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Abstract  Soil heat flux is important for surface energy balance (SEB), and inaccurate estimation of soil heat flux often leads to
surface energy imbalance. In this paper, by using observations of surface radiation fluxes and soil temperature gradients at a
semi-arid grassland in Xilingguole, Inner Mongolia, China from June to September 2008, the characters of the SEB for the
semi-arid grassland were analyzed. Firstly, monthly averaged diurnal variations of SEB components were revealed. A 30-min
forward phase displacement of soil heat flux (G) observed by a fluxplate at the depth of 5-cm below the soil surface was conduc-
ted and its effect on the SEB was studied. Secondly, the surface soil heat flux (G,) was computed by using harmonic analysis
and the effect of the soil heat storage between the surface and the fluxplate on the SEB was examined. The results show that
with the 30-min forward phase displacement of observed G, the slope of the ordinary linear regression (OLR) of turbulent fluxes
(H+ LE) against available energy (R, — ) increased from 0. 835 to 0. 842, i. e. , the closure ratio of SEB increased by 0.7% ., yet
energy imclosure of 15. 8% still existed in the SEB. When G, , instead of G was used in the SEB equation, the slope of corresponding
OLR of (H+ LE) against (R, — G,) reached 0. 979, thereby the imclosure ratio of SEB was reduced to only 2. 1%.

Key words Main growth season, Soil heat flux, Surface energy balance, Harmonic analysis, Turbulent flux, Available energy

B O hEPGE TR T T S R AT T P AR O B, b S G B A TS 05 v 5 R B R R N A —
AEE N . AT 2008 4 69 A B AR R 3 AR ST 3 R N L3 A o I R R B UL BT L BT S o £ R T R
T T 3R R B P AT . T G AR 0 AT RE A A5 o0 2 H F 3 B S AR B 2 A 3 I X SRR RO Y 5 em TR
HEPGE (GO AR LT RS DI T e SR B AR 5 A S X 3 B 7 A A R 5 LU R T e 0 T O kL G T
F R IRHGE (GO AT T 33 B B AR [] A A R A X R RBP4 2R R T () K S A A AL
AT A% 30 min. Jiif it 38 k5 A A AR B (R, — GO ZR VR 1 AR 32 AL 0. 835 1 i 1) 0. 842, 3 K AE 1k A A R 48/ 1 0. 700 B4 A7

* YRR E R E KBTS TR (2012CB955304) | [H 5K [ SR Bl A4 3 4 T B (41075008.,40830957)  H [ 1 - J5 3 43 (20110490854) il
PEALRTRAILRIE S (KYS2011BSKY0D) ,
YEH F A &, 2R R i & KB RZ S8 TAE . Email:jqyueping@126. com



B 5 58T A AP A AE S -t S P Xl D S0 B 137

15. 80 HYREHE AN & 5 (2) %5 18T 3R B R B AR 2 0] Y - 4 ik A 205 i AL T k5 Rl R T R ek 2 1) A [ 0 AR A )

0.979. fE = AN A RN 2.1%.
X §E1A
HEZESES P41 P42

1 5 5

SR o5 QES |/ S SE TR U VA - G Ve S BT = B[
%, Wl EFEDA (Bolle, et al, 1993) fil FLUXNET
(Baldocchi, 2001) , 4 HCK B[] 5 51) %) 08 00 % 4, A
S8 AN [ b 2 R 1 PN 2B 2 3R e W) ot AC 0 R g 1 1 4
E I W 5T 25 AN W T T 56 35 R0 ek i i Ao FE =
Bk & e m KRR . hE A 20
7 90 AEARE , e e T T BRI SE K HEIFE(Hu, et
al, 1992; Wang, et al, 1992) . 3 i 5 i KRS B 58
3% GAME/ Tibet (X #% & 4%, 2000) . TIPEX(Zhang,
et al,2000) .51 2F T 2 5 i 55 IMGRASS (&
IK12%5,2002a,2002b) F1 VG Jb 5 X i A0 B A
NWC-ALIEX (3K # 45 , 2003, 2005a, 2005b , 2008 ) %
BPAMBE A S RS [R) S XA [A] T T
8 ST R RE - R A PR AR T R A UL B R
AF 5 2455 M A0 X =040 A8 A 7 i 7 B4 2 1 S0 =
5,

