e L AR5 B B oW R Vol.7 MNo.3
2002 % 9 A Climatic and Environmental Research Sept. 2002

NREFTEERESEYR
THEMSKRAEHE
& i A s 7k 1= 4
EH HAT W JEHAR

CRE MR REN S RENRM. dm 100101)

5

bop

wE WG 1998 £ 5~8 R A 1999 4F § AEPEMERARE S EEES&R AR
HETHSSWMMENY, FEIWTIEERERTARES I RMEARE. FREH:
) EstABEEAARER TR, S~6 A6, MEREHS A THHEZ
o, MW EHETHRER, S~8 AHMEETHMSRE 1260 142, 0.41 1 0.20,
(2) WFel, b @ ERSFIER B, SRR R TRAE, WA KM EE, (3]
YIRS A 6 o L 1 5 T A 2 5 TSI PR B B AR B . T & T4 /s [5T 2
A, MR FERBARESAERNERATYISWEA., (4) FTRAFRCO,HREENE
BB, EAKIES. K CO, BRBEAMXT [Smps' m™ Ll L, E&EKGH.
1998 ££4] 1999 4F 8§ AMMAKX CO, ARBES M F 038 mgs ' m M 02megs'm’ &
H HERSTHISKSMBYEKESH X

KRR BAE; MR COMME: TR BRI
1 By

ARSEER, MRS EH R FRANMNEE. B EHEREK, &
THERASTRRHCSM EEMESRRER VLK E RN, -2 Hr 6
B. KAHPE (KK SHRHEN S0 5. EAT RSN F i EE
—~AEEMO. ATE MRS T BE KA RE. 5 0] 0 AT E f
AFREEMBERN AN ARBIEYHN A EEFATS. HACLHBHETIFS
BMip M, MR EE. BESBE. REMXE RORE-HEUE
%, hEHERLERSE S FRT RSB ER FREN R R
5T, EERATEERETRERE ™Y B/NEETHR T & SRar il cHwm R
e FL R Ik 2 UL % 5 4 A,

HESETRESEFREREEEN BRIV ER., SERBER LRy LS
FRRMEM. ATHIZMRAER. ASMYMA (AT BER CO,) LHRIFEMR -2
WART, PRER RS SRR TN R KB T 1998 4 5~8 5 #1999

2000—-10-13 W F|, 2001-07-16 W I FF o N

* ERERREEE TS H 4979002050 b [ B 5 0 8 B F L S IRET A AT AR 805 B CXI0G 00—
05—02 $£ 7 YE Al

il




152 L U R 2 A 1 T

8 Hbd). Terp R R L0050 A s B0 (i % it P M ] [ (W] B HE Sall A7 17 B 24 )
EIENECEIRI . AT i B B RS A TSN T ik TR AR I LR
T ERIRE AR S ASORRIBUM BIR PRl S b iz KR RE R, K Ar M
B (CO,) A Ay B AR,

2 RIBS5FH%

2.1 E3tb-3EE@-F#5% (BREB)
RIBERE FHMEREY 8E, FRWERTE7 Bl RE RN FER

R,= H+ LE+ G, (1)
H= pe, knAr/ Az, (2)
LE= (17 3)pc, kyAe £ Az, 3)

Afh, R RENYH:, FEELEE, CRTEHUAR, LEEHHRER. Hb L&
KATRIL . FREER: o Mo, AR RASIEEMER K, » HTBIREL Ly
ko 4r 9 RS U i LR Ar AeHIAZA B E A B REE £, KK

REMEEE. ¥ (2) X5 (3) XM HF0ZL = b, BB (ERGERS
PG Z ) AT RIAR I T R
f= H/ LE=7At/ Ac. (4)
MEEATERAEMESSBE. S SHECHTR., X XRANTIER:
B=[(t+ s/ A, / At— 1], (5)

