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Abstract The authors begin with the conservation equation and re-derived the budget equation of a scalar ¢,
which including the storage, the advection, the vertical advection and the traditional eddy covariance term. The ad-
vection term is induced by the heterogeneous underlying surface. The heterogeneousness leads to the difference of
the sensible heat flux and the latent heat flux and the creation of the mesoscale circulation flow. Thus the conver-
gence or the divergence procedure sustains, and the scalar is brought out of the control volume. Therefore the au-
thors can indirectly estimate the contribution of the advection term by calculating the storage of the sensible heat flux

and the latent heat flux. Both the dimensional analysis and the practical application show that the contributions of
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the storage and the advection are very small compared with the eddy covariance term. Especially under the homoge-

nous underlying surface, they both become negligible, so only the Webb correction should be counted besides the

traditional eddy covariance term when estimating the turbulence {lux. However, under the heterogeneous surface,

when the time scale is larger than one day, the storage and the advection term also can be negligible for simplifying

the calculating process; while when the time scale is smaller than one day, the contribution of the storage and the

advection should be counted besides the eddy covariance term and the WPL correction from the point of the conser-

vation of the scalars.

A RSB SR AN ] AR T, 2 TR
AR AR Al X R RE . et . Paw U et al.
(20000 WG R R, S TASEIEE

Key words eddy covariance, turbulent flux, advection. conservation of mass
1 5|8
B R E Rl HIsKAES RS

KA1 Jo1 RE 2 A2 46 (1) BIF 5 328 W Ry 24 45 [ B
PHEWTTE R PR, T3 BEAH G BOR AL B M 9l 12 iy
HF 2RI ZE CO, . KBRS AT,
i, B b B A Py L F SRR (IGBP) . A 2K
G 5 2R (IHDP) . A4 ZHE4%
Wi3T i+ X (Diversities) . 1 5 S 4% W 38 3+ X
(WCRP) L) K4 pRid & (FLUXNET) 4
. A CEEIE I L i — R A B
JoF-3E 0 R TE B A B R M S A S R S
(Foken et al. , 1996; Baldocchi et al. , 2001), it
IR 2 faf S I [0 Webb f&1E (Webb et
al. » 1977, 1980, 1982) ] J& Iy iF & AH OG 12 il 53 3t
A RS A B A E RS (Baldocechi, 2003;
Lee, 1998; Massman et al. , 2002; Sun et al.,
1995; Van Dijk et al. » 2004; FHAREE, 2005; F
e, 2007),

EE, YT A Y DA BE T A2 7K 345 F
SN ARATIN: S R AA 25 D b 2 2 UL v BB =2 ] 1Y
RN St 7 OSSR FH O 1l <3 1 % 1Y 5Tk
(Baldocchi, 2003; Lee, 1998; Massman et al. ,
2002; Paw U et al. , 2000; Finnigan, 2006), i
FRT IR T, Al A A — A IR
JEAADRILL K Webb B TS CXIRARSE, 19915 &2
B, 2007, XIEEHI4S, 2007). Lee (1998) B
i 2 S v B R A g A X I 2R A
SREBARR VYRR w i, IR AR
YRRV €/ a T = NS ST = S = 4
W5 & &P (Finnigan, 1999; Lee, 1999), Lee
(0 5 1 2 T SR = e s v BT, T H TR

P-4 L HURE o DL R AR B i s Pt 5 B ol
TTHRII S 7, Paw U et al. (2000) #9522
H AR O R 8 5 1 %8 . Massman et al.
(2002) HIRAEMC B 45 0 T iy /e i
BB, H 307 78 b & Al KPR R R 3
. PRI I BB A A LR S AR T Y
AR

FEIE LI X 2% v, SR ) B A kSR
FHEL AR BB BE UL, H 2 W ] Paw U et al.
(2000) 475 Z& 0250 &5 A W J2 L b B A JBE UL
i Massman et al. (2002) )7 597 5 2 500,
K AE Massman et al. (2002) JFREIHEZR T, %
HE — S P R L0 R B4 AR o e BT
J% REAAEE BRI SCM RN E Y .

