fE I a] B9 BRI 4

2003 4E T HHM A TARA: 25 22 48 W A i HAZFRIE(E I (8] 5 AR BER R ANER 3 iR, 2003 45T AR
NTARAZS R G0 0 A H A I (] 5 IR A SC R ANIEL 5 B, FeAlE T ke i, 3 i H AR (L (e
18] 5 R AR AN K PR 22 R RO (R? =0. 58 ), i FAE deb 30) 0 e ] ) R 7] i = I AP0 P AR 7 30 22 ) 1 A )
PR 1250 B 1130, H Tl BE R AL R K P50 22 B4 T e 4 S A e ) G R DA TR e 0
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Table 3 The dependence of diurnal centroid of sensible heat flux on meteorological factors at Qianyanzhou in 2003

HLHE Meteorological factors i Equation R? P
i HAGE
Bl RV STER ]
SR Ta Y=-0. 04x-12. 61 0.58 <0.001
MUK 52 VPD Y=-0.07x+12. 44 0.58 <0.001
R SR
S Ta Y=0. 11x+8. 57 0.77 <0.001
HuFIKIEEZ VPD Y=0.04x+11. 15 0.62 <0.001

2003 AF- MU TARAE 25 28 40 i AR Pl 12 H A2 ARG (E I TR A A X R AL SRR BRI R R UK 4

TR 2003 AET-HHIN A TR 25 R 40 i AR G o H 0 o Doy 1—164
AU I X LS R R R 6 BER, . |0 e

T TR, B AR R e ] e

KA 5 AR R R IR 22 B I (R 9 0.66 L S

0.43) . X @4 RO DS A R BLA MR ( O |

I i 2 LK V2R 22 B 3 K T 1 R 4IRS, UG
(21,1 51 0. Th,  H A5 LU (8 [ B A X 25 4L

F B R AR IR R 22 B2 A VE I (B IR Y L2r

PEHE WA (R =0.66) , 1ET e ], 5 A5 5 10 15 20 2 2 s
ST I 705 A e (P ) 50 AT X 25 44, 5 2 I R /K 9P Tee

2 AR R FAET SR AR, D S S R AE AR B 2003 EFEMA D& R BRI AE R A TLIEE
o v, L BB BRI ( €y ~C ) SRR (Ta) UK R
(Q}%%%IE*H%(R j{l 0.89 #10. 91) ’ Ejiiﬁ/ﬂ\7 J( B Fig.6 The depen:lenceg of relative change of sensible heat flux
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Table 4 The dependence of relative change of sensible heat flux and latent heat flux on meteorological factors at Qianyanzhou in 2003

SRHE Meteorological factors i Equation R? P

AT 5 i

Sk Ta Y=-0. 03x-0. 06 0.66 <0.001

MK K 2% (VPD) Y=-0. 05x-0. 27 0.43 <0.001
Ry SR

S Ta Y=0. 12x-4. 4 0.91 <0.001

TR IREZE VPD Y=0.05x-1. 55 0.89 <0.001

HHEE KA Sem Y=-7.56x+0. 33 0.55 <0.001

+ 35K 20em Y=-10.05+2.25 0.84 <0.001

5 /K 50em Y=-11.81+3.43 0.55 <0.001

2.5 FRIKERFRE R X H AR PRI (5 0 AE X AR 1k i il

A= 25 FR 55 50 FIORIT R A e 08 L SF () P AFDG AR AR 2 RIS IR T 28 /R I Z5 3L . 2003 45T T4k
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WAL PR AFXS A8 A B[R] 32 B /K B 0 220 A8 Sl BVACKR TR AR TR OCOC R | BIVRE AR 3K s A 38 I, ARDxE T
B ARG VR IAGE f B IR (R A B R ) R R RS FE 13015 ZE A IR B BR M, (R A B SRk
[i] By £ AH DG R R FEAS ], 76 1 52 W3 1 kAR B B K SRR SR B 2 (R* = 0. 72) . 7€ DOY 221—255 2
], I AE R RG] — R KRR, TR 8] — e G, K e o PG 1 H AR Ak 2158 5 g s ] B J
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A S IAIVE TG e H AR A A (L A (8] A4 A AR fh i g 20 B T2 AH 22 0. 3h (HETHC KR R E A B E oK
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Fig.7 The dependence of relative change of sensible heat flux
and latent heat flux ( C,, - C,;; ) on precipitation ( P) at

Qianyanzhou in 2003
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Fig.8 The dependence of relative change of sensible heat flux
and latent heat flux (C,,~C,;;) on the decoupling factor((2) at

Qianyanzhou in 2003
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