. Ar, CHIBEREEES, s RBHTE(,, + (a7 20THF K UE fl 25 R R B 1k A
MO0s) RFarEY, BXHEATFET TR ATNE ST AE L Bk

LHBRBERTE. MBETES 5 HHLERAT LA RE T R 5

LE= (R, ~ G)/ {1+ p), 6)

H= B(R,— G)/ (1+ B, (7)

22 REMRXE (EC)

E M 2 1 B A 0 SE AT LR B R DR T O TR R HE R B AR
%% SwinbankfF 1951 F KM TREMXEL, H1 F 40HEAR S T HEE.
R (A R g NI SR IR B A RS, BT DA % e B AR A BT O TR R B
k. HHTEMEERENRERANAELRE, BATELER LB KR EyE
B tREUER Y FUS R, X %7 iR R TR SRR AR, IR AR A A
HEANNEEATEARBOREF®2—. ESEAHERRBHEMG Y RN F
AUl BRI IEIE, A A B R HGE B A R

BRBEREXHYHEL, ELPAHEEMBREERET. FERtt SHE
BT 00325 50 B ] PR AR R

F.o=w's' (8)



il HHOARS g TR A RE R BRI R OB G T 353

X E v TR B MR, AR S RIKE R, AR R TE R — ]
MR R T AT B S S al LR ATER - DB, IRl SE A £ 19 4 B ALk
AT e CINEE), REBSIENSHEENBRNETFEHZE (BRI
). B R R TR A AR IR AT . BUE AR, A e LUE R T
H MLEM T AR

H= pc, w7, (9)
LE= pLuw'y’, (10)
Feo, = (AP 7 Tw'e, (1

MR 7T g CBRRE. IR CO RN BKEIT. A REE. PRIUTUE H
il 75 53 B 4 B B S R

3 ihtth (XEEFAMMTTE

HEMAERNSECPEEFRENE N ERESREEMTRE (43733N,
116°47°E, 1300 m) §9A8H FiEATRY. %MW B b ST 508, ot B [F B 480 & 504t
beodehr. MMBHM T4 e BREEGHHFMSESE, LARHERCREHGHE
FATIE . 1998 £ 1999 SERY KRS RBE KB AN R, 1998 £RELME, Kl
BXB&ED, 1999 F£RXTRVWE. BBEMOMER, FERMEES~8 AHME
F B 1] (AT

EAL R EEREE TH—E LM ERRRER RN R FHTaENE
TS RHER LRAGEER. PUEREIFMELCE XK. i ER R
PR 5 SRR BT BT R Y X TR R RO B RS BR OLB M Rz =, BRANE M
WHER00ST, SHEROOIC, HFEWMEESHE/RTLIOSm A L7 m, i
WHERTETER 2m, HRDEMGEREIERERES | om. EWMRERE R
£, B ISs RE-HEIE. 45 min AFEH 4 E RRAERERA KB R —
Y.

T8I AR e BRI o A8 LG ot R R KA, AR R SRS
¥l e 5 A THRENE & EMRKNEBYE, =SFKREERRM CO,
WEMMKGE. XSERER TR AKMME, HEA Sm, HRBRENN2
m. FREEMER. AN EEE R RREITHERE. REWER 20Hz/ #if.
R 10 min i — AT HE.

4 GBR5FH

4.1 EERFEESBIEHAETH

la fl 1b 435 1998 £ 5 H 30 HAT 1998 47 A 25 H A X H—RE R T# ik
MM R R B H SR, LRFEETUEL, HEAHSE AT
K, HEHENE BNGEENBRAGERMM 2R, EYES Afh H T LR T,




354

S A S A 7 14 7%

ARBE/ (Wm™)

ERERE S (Wm™)

AR BrLL BHAE B R
S MTEMH: AT A
. b T AT K, 1§
BKST ST Sy, HERTI A
WMEXR#EE, ARET

SRR E LS Rl
Frar i,
i S0 Lk A e B ) 5 M 1 89
5 7 g u 3 s v KHMRINLEITEEE R 4
wiIE] /b WEIET, EEMRE LAl

