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Seasonal and Diurnal Variations of the Exchange of Water Vapor and CO,
Between the Land Surface and Atmosphere in the Semi-Arid Area
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Abstract Based on the eddy covariance (EC) observation from October 2002 to December 2003 over the semi-arid
area (44°25'N, 122°52'E, 184 m ASL) in Tongyu, Northeast China over the degraded grassland and the cropland
surface, the seasonal and diurnal variations of the exchange of the water vapor and CO; are investigated. Tongyu ob-

servation station is also one of the reference sites of the CEOP (Coordinated Enhanced Observing Period). Accord-
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ing to the soil volumetric water content in the surface soil layer, the wet and dry seasons in one year observation are
very distinct in the semi-arid area. So the annual cycle observation is divided into the two seasons. The wet season is
from June to September, while the other is the dry season. The main results are in the following.

1) The rainfall is strongly influenced by the land cover in the semi-arid area and has strong heterogeneity in the
wet season, especially during the convective weather system in summer.

2) The latent heat flux is larger over the cropland surface than that over degraded grassland surface in the
growing season, while in the dry season their difference is few. The sensible heat flux is the main part of the availa-
ble energy except that in the wet season in the semi-arid area. In the wet season the latent heat flux has the same or-
der as the sensible heat flux. The albedo over the cropland surface is less than that over the degraded grassland sur-
face in the wet season, while there is no distinct difference over the two land surfaces in the dry season. The net ra-
diation flux has seasonal variation, while in winter it is less than the half of that in summer. The soil heat flux at the
ground surface over the cropland surface is smaller than that over the degraded grassland surface in the wet season.
The available energy over the cropland surface is larger than that over the degraded grassland surface in the wet sea-
son, while in the dry season there is few difference.

3) The soil volumetric water content is less than 15% in the surface soil layer (0 - 20 cm) in the dry season. In
the wet season (growing season) the soil volumetric water content has a good correlation with the rainfall. The soil
volumetric water content has a rapid increase during the soil thawing period (from March to April).

4) The CO; flux is less than 0. 2 mg * m ? * s ! over two ecosystems except the growing season. During the
growing season, the carbon dioxide flux over the cropland ecosystem is a little larger than that over the degraded
grassland ecosystem.

Key words seasonal variations, water vapor flux, carbon dioxide flux, semi-arid area, eddy covariance

XS — PR R B 2 i 0
XMHJ, WA L
Ak

AT it 9t 3

5l
A 20 142 80 4EARLAE. AMTHEE 20 BLE)

LIU Hui—Zh1 et al. Seasonal and Diurnal Variations of the Exchange of Water Vapor and CO: ... 109

UI

RN ] 49 S5 R e e ) 2 Y

“E AR Z ST (s A A
TR AR ELAE P AR AU . R AR A i Y B
PE L 20 428 90 AEAR . BEZE IR Sh A SEH AR R ER
9 H 25 A IR BIARDCIE R Iz v T B
Fili A S R SRR 5 R AEIAY CO, L KR M fg i
o EAT. AT UL R, S8 U SRR 4 b T
SR A5 4 52 SO0 A T 3 i %) () 0 L 2 B0 5 4F
A ) b TR T 35 32 52 XU B ] 7 10 Euﬂﬂc 10}
K A 32 S5 XL e, A T 0 O R i R RS AT R
FEFR E I NIRIFE 4R

FEABR, FHIRShAL &30 T 5202 T St X 1
Al o AN I A S I S AR K ), AR
LS HAEM B BRI AE S R g, . T
T 0 2 T 2l DX o v Ao R A AR B 2 O i
5, 40 HEIFE fil IMGRASS'™ ; [H 48 8 f5 L Al i
FER I TH 3 [ 5 RS I T UL T
PSR AR TR B P I T R X IF R T T 5 X
SO AR RO S 56, $RAF T S TR
e R (LSS UM SR 7579 S S U

T | T B AT 9 A R LR T R [ A A
PR AR ML T T AR B 1S3 T .
R W NS 7/ U W R S < VAN Bl e £
T Fe N3 sl KL SE 3w o %0k T 2002 4F
10 AIEAE S FFIT IS0 . X 2 H FTER
[l b2 ot i 0 B 7 R H Y Ab s R S BN £ 1Y
Xt 4L ) 49 S5 A R e A e AR A A U S Y
B oS g .

N B AR U A A TR [ AL 7+ AL AR
PR PR 2 2 RIS A R A R DX 30 7 P
LR, CAMSCHITERM, AT sh 3 KL T7
TR AR EE A, H A AR
AR AT AR e A B RSO ) s
S BRI A AR AN R R A T R
S e A R AU ST UL, ARAT L T 1)
JURRER S R H . H L ZE AL, b
NI 3t R K5 5] X X RE 8 A1 K 20 26

GREMALEE, P R e i AR s Ty T
REPER, b5 R R B SR AR .