il T o a5 v, BE A AN P G R R e O
R BB R, BB FE ST R T KA Lt
5% (Blanken, et al, 1998; Sun, et al, 1998; Hall-
din, et al,1998; Beyrich, et al, 2002; Lee, et al,
2002; Wilson, et al, 2002), 21 {42 %) 75 2 = 1 %
H kM By EBEX-2000 i & ( Mauder, et al,
2007 ; Oncley. et al,2007) f&% '] £F % #b 3 G & F fif
AT LI A o A 5 Bl T AR UL I 35 P S BORE O
M 4 98 78 ] %, FLUXNET (Wilson, et al,
2002) 1 [ 38 000 ) (2 0E 54, 2004) B2 R4 BT
SRR ERE R E ST BN AFAERE S
WRFWATMNRGEHERSR., fir, 28 k%
(2008) FEWF I A b Hb X F K AL B W RE & 7 A FR1IE B
5 Bt o i 5 e e R [F] 2P S B R
Gepkad A I 0 — A FE R A L I3 A ) T AR
TIEPGE AR, —E B LR TR M
G, AR DARAS I fif P g 1 A A1 5[] @, b
FRE AT AR AR AR ik 22,7 %%

b - T HRGE T R b 3R A T 1Y A R
a3 Al EAZE I KN B ILT i i BHZE A S M
2% ul e ST 43 A b U R OB IR B, H ET R 4

FARKM, LERom s, RERCEAT. BT, dn i E, AR TR

AL T2 SN 35 B A 25 I 4% 3 K 22 A K02 1) R R A
T B UL B RE o T A T T O R i A R
T 3 GEORE R 5 b e PG AT R A T AG R AC
75 . Yang %(2008) & & T —Fhih £ )2 + 1
TR R ORS00 Ak A G5 - SR G R R T . Tk
PSR — Y B R AT B IR R Y I AR
25 8R J5 W I FIT SR L B8 B 4R 5 UL DU AEL 1Y) e 22 » B S R
o3RRS B R 2 A Gl & . Gao % (2003,
2005.2007) 4 Hy 1 —F 2 I HORRAOG g 1Y 155
J7 % IR T T8 A S B R e Y A% 4 R X A
FEEAT TR . 0 — 2P R i T L e &
R B A R o7 Bl - 58 TR BE % hn R T A R L B A AR
W T T Y o R T i 8 9 Y Ji B (Bhumralkar,
1975; Heusinkveld, et al,2004) . F 3 % 2 45 #r #
A BE TR, R I B MR TR R R
SR 3 B H 3 1 5 @ & (Heusinkveld, et al,
2004) , FEMESE(2002) 78 H T 2 R T A 4 bk
SRRk A R LR iR A W N O D =

TH2E T 5o X 2y 5 4 Bk Bl b 5o AR
30%—45% (Liu,et al,2008) , & EAL & F &
) Ml Y 2 DX AN X 4 3R A A i 7 AEJRR S ]
B p T R IR A b AL R 5 AR AR, R AT
G R) B Bl AR LA R 4 B BE B Y T B M R
74 %5 5 252 I ( Huenneke, et al, 2002 ; 45 15
KA .2002) , ASCFHG MG R E X IBERLR G
2008 4 6-—9 H Hb 3 48 5 . 4 HEHGE 5O 4 50R E
SN R S AT RS 5 om TR R I 4 5 HGE B
A R8I 76 1105 2% 1 G &, A 1 3 Ik
SO0 2 R R R A K b 3 BB T A 1
Ml 5 E A & LT A 6 B AH OG0 I 5 B 1 5T L T
il B AR S R G5 R W) 5T RN fE o 28 e 4 1L ) o
M < R 2 T 5 B i AR 2N R G AR o 4y e Ao B Y
AR e il T T A AT T
2 WRHFE
2.1 HERE

L PR 458 % i Ik Bk o o 4 i = 0L SCR (Y e,
et al, 20100, SCH IR T R 7K R AT 590800 45
s VAT EATHE AN o 20 B v I A e L G A



138

B TR AL B 0.5 h -3 45 IR
JEAAGH 5 CHD A #4GE 5 (LE) 0 3@ o F 51 Jr
SR
H :pz,c,,w (@D
LE = Lw/p, (2)

AT B K R 2 7 AR W K VR B ik s SO . AR
& WPL & IEF i (Webb, et al,1980) , X 1 $h 38
HEAT T A B8 TF 8 1E I A B PG ] KR

LE :L(1+#é)[m—l—gﬁ} (3)

Hrr, p A TESKFKEGFRERZ W 0. #m TER

%uEZ;pV HIRPEE s e, T2 TE R G L o<tk
B
2.2 REFEWRAE

ARG b, b R e R T R RN N
(Baldocchi, et al, 2001)
R,—G—S—Q=LE+H €D)
LR, HERES G R IR E AR A 5 cm
DRBE - PGl 5 S BT 2 BV A 5 Q D B
PRI S, BT S N Q I/INTIT Bl 2 W, itk
i RE V1 5 AR R R
R,—G=H+LE (5
B AR O 7 YR A 22 A RV [R) — 1 %K