MR e ak EIER) IR AR
B 2 R AR R
BB L ELTE 199% £ 5 A 22
AU RAY B L. 7EH
HAH&EAE., #HES4TiE
MR, IR, BT 0,
W HALEH#A T 0%k iR
A R EHAA AR ER

Bt/ h FaE, HEHFCIMLE K2
F BT ECFIAR AN AT RN R
EOGERTaS R HER wREmAA, ARKEILE

() 1998345 H30H: (b) 1998 F7H25 0 ﬁﬁ-_‘ }:ﬁ BRER jf?ﬁ(ﬁ"]h;’ﬂ{]

—o—BR_br
—&— BR —ec

W

Py 18
8 10 12 14 16

-1 84 / b

2 FfhH BRI BRI (1998 5 22 H)
BR__by Ml BR  ec 4r SR FMCGE A MREM LB BS ot

WL RREMR LT &R ERED. HOARERERERMARN. W%
SIETE—FHERE. B 1998 5 A 30 HMgH 48R, Mk XIb—te8 Ty &b
B E XA RKK AN 0583, MAREHLFEGERNA 0981, AI&EkNoH
B 60% AT, HE TR TR,
42 HEBRFHBSEBINBEILIHELEL

AT A iEME R T4 A RERA — AEANN R BREB ik MM
Eok, LldRf, WETESHE (AX) BETESSBYANERE. BIEH




iy AT A 1 R BRI R T R U A T 355

LEFIR, 1) H Y38 % b % 47

BULMWR. bR o B
K. BRI R AEL. B A
HENTHRTUEHENE  w

BRI B AR TR R 200

s mpsmmsmas 5o YV v T A AT
G5, P AR BT R ’ e ’
H ¥ & K64 81 % 497

Wm™, 436 Wm™ F 343 B3 fERAEMH SR E AN S EL (1998 5~8 )

Wm, EHEEARNI4AWN L 20WmT M 145 Wm L

F 4 ERESANBLGER HHEE (/) S5E%3AGEE HERELE)Z it
FHH 8 b ET R A, AER el LS, 7F5~6 N{n. AT T
T HP G RHFIELL SR, SLEATFR—BR. IWE X HRBLEW 1~3 & WET
Bink 8 Afy. HTHLE KA, THEmEEHE HRENKML AL, I
R AEE A BES AR IITE TGS 1998 £ 5~8 A0 H i X HLFHE S B A
1.26, 1.42. 0.41 #0.20,

3n ]
0 “QS ﬂ H F , ﬂ BEEQM.M njjanm

R
B4 HuEsctH - LEAME TR ER (1998 £5~3 A)

4.3 TR RaE RiLE
MF RS, MR MRS 2 A ERE, BH YRR R R
SR BRI W S PR B T iR, AT BEAT — AR RS, RS R ik 2 Al
REEE—FMIRE, AHEETESL. WM TELAANL B RRIEEN
KW —#t 4 BREB i MMBIMR, — GR(H+ LEY,. 5RRMEAR KK SR 6
BAHSEPGER 2 AH+ LE), 280 BAE. MESTLEL. wifykBaKeg
BB ECEE, (MR BB RIS AGTE 1] SR WM, ARIEATA B ROMMEER, =]
Z B 2R R ) A A
Y= 08684X+ 157, (12)

P Y ARBEEEEMENH+ LE)y. X HARXHERBEMNR, - GH(H+




356 o YO ok R 7

LE), . WEZERR =0.7753. MHAK =106
P 6 RARIEF @A L 20 p s Pud B L ERr e MIA B0 B, RIEE D L o
WA, Mk X E MBI LE,, L AREH R ERNGHNLE, BX. Wi
RGN LR R T R R
Y= 06535— 23.1. (13)
AP Y ARWEHEFENENSIGERLE, . X BT W7 M E 0T i &
LEy ., MEEKR =0751, BAHERE 1=1062.

