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Characteristics and driving factors of energy budget over a temperate desert

steppe in Inner Mongolia
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Abstract: The driving factors of water vapor and energy exchange over an Inner Mongolian temperate desert steppe
(Sunitezuoqi Temperate Desert Steppe Ecosystem Research Station) were investigated during the year of 2008, using eddy
covariance, biotic and environmental data. The results showed that diurnal variation of energy balance components ( net
radiation ( Rn) ; sensible heat flux (H) ; latent heat flux (LE) ; soil heat flux (G)) followed the expected single-peak
shape. During daylight hours, H/Rn > G/Rn > LE/Rn, and at night the ratio G/Rn dominated the energy balance. On a
daily basis, LE/Rn was relatively lower than H/Rn, even during the peak growth period. This energy partitioning could be
explained by the typical dry climate and low vegetation cover of the desert steppe. The values of daily Rn were affected by
the weather variation, especially during the rainy season when high day-to-day variation was observed. Energy balance

components showed different seasonal patterns. The maximum monthly totals of Rn, H, LE and G occurred in July, May,

ESME : [{KE R FRBTIE AR (973 THR) BB H (2006CB400502) 5 [ 5 i B AR IT 4 JE BRI (2006 AA107225) 5 [ 5% H AR B F
HH I H (90711001)

R H #:2009-10-13; 83T H#:2010-01-20

* B IAAE# Corresponding author. E-mail ; gszhou@ ibcas. ac. cn

http://www. ecologica. cn



5770 = R S 30 &

June and June, respectively. On an annual scale, H was 58% and LE was 26% of Rn. Annual evapotranspiration (190.3
mm) was higher than the annual precipitation (136.3 mm), and got close to the annual average precipitation (183.9
mm). The maximum daily evapotranspiration rate was 3.8 mm d ~'. As expected, G was a minor component of the annual
energy balance (1% ). Nevertheless, G was highly relevant on different time scales, acting as an " energy buffer" in the
energy balance, i.e. , the soil stored energy in the daytime and in the summer and released energy at night and in the
winter, respectively. Precipitation profoundly affected the water vapor and energy exchange over the steppe, mainly by
changing the soil water content (SWC). After precipitation events, the midday values of LE increased considerably, while
H showed the opposite. The variation of daily evapotranspiration rates followed closely the variation of SWC during the
growing season (from May 1% to October 15") , showing a direct relationship with SWC. On the daily scale, LE/Rn was
effected by SWC, saturation water vapor pressure deficit ( VPD), and leaf area index ( LAI) during the growing season.
Linear increase of LE/Rn with SWC and linear decrease of LE/Rn with VPD were observed. Additionally, quadratic curve
variation of LE/Rn with LAI was shown. It was also found a LAl threshold of 0.2 m’/m’. When the value of LAl was less
than 0.2 m’/m’, LE/Rn was driven by SWC alone; otherwise if LAI was more than 0.2 m’/m’, LE/Rn was co-driven by
SWC and LAI. Decoupling coefficient was applied to assess degree of the coupling between the desert steppe and the
atmosphere. Compared with other grassland ecosystems, the decoupling coefficient of this steppe was relative low (0.15 in
growing season). Nevertheless, results showed that LE was mainly controlled by Rn during the peak-growth stage, because
of the relatively high decoupling coefficient values. On the other hand, VPD was the main controlling factor during the early

and later growth stages, due to the relatively low decoupling coefficient values.

Key Words: temperate desert steppe; eddy covariance; energy budget; latent heat; decoupling coefficient
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970 m) . ZHXJE IR T T T RRAEE, F R 3. 2°C, A RMEIE -18.7 CT(1 AH), A ¥R
FARIR22. 1 C(7 Ahy) s 5EBMEKE 183.9 mm, Hr 5—9 A MK G 24ERK B2 85% . THRE Y
5, BRI AES +, LA 1.63 g/em’, (RHA YT R /INEF3E (Stipa lemenzii ) F1 25 4R 24 (Allium
polyrrhizum) , FEH: FF 7 To = 2 T B ( Cleistogenes squarrosa ) | ¥ 28, ( Allium mongolicum Regel ) . 3 45 38 JL
( Caragana stenophylla Pojark) \yK¥E( Agropyron cristatum (Linn. ) Gaertn) .~} E ( Carex duriuscula C. A. Mey. )
%,
1.2 5