3

=83
=4

-

EW

K2 2012,70(1)

Acta Meteorologica Sinica

i AR BE TS 7 1 B A 25 R AP AE 22 57 . AR SO

L[] )9 B - R AN BB P Ak 22 (D)3 A5
007 B AR R R AP AR O

(D ¥ (H + LE) 5 (R, — G) #4724 % 6] 13 5>
s B R R R R AR RE R B BB RRRMI

MY ERAELIR GG 2 (H + LE) f (R, — G) 2% 8113 1 A}
R 1R A T (HGE R O R 5 R I AN BE
EZBUN/Y

(2) Himmds(H+ LE) 57 F H#E
GO HAH R VAl 3 22 BE & 15K 00

 H+LE
Ry = R, —G
PACH=N

(3) RE R TPHHGRENSHEREK
Z(D)HLLFRR A
D=R,—G—H—LE

3 LRI
BT HRERTL

Be EE
(D (TR RE P 5k 22 5% 1 At R
I I e R ZE I, D W IE A R R/MAEL T
A3 A AN P S P R A S R R S A R
(SRR 45 . 2008) /\1‘ﬁ7yifﬁd(l§l . H i = 08
i 30 43 CAE mUlE R [F])D D G R, iz Bey D

=

B (

(6)
ik

PNTU=N

He 5

7

3.1

PNTE=N

PNEN=R

HE B
PNER=N

600

500

400

300

200

Energy flux (W,/m?)

100+

—100

T T T
11:00 23:00 11:00

I
23:00

11:00 2300 11:00 23:00 BT
Jun Jul Aug Sep
Bl RO A KRR P AR 25 (D) 5 & Be i 4 R 1 H 1 H AR AL

Fig. 1

Monthly averaged diurnal variations of D and various balance components

for the semi-arid grassland in the main growing season

(calculated without the phase displacement of G)



FA- =N

e % o SR O R S O
5 H M LE 335, KT Gsbja D S48 Jah iy K 18
112 mhak Bl e k. B4 D5 g i s/ 3
15—16 i . Dt 1E 4 4 6. IF f6 19—20 i 30 43 th
Blise/ME . 8] D — ELAERR 0 (H L I B2 I 6] 9 4fE
BB @i K, 2R H B, Xl s k. D /Y
HZZ AT AE H A J5 DA I B 3% g At A
E3 8 4 T o 15 RN e TS TE: I NP B R S
#1516 s i Bl & AR IF Had Ml &
R SEANWTINR s H v Ja 1 8 1 5 K. B IA) 4 o
MGG (A PSRBT/ . T L, 5 i 32 24
KRUIGER A & S il & R AR B A2 (e, wR
P2 (2008) 7B 78 5 K 28 F 0 B L B R A A
BT RMAR LA 5 AR (2008) 25 H iy 45 A
WL B D BRI 4678 W/m? . i

KAEFW D e KAEH 100—130 W/m* 3= B i

ab =L

He B

FA 5 28114 52 ) 139

FARKMMEEE MG R m TR EKREFTH.
3.2 rTEMBESHEAEENREEFEHNZIE
b % RE B V- i 5 b N A% A AE B B TR A
[F) 250 St 143 ) B o 43 i A R 2 X HiT— B[R] B 2 Az
V18 5 2 S 0 0 il [ 25 S e I SR A R
%,2008), MRIEE 1 WHL.G 1D AN S R, H
MLE A—3. B FRER M358 i — 2 55
SR AR A AN R PO A e ) A BGE
A8 AT 2 — 2 MBS 30 G AL IS T
R, BRHAILA 5. G MM E M S8 D 1
AHAOLERHT  RE B PG R BERRAR . 274 G ML HT RS 30
min, ] D 5 R, . H.LE 1 G §[a) P 5 2% o3 (&
2), M GHAHET G X D #T8R .Y D>0
B B KA ST 2 (E HB 98/ s D<<0 B B /IME T2
B #B W2 4 K (R 1) RGO 42 A . 51 5 F 4

600

500

400

300

200+

Energy flux (W/m?)

100

—100-Y - :
23.00 11:00

Jul

T
11:00
Jun

-
23:00

I I
23:00 11:00 23:00 BT

Sep

T
11:00
Aug

K2 GHIGLHTRS )G RE P A > B H P8 H AR L

Fig. 2 Monthly averaged diurnal variations of D and various balance components

for the semi-arid grassland in the main growing season
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