600 0.653x+ 23,1
- 3 »=0.633x .
00T 8eB4 x+ 15.74 7
R'= 07753
T * T 400
£ e £
% o0 =
400 ~
@ =200
.
E .
0| s . M OFBRRREN Savon 2t
a 200 800 0 200 400 00
R,— G/{Wm™) LE, /(Wm™)
E 5 M ECHAGME+ LE)SH BREB Jris M6 A BREB M1 EC Bfh 2 it 100 il it
MR, - CIZ I (1998 F5~8 H) Btz (1998 4 5~ H)

PR EMFEFEEE S, TREEEEU FILTE: 1) UL R 3
sk, RN AL 200 m A4 RBALE S (LT AR SRR, TETT
KRBT, ATAE SRS 4 RIS 3. 2) ST i — MBI B s
AEMERERNESREGRYS. HES EENSEHETHE, XM 64 R
#3) (A BIWIR A, RIEBRNGX N, & R SR A e A
B KRR RTINS R N%ER, RITRAN FREELNS
N EFFIRBH A, BN RN IR E R L. A
b e A0S BE M FURIRIAG A, ik S (] B0 ) O R B AT R T 50U 30 2 A0 i) 77 325 0 A W 4
i#.

44 CO,ERHBETH

ML TE, CO, XMMBSEMELZRANNEN. dEERE, —£&
Bl g i #  CO, MR E Fik BT B BT, B FEBERTH CO, MkEHE
HMAEBK, TRl MERENBHRERS. Ho=ERAmigs. SR #®I1] -
HIEMREME N EHEENE CO, AR, mMTUSMESSLLHFANER. L0l
ZRURFHAN, B CO, MIEHm T —EFEE. R, NNkl T
PR, K B A L A A 34

FE 7a FIFE 7b 5rFIR 1998 £ 5 F 30 A1 1999 4 8 J§ 20 B CO, & A %Lty
M. L1998 4ES B 22 H, BEMiaTHKIEE AXMN COERTREEL. KHE




R ] HATARE Rl LSRR A e R LR T 357

, (b}
[[ (u) 038

-0.4

CO,ifk/ (mgs” m7)
i
CO, @R/ (mgsim™)
=]

T &1 15 m 0 4 3 TP L
B4/ h S/ h

Bl 7 COs g hite H &
Cad 1998 4-S H3I0H: (b} 1999 F 8 200

EF THEHRFHAREGHEN. COME M F: £ 10~ 4 M A RIERIERR
HHIR) -3 3B A %) 1.5 mes ' m ™ fE FAF 19 I 4400 & FIPE R 4R 35 . Gl {fAE O
BT TG B T PRoR Mk B L. M A4S 5 B0y 1999 & &
F20 B, WRHREHE B BN BTN, HEF 0 2mes m™ 44
Wi, FWHEN E B —EROCE IR, (Ui TR E AL R, DFLUA
o, HE9EB—HOHR. BT 1998 FRIEAFE EHRASE CO, MEREEEL
1999 Sk, HIE 1998 4 8 AMINEHILEEBHRITE, HAXTHEREY 038
mgs' m”7 LA, {EHFRMEE LSS, MM SRS, X0 Y
CO, M WE 5 T EERHRN MK BE - W ER.

5 ¥ig4ie

BB ERIBE RS, RO HL FILEERL

(1) P77 LR B ) Tt O B se e B I AT B B AR . 3
FTEETVHREKINERGEHA, 5~8 AR HESTHSHA 1.26, 1.42. 041 1
0.20.

(2) HEXHATHEBHIEL. £ KP, RBEECAOTREE AOXELEREL
teftisg/s. A BERB 773t SL04 B 50000 HI R B A G B0 FE(E R 60% A .

(3) WEMEATERMRERSSMER M SRR ATELEE /Y
15%, IR X MM MGERE A BREB T kit EHHE D 3S% AR, HikE
RUR EEE WA, (LA ANy R A S A R,

(4) CO, HEHHEN AT, EEKUES, LERAVEMEMLESR HARK
WEBEET S mes™ mTy BAFEREUE KA, B KRR A ERSE. 1998 4R
1999 £ 8 AMIIEK CO, HRBEFHNH 038 mgs ' m  M02mgs ' m™ Ay, H
£ RSk LK B G k.