P 30 &

110 Chinese Journal of Atmospheric Sciences

Vol. 30

AL A LN 3ty Lk 4 A TR B R 4 BRI I
TSRS CCEOP) fy i 4", & CEOP 14
F1R) — A H T ORI o 3 . Xt 2R H AT AE
EAME—m B E A BT, A B R
Hb UL B v s . CEOP 3= 35 1ok 78 4> B ili Hbo A [7]
X3, R 2 KUK 5 7 A o R e ity o 25
TREBERE, ATl AR R DX 38K 43 R RE 2 3 R A
o DL Bl A 43RS R AR T X il
M- KAAH EAE T f# .

AT AR e ST BRI
LA TIEWIAE 2, EARAST P AF (103 22 b S A T
Al 2 ) O i L A o BRAMER MR . T W AR
BHfE At H ke Bt A R A A1 A RORRHK
RENAEW 7527 LA b, AR SCE B4 M CEOP-
EOP3 (45 3 s . = EOP1, EOP2 5256 %
FIPSLH A, 1F X% 22 s@ U 5 N EOP3 JF i)
WIIE] (2002 4F 10 J1 ~2003 4E 12 ), Hb< 71 fik
AW TR OKIR. COD MR & H AR L RAE

2 SLIGIAMANINES

T A A S0 LT S 56 3k 7 - 7 AR 1 3 T 3
i EH 4 2 AT BUH BN . S0 b B B Dy
(44°25'N, 122°52'E) , AbFE ISR EXGL T 3 51
PBOE IR, SERRER SRR 184 m, SEEG X B AR
WO, SEER KP4 RE K B 404, 3 mm, 1999 ~
2002 AEMAE K 5 R A 340 mm A4y, A JE
M TR KB A, g EE T RS
WA I RRAR G, IMEERA TR, Wk, B
AR . R Kb+ IRBES 1| b
P A 4 R R R g, IO
HL AHUR AL, Wil E, SR X HES A
s ATBIVER 2T 5 X A AR AL st A 25 R G
SE T PSRN A5, T A s (RIS 765 kmAE Ay .

S I H AL FE F- Y s i R oy
MMM AR AR B R LHERE . 508
JE AR M 2 () R B R . RN AR i
RGOS SCIRL14 ], FEPAS I 5 4% #5720 m
LT Z MM, 38 43T 522 m, 4 m,
8m. 12 m. 17 m) X3 (Metone, 034A-C) ., JEE
Y AL R (Vaisala, HMPA5C-L), LK 1 J2 K
LIRS (17 m, Metone, 014A-L) . Hi [ Wi I 42 45
IR (L0 Ah R . APOGEE, IRTSO-P) . X

FEFTRT T SO AL 1] b )R K PH R 5
(Kipp&ZONEN, CM21) & [ I, [ F K 3% %8 &+
(Kipp&ZONEN, CG4) , F5HU R 7EAR H AR fL 5
MR S Z T 1.5 m A 3.0 m S B b
[l A& 0~80 em(2 em. 5 cm. 10 ecm, 20 cm,
50 em, 80 em)6 JZ 1 HEIR B (STPO1-L50, 107-1)
P 0~80 ecm (5 ecm, 10 ecm., 20 cm. 40 cm,
80cm) 5 2 IR T K 5 (CS616-L) . R FH#AA
AR - PG ARSI S R LA R 5 em
S 10 em Ab 2 2 1Y 4 88 408 5 (HFPO1SC-L50)
FI AR R R R 2 s BG—IK, 10 min 45—
HIME - EEAFAE CR23X CRAEAR . it Y WL
IS8 P 7 XL R B A (CSATS) | J B il CO, fik
FX(LI-COR, CS7500) 20 i, M s . #ud. /K
RS COL T . i A AR LA FHFIR AL s
P L% TR 2.0 m & 3.0 m & I,
RAEAIF K 10 Hz, R CR5000 RAE &5 %AE, H
1G PCMCIA RA#f7. B 20 Kok, Frfa ek
P2 128 W ORBHREHL A G o BRASE 3 Bk L X
arkrie, PO Mt A DR S A e A, O
WL — HiELHAT.