ABFE R 2008 £E24R 1R BEAH R RGO BER I SRR RGN BER . PR EHXRE FE
AP CO,/H,0 43 #7{% (LI-7500, LI-COR Inc. , USA) I = 4 #f A JKj# % ( CSAT-3, Campbell Scientific
Inc. , USA) FIEIE KA #5 4H % ( CR5000 , Campbell Scientific Inc. , USA) , CO,/H,0 43715 =487 XY
W BED 2 m, SRAESIAR N 10 Hz, SEMERGEEH 1 B ZERA (014A, Campbell Scientific Inc. ,
USA) (575 BE 2 m) |1 A~ JRm] XU £ /825 (034 B, Met One Inc. , USA) (Y5 & BE 3. 4 m) |1 4R 558
#53(CNR-1, Kipp & Zonen, Netherlands) & 1 M&E A 48 515 825 (LI - 190SB, LI-COR Inc., USA) (Z¢%:
15 2. 4m BSGINEE X3 ) 1 4> B iR &1 (52203, RM Young Inc. , USA) (& E TR MIMBETIH 2 m
b ) A2 SRRV B2 ks (HMPASC, Vaisala, Finland) (735 Z22%64E 2 m 3.4 m 4b) 20 5, WD B G045 ML
SR P U] SR AR R B R R (RIS, I P 8 R B A% B 4% (1071, Campbell Scientific Inc. ,
USA) M5EHL T Scm i)+ 2R ; Al 357K 43 B 385 52 512 (CS616 , Campbell Scientific Inc. , USA) Jll E#1L T
10 cm +3E 57K & (soil water content, SWC) ; 1| FH Wi B 14 i & 4k ( HFPO1 , Hukeflux Inc. , Netherlands ) il 58
8 cm RALMY HIEHGE R, FMARER M DIEIA TR RFF RN 0.5 Hz, th H0dE R4 A (CR23X,
Campbell Scientific Inc. , USA) $#% 30 min HJ# KB 165 FE,

EHEWAERKZFEN(GS A1 H—10 A 15 B) ¥4 A e Zea 7 R EARTEE (1eaf area index, LAD) I, R
FIE N E AT B R B SS A 1 B e ALt LAT 0 SRJE K I8 LAT YORLEEAT B A1k di b, 15 25%
¢ H A P9 LAL YRt

1.3 FdEabr
JEHGE R (H) 5EPGER (LE) il am T2 .
H=pC, w' T’
LE=p\w'q’

K, p AEREE;C, BB B NERE R0 TR ¢ 705 R 7s 7 B X SR AR ) Bk
A

H 71 LE 2R3 B AR R G JEL A LI BEE , SR A /N R T R MR . B 56, % 30min /353 BEAH
56 R G B IR IA SN BCHR HEAT WA IR A AR BE % , HE ) H BE4T 8 75 BEIRITIE , 0 LE 64T WPL B1E ™, 16 B3l
b XEIREUR) H A LE JE4TFK R H\LE S8R, 353K Al “ 250085 (BUBPERUE N 4) TR EEHR . &
THEHRALIE 5 HIBR , A R S S BRI 75% o D T K FGE B B E] i 3h 2528k, TR A S RYIK |
POEEHAE . A, WERR HK R BRI T iS4 <2h MBIR B MEL M A > 2h mBIE Gk, 2
F LE .H 5% %4 5T ( photosynthetically active radiation, PAR) /i F17K Y5 2= (vapor pressure deficit, VPD)
MIXXR, R,
1.4 geEMAE

R T ERE R AR, FERIEATEENREE, HIAARHIEHER RS ORI T 0.08 m 4k
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fHE(G,) ™
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K, G RGE B RMAGH L IERGE R, 6N LI & C, h HIEIMAE & 0 T/00 Sy — & B[] [A] B
(1800s) Ky + IR E Ak ;d h+ /2R (0.08 m) ,
C,=p,Cy +6p,C,
A0, 0 I (1630 kg/m®) ;C, o0 HIE P (890 T kg™ k') ;0 24 SWC (m’/m’) ;p, H7K )55 B
(1000 kg/m*) ;C, 7K I HLH (4190 T kg ' K 7).,
TR TR ) B R A T 2 R Y
Rn-G=H+LE
KA R n @@t G o HIEHGE & H B HGE & LE G HGER ., @R, -G HAIFI R, H +
LE HERHER .
R FIfig & 45 L % (energy balance ratio, EBR) JITH B B A5 P SRR BE ™ . RBP4 L3R5 diiR BEAR
A B E B A A R AR (H + LE) SR FIFAREE (Rn - G) B LLAA -
Y (LE + H)
2 (Rn - G)
XoF PN S8y YR v U T e BB R S B ) A T AR 4R EBR B 0. 866 , 3% B IR B AH & R G W B4
HIRE R Pk %) 86.6% .
1.5 RERE
GRS Z AR A H R AT DU - R SRR A R R R M, K A e AR P A 5 RS
AR ABREET(Q) #RT.