15y LR S B < I S T S T &

# £ X W

IR M. AR SRR I GE L YR T R OE, PIEIAE (DS | 1996, 2604, 359~ 364

TR PR R S AU KA WA, R SORWAEH. 1w,

diftdh. T TR RV BT R A B S LysimeterfTH 8, RUIKEMIE. Jbawt: “v@lliiid.

1991, 71~ 79,

4 flHEHE RifE. SR A SRR ARG RO A R O M I S, R A R R i
A, 1995, 604), 44~ 47,

SOFPIREL. A E. BMORH. B AAGRR RS AT D E R BT . AR CURMAR
1493, 346~ 354).

6 Swinbank, W C., The measurement of vertical transters of heal and water vapor by eddies in the lower atmos
phere, J. Wereor, 1951, 8, 135~ 145,

7M. MRS A T E R R R TR, PRl R . de SOl
AL 1993, 18~ 25,

8 Blad, B. L and N, J. Rosenberg, Lysimetric culibrution ol the Howen Rutio—kneryy Balunce methad o)

wora e

eviapolranspiation, Jowraal of Applicd Meicorolugy, 1974, 13, 227-- 230,

Y Steduto. P.ound T. € Hswo, Muwge canepies under two soil water regimes. Vahdily ot Bowen Raup~Energy
Balance technique for measuring water vapor and carban dioxide fluxes wl 5—nun intervals, Agricidorad etied
Forest Meteoralogy. 1998, 89, 215~ 228,

10 Neumunn, H H,, (i den Harlog and K. M. Kmng cl. al. Energy budget measurements using eddy correlation
and Bowen Ratio lechnigues al the Kinosheo Luke 1ower site during the Northern Wetlands Study, Jeirined of
Geographical Reseavch, 1994, 99, 1539~ 1549,

The Estimate of Energy and Mass Exchanges in Inner Mongelia
Semi—Arid Grassland Using Micrometeorological Methods

Zhu Zhilin, Sun Xiaomin, Zhang Renhua, Tang Xinzai,
SuHongbo, and Tang Denyin
(nstitute of Geographical Scienees und Natwral Resourees Reseatcl,

Chinese Acadesty af Sciences, Beifing 100101)

Abstract In order to study the energy, water and CO, status of Semi—And Grassland, some
micrometeorological methods were employed to measure at the Inner Mongolia Grassland Research
Station, Chinese Academy of Sciences, from May to Augusl, 1998 and in August. 1999, The main
methods were Eddy Correlation (ECY and Bowen Rutio—Energy Bulance (BREB). Based on the data.
authors analyzed the basic characteristics of encrgy balunce components in the arca. Mcanwhile, the re-
sults meusured by the two methods were compared with each other, It shows that: (1) In 199%, the most
of net radiation was used to the sensible exchange in May and June, and was used to latent exchange in
July and August, the mean Bowen—Ratio for May, lune, July, and August were 1.26, 1.42, 0,41, and
0.2, respectively. {2) During the observations, the diurnal variation characteristic of Bowen Ratio was
bigger und unsteady at the sunrise and sunset, smaller and steady mn the remainder of a daytime, (3) The
sum of sensible and latent heat fluxes density measured by EC method was smaller than that by BREB
method, (4) CQ, flux density has an obvious diurnal change, in daytime of the growing stage. the mux-
imum of CO, flux density were more than about 1.5 mg s ' m . and in the late of growing stage (in Au
gust), the average of €O, flux density wis about 0.38 mgs™' m™ and 0.2 mgs 'm™ in 1998 and n
1999, respectively. The differences are related to the soil moisture and growing stutus of grassland,

Key words: sensible heat flux: latent heat flux: CO, flux: micrometeorological method: semi—arid
grassland