2 WRBEWRXTE

2.1 2X#ES
WS THREVE S AR R AR, R

eV BT ¢ Ry G T e

Ipe Jup.  dvp. | dupl  IVpl | dwp

at dx N dy + dx * dy * Jz S

(D
Hep, o BRYBREE, v, v, wE#ERKE, S
YR (R kg em e s ), FHE Y

oz JrAAR . B A BGHRE w i T, S
] P EE 0 Oy 05 RUEFR R K 58,
R S B R TG iTTRiry N et 2 (IR ORI AV S S L s
MR (D wffEfe R

9[0(. _Jdu . Jwp,
Jt +‘04£ dz

=S.. (2)



2 % BAF MUE S PR ARG R AR
No. 2 PENG Zhen, et al. A Study on Estimating the Contributions of Storage and Advection Term for . .. 115

[, X FTEAd s s A
Qo T T _

o oo O (3
BT R (2) FiopfE (3, n[fs
do. o oy  Jwoy . Jwo,
Jpc_p ey TWpr  Twp oy
It pa It dz dz

H— BB T2 S A E B A 0, BBy 2
(4 mrRAfR AR
Jdo. 0. J Jwo,
L& TPy T, (5)
dt Od Jdt dz
R TR dpa/ts FIFHBA MRS T
Py b P (6)
my n. RT
Hep, pRFHRSIE. T EFEYSE, REX
HEE o KR XA (6) Ky, A

o, aa";—<1+w>%g, %

Hr,
#%%,a:%.

¥ (O KA G K, 1
iﬁ+¢ﬁggﬁg+wl+wa>§%z]+%if—sm (8)
XF(8) =Ry R T B 0 E 1 4 i -
JT%@&%JT[#GZ13+<1huﬂ?2f}k+
wo. +wp. =F(.), D

Horp, Jife (9 WE 1 WURAFICT: 5 3 U
Pt EE R Y Tk A 4 IR AL ST R I A
KI5 2 E KPP I, A o b =8
UL Rt s el B TRk, T

=216, g=2~0.015,
m, Od
PR A A b SF- 9 50 11 3 i DT RAR /1N, S A0 Y

A,
2.2 YBEWRXFREZTRIE
A RAENCIR) I3, o AR 3l F 2, F
e BT 5L S A= | DS B = Vi e N R € e e B ]
TR
0= Jo, o.(n) —p. (1)
JU ﬁdz:‘%dz, (10)
Horp, T RoR 003 o I T RO 1 2 R 4 A3

FIr BT S Y E] R 5 mind . oo (1) FRoRWIG
2T o I SIFAME, T o0 G FIR ¢ 2]
YL o WITE VY9, A A B 1 40358
22 Paw U et al. (2000) Fl Finnigan (2006) [
W, 7ERT 1 d pymf RO RN, 50 A
RIGAHL s A7 I 38 5 ok E /b, (2 R
2 JE/ NI XA Y I A] RUBE . H 2 A1 52 ol D) 25 75
AEXTEZ T, JUHJETE H th H V% i it ], T
ISR EE A XG5 . G BE A DGR N, KA
FECAE AR AR B IR (8] i U — R 2 i
iR 55 1) BB, A I I 1Y) 3 i DT R A L AR
FEE TR %I EE AR
XPT R (9 530, MTESEElEd
0 B V- Y e EL EE AT LA ZBg I, AT LA Webb
BIETHR R (9 iR, 155
sz %‘?dz+ ij Eua g%“‘(l—f—/j 0)‘;:992] dz+

v

@fi?-#u+#g+k)W£‘+#au;f+2kw;}
=F(o) (1)
FYAEAE RGP AE R0 -1 3 B B i, 05 22
Z:7% Lee (1998) W J5 ¥ Al 0 1 18 o o JiE
T35 P ESF F-34) 2 32 1) 3k DR
PR (9 KI5 2 3, RISFRI, Bk
JEEST (3) Al

doa _ (- Ju_ Iwp
at @%J%&)’