AR ZAR H R ST . R i+
S ARFFRZEEY N EK, malik 1.8 m £
A B B ) S HGE A AR R R, S
WE KA 600 A, REREEEA BT
10 em, 7RG 7ET 28, SR EETE 5 em 245,
B T N A0 . T ah, IRfLE R
AL B St T SRR K A I
g5, HAT, Wi RE IR m Al X IR K
A AR AR, MR BT IEM M. R
1 Bl A S R I e A A - AR R K AT
SRIE— AR

NI GERE DA T AT AR > JCiEA T 00k 4%
il s RdAR A B A IR, B R ASE R A
FEAE IR S . Y i R S R A REAR
HORE S A BE 192 30 min, Jif it P58 8 BB R B
ANFEAS YA B AL /N 45°, CO, 3 1 A 35 SCHik
LIS JHEAT 1 /KR S RGE S 52 I (1T 1, CO, i i
5 E s (H TOUEVE S #R ISR i — 4R
etk 1E5 RN R (38 AR 10 KRR 4
PSR o AR SCATHIT i 70 30 5 SR 25 ph R sl A S
EX



1 XIRERG AR 2T 5t DX P I PR — 4 A Bl 1 1 H A2 Ak B ZE 578 4k
No. 1 LIU Hui-Zhi et al. Seasonal and Diurnal Variations of the Exchange of Water Vapor and CO: ... 111

3 YMERSHH

3.1 BERSRER

7 AR A ST XL 3l 4 XL s T A B A
AN TN BT 25 B EE RS O 5 km 225, P
I s O S HAZ B LI 39 I A L0 e
SUEALER — R AR G T (2003 424 H 16 H
~5 J1 16 H il FoRAE& IR R, FORMBRID 3
FBR TA HARAESN . AR W] A 2= ARk s A
ARFARAERE RS, 2000+ 2R
B, AR R SO N AP TEEH 6 HE 9
HUERZ . 7175, B BRMRA, BERER
/AN AT BRERT 20 A v UK B fEiR 2= FERT R
AARSR AR AE . IS [R) T ST A ) H R
AT IRAE 22RO, BRI ZE—Af . XAl g2
HIFREK . SEHIER AR, 52 T A [R] AR 25
RGUR VR - HFABERA 70 A1 57 ) J=y s 14 3 7K 73
fii o DRI, AR R R R /N ROBE 5 DS 9 X I
PERE K I R b A7 AEAR I R o

B2 25 B 2 m B 1.5 mo g
IR H AR L (2003 44 H 16 H~5 A 16

H b TR G Hh BURCRR . BORMBRIND . A B i
FARRER— K. B E H A5 1R 1k
B AR ] M) . MIE 2 AT RL R BIER T i, 1B Ak
TR 2 TR /N T 5 g/ke, IBALF M
TEAERFQRB S REN BT T, 1 ASA
YR N, 8 A A X IR EE B B ok, Al ik
16 g/kg DA b o 28046 X0 BEAE I 2 AT 2 A 25 1R
Ko MEEAZAFAEN] B A AR 215 AR

Mot A IR EAE 1 H iR/, 8 Hiok. B
FER HEZER TR, 5t D i == L E 119
FEREARK, B 60°C, FrLATEIZ M X HEA T 1% £L 11
RIS > 3o 2 e ZEORAR 7 o [ A 28 B 4 2
HAES AR B R . A RECRIELIN SR Y BT i

AT Hu T KR A AR RO AP H AL,
FAAEREE . — Bl R BAE K. B fE 23 [A]
FHESAHZEANE 5 km Ze A5 (9 [F] — DX IR A0 5 R
IS I 11T AT ) A o R VAN Vi | i T LT
(10 m &3 B A3 KU 9 225 AT ik 2 m/s DAL (8]
W) o X 32 R Tk X LA R A B bk
[Fi Fof 52 IR I3 ) A 52 S iR S 70 A1 37 Wi AR K
HATIR S8 (Y R HURFALE

1030

(a) = = = RH Cropland
1020 | ——— HiHh Grassland
1010
£
<= 1000} 3 .
],
990
980
970 . . " . . . R R . . . . , . .
10-01 10-31 11-30 12-30 01-29 02-28 03-30 04-29 05-29 06-28 07-28 08-27 09-26 10-26 11-25 12-25
H3H Date
30
(b) = = = /&M Cropland
——— HH Grassland
g
£
= 20
&
g
<
4
L)
=4
B
H
I A4 i

H#] Date

Bl 1 2002 4 10 F~2003 45 12 J W00 & F KGRI B4 FRASTE AL Ak
Fig. 1 The daily total rainfall and daily averaged pressure over two stations from Oct 2002 to Dec 2003
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Fig. 6 The annual course of daily average 2-cm, 5-cm and 10-cm soil temperature (units; “C) over the degraded grassland (a) and cropland

(b) from Oct 2002 to Dec 2003
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Fig. 7 The annual course of daily average soil volumetric water content (C) and daily total rainfall (R) for the surface layer (a) and the

deep layer (b) of cropland from Oct 2002 to Dec 2003 (30 min average)