_ Ay +1
_A/y +1+g,/8.
_ yLEg,
8 = A(Rn-G) +pc,g,VPD —LE(A +7)

EBR =

u -0.
8., = (uT+6 2u*067)

y =0.665 x10*

KX, Q HBHEE T2, WEERERE (n/s) ; g, WEKENNRE(n/s) 5y B TREFH(kPa/K) ;A
AR IRE A2 (kPa/K) 5p HaKE R (kg/m’) ;C, N SMAR (1013 T kg™ K1) 5u Jy 2m HHIK
B(m/s) su, HEERE (m/s) ;P I RKIE(KPa) o HHE Q8 DI JLAE LA FORRE A 5 & (1) K 4R
YR (2)RIHT (v, <0.2 m/s) ; B)KMA B RIESH (PAR <25 pmol m > s7')

2 GRS
2.1 KBRS

AERFREERREETEHSIEYNEEENHIE (B 1), BRI TH Rn 2HIERIA 335, 1
B IAE 12:00—12.:30, FHEWAERKZESEARKFELHAE EZR . Ro B HEEE N IEE B B [ FE A 7] 4 1 B 1A
AE,ERKZERS MM 8 A4 B EEF (6:00—7:00) ,JEEKZTR 2 A6 11 AHF5E (7:30—
8:30) ., —HZH Rn HIEMEA N AEM AR TN 17:00—18:00, MiEA:KZFH 16:00 £ 4, LE H
G RPN RN, (BW)E T Rno Rn LE H 1 G {4 /INis} 38 825 B 0 K AB 4091 686.5 W/m? (7 H 11
H,12:30).425.4 W/m*(6 A 2 H,13:30).319.0 W/m*(5 A 30 H,13:30) f1235.5 W/m*(6 H 30 H,
12:30) , B IAELERKZE,

WE IR RE R RN RS A R MR EIFERAREZR (B 1), BRKE 6 EFRIN H/Rn >
G/Rn>LE/Rn, AETER . B EMHE LN A 3 LE/Rn > G/Rn, K EIRER B E BN G/Rn > H/Rn >
LE/Rn,G/Rn 5 345, REK 6 ZRAE, R\MER [ RKIBEAE, BREWEERE, BESTH
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Fig.1 Diurnal variations of energy fluxes and energy partitioning in Inner Mongolia temperate desert steppe
R FMAH 2 7 16 H(E a,e) ;11 A 15 H(E d,h) ;A=K FRAHE 5 H 13 H(E b,f) .8 H 15 H (& c,g) (Rn HEHRIS; LE R
W HRPGE 6 TERGER)

H 3R (B Lle-h) ,LE/Rn BRI/ (EHGE 0) , B H L H & ATEZALHEIKR,9:00—14.:30 FHXF P43, IE
FHJE A T, BRBERS TRIEl . H/Rn 5 6/Rn A 9:00—15:30 B3 In&%, %EIH shHBK
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Fig.2 Seasonal variation of energy daily fluxes in Inner Mongolia temperate desert steppe

NS TR R 2EN H R 012 H0ERIARL (B 2) , Z /N ER SR, Rn 2 BUE IR 3
R RAETRZE R B A ER8 K. HRn BEBFE-1.8 Mm d" (12 H19H)—15.8 MIm2d™'(6 A
29 H)Z[E1AEfk, H,42d [ Rn FFAE A, FEAAEIEERKRZEN 112 Af. Rn KA N7 A4 (282.3
MI/m?) B ARMEAE 12 A4y, ifE(FE 1),