BR. TEIBEWN R A H TENES
FRRLL N i i . O 1 AR DT R, AR SR
TR 0. R iRy e al Fe e
391___;4*QE
o O 927
RIS B e R A0 28 U B 7 AR R
5 (9 AL, GLEAKCSE SRR A 4 HO e A
FEAPIA: KRB FEIA R A X2 A
NIRRT VN BRI ARSI, 2]
AEATT R AU AR AR R B2 AL AT 5028 4 T
TAERWEE, B ESEER. KR
JCIN W) BT RE B ek BUA T LA, Rl BE. k0T
VNSRBI I B SR A AR A, sl
RTCHIRBUR L2 A . TS R AR TN 23 U

12)

(13



5 H & O R 14 %
116 Climatic and Environmental Research Vol. 14

AL . B LA UAR S AR BTN
Yy ST RE S B AT LASh . T2 5 5 G R A
HMRAEA R AR 51 T A IS T . # R R
Popop A= e T R AR 22 5 R s R A A
AT IAGE B R AR 210 AT BORE 2 AR R
FEJRMER UL, AR A R O A AR S
Z» ki At TAR A R . il T A
I AT P SRR R Pl AN BT AR K
FORIB AL A AT, P A T Jm v ROJBE B3
B A AR LG, MRS (A0 P 1) 4 o
BEWRICLIS.

3 MMNIEFALE R4

R T2 S R (9 45T
Xof i R RS B BT RR . AR SO T2 AR M Y
SRIEARL, RRORR N 3 d, o 1 412+
B b2 g — VL J5 VA 3 1 A 25 S 56 sl K A HE 1Y)
LI BE R}, AR SCIE MR Bk 2006 4 8 ] 5~7
H 3 53 1) it 308 2 ORI Ak, O o A RS 114 5
ZY7E 0.6 m, WL AN 5 43 S0l 2 = 4 7 R Y
(Model CSAT-3 Campbell, USA) FlFF [ H 5 1

PEEL AR KPR — CO, 43 BT (IRGA, Li7500, Li-
Cor Inc, USA), ke m g Huim 2.5 m,
AW s TR E R, B Uk CR % %,
2006, 2007), J3—HBER B A IX AR S
KANFZ B LA DL 98 SE 56, AR SCRE B A 2
2005 4F 9 J 22~24 H EZ3Euk 5 3 BRI i i il
FOULI Bkt 1220l A 00 = 4 4 P XU L (Model
CSAT-3 Campbell, USA) FITFFEA5H i 57 21 4P 7K
¥ — CO, 23 ¥4l (IRGA, Li7500, Li-Cor Inc,
USA) LM% m R fE g bl 12.0 mo A X H
T UE L X AR 4 5] KA T2 256 W L 95 1) 1
YA 28 WL SCHk GRS, 2006)

B TP S 1) T R A R P 3 R R
T VLT TR T3 00 A 2 S 6 3l 7K g U
BN RS I S B KR, T PR IE S IR
FEEEULIN A rh s 38 a0 1Y) BR IR T L Y 2 R TE B K
B, Ftt 25 mE. 3SR
FRGME I, I E R Webb & 1ETT5
GRS (1% V- 357 2 o R 1 3 A v mk. BRI O R
D) AGFEPTAS LI w57 fy 30 O L, anEl 1 5
Bl 2 P .

B 1450 T 2006 4F 8 A 5~7 H =L FJRFE

]. T
0 * EC
o
v
0sf ©
'Tm [
.‘E Odss
=1]
£
b
=
w —05
o
@]
— 10 -
p— 1.5 1 1 1
5 Aug 6 Aug

P T =TI I A st i S T s v 4% 3 A el
Adv AT, Flux 3205 8 = ik

7 Aug 8 Aug 9 Aug

Date

SRR . EC AR BE R C T, Webb f{ 3 Webb {2 IEIT. St A2,

Fig. 1 Contributions of terms of CO: fluxes over rice fields of Sanjiang plain. The stars represent the eddy covariance term, the circles ad-

vection, the Webb et al. (1980) correction, the inverted open triangles, the transient storage term, the diamonds, the advection term, and

the dotted line, the total flux
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