HE1 A%/N,5 ABHK, MARFE Rn B KM 7 ABy (£ 1), HHBKMEZES H23 H(7.9 M m ™
d)E/MERBIAE 12 H29 H(-0.1 MIm2d "), LEfKA 6 A%y, B/MNA 12 Af(F% 1), H LE H/h
EESE0(3 AS H, -0.009 M m2d ™) ;B AMEN.2 M m2d'(6 A12 H),HY4F 3.8 mm/d A3
R, C HEERRK B/MEAHR3.2MIm>d (6 H29 H).-3.7MIm>d (8 H9 H) ;G HREAHME
INKH BRI 6 AR 12 AR (F 1), G HEELE 5—8 A A i kFsoa i R £ B b IEE, HERK = &
BMEMAREEIGAE, £2FF 190d B 6 RI K HE(10—2 AHEik 89% KRB NHE) . &1 B
% H H/Rn >LE/Rn > G/Rn( Rn K 12 HBERSN) SR TN S B WAER BN,

2.2 WHSTECRTIAEE R B e

HHEAERKZ(S A1 H—10 7 15 B) BERERHT 4T, LUK LE IS5 R R, & 3—
B 5 arBlgh i T NS IR R R g A K2 H REER) SWCLAI F1 VPD 533y BL(LE/Rn) IR R . NI
R ) SO 500 e Bt v e A S T B S 0, 7 ST 2 BT 43513 BB SWC 1% (LAI 0.05 m®/m* 1 VPD 0.4 kPa 4}
Y%t LE/Rn #4773, LE/Rn 6 SWC 34K 2R s ( & 3) ,LE/Rn 6 VPD ¥ K T[A% (& 4) ,LE/Rn [
LAI BB R A8 b (B 5) , B 24 LA 35K (> 0.2 m®/m?) ,LE/Rn Fifi LAI 38 K360 5 24 LAT %5 /Nist
( <0.2 m*/m*) ,LE/Rn Fiff LAl 3§ K2 T F#a%, B4R, 5 LE/Rn W LAI 3 K T3 KA — B R — 3, X
A RES5 SWC AR %o HE—200HT, RIREHR B LA1 0.05 m*/m’® 2} 4%t SWC #4T T FH), B 5 B SWC 5
LAI th 2t “ R kK R, T B AR LS # S LE/Rn — LAI Zf R4 $E U —3. LAI 25 0.2 m’/m® B}, LE/Rn K
ZE I, T LA ) SWC AR ERARE (- S) 6
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*1 NEREHREEFRENAREEE SEXFERFHE
Table 1 Characteristics of monthly energy flux, partitioning and environmental factors in Inner Mongolia temperate desert steppe

Ay Rs Rn LE H ¢
Month /(MJ/m?) /(MJ/m?) /(MY/m?)  /(M/m?)  /(MM/m?) LE/Rn H/Rn
1 299.6 5.2 6.3 11.2 ~24.3 1.20 2.14
2 400.5 4.9 9.4 31.8 -5.6 0.22 0.74
3 517.2 124.6 16.6 9.1 10.6 0.13 0.74
4 642.9 188.3 46.4 119.1 2.9 0.25 0.63
5 711.8 229.8 60.0 159.6 15.8 0.26 0.69
6 703.0 272.3 90.7 113.0 27.4 0.33 0.42
7 741.5 282.3 79.3 118.1 25.6 0.28 0.42
8 696. 1 251.7 75.8 112.4 8.0 0.30 0.45
9 585.6 184.3 58.1 91.7 -1.3 0.32 0.50
10 433.3 78.4 13.4 71.5 -15.8 0.17 0.91
11 306.9 17.7 8.5 33.9 ~21.3 0.48 1.92
12 257.1 —4.7 1.7 15.8 ~27.4 ~0.36 -3.33
TR 0.28 0.58
Jt3f Sum 6295.5 1672.8 466.3 970. 1 14.7
Ay LA PPT SWC VPD
Month C/Rn A /(m?/m?) /mm /% /kPa
1 ~4.63 1.78 0 3.13 0.05
2 ~0.13 3.39 0 3.25 0.13
3 0.09 5.55 2.2 3.40 0.38
4 0.12 2.56 0.8 5.30 0.89
5 0.07 2.66 0.01 12.6 4.78 1.10
6 0.10 1.25 0.06 48.3 7.57 1.34
7 0.09 1.49 0.16 23.6 7.71 1.95
8 0.03 1.48 0.29 45.0 9.74 1.51
9 -0.01 1.58 0.26 2.7 8.90 0.94
10 -0.20 5.33 0.09 1.1 4.86 0.52
11 ~1.21 4.01 0 4.68 0.21
12 5.77 9.28 0 3.99 0.10
SEHJE Mean 0.01 2.08 0.18 5.61 0.76
F£3} Sum 136.3
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44E Rn J31672.8 MJ/m”, 5 K BH SR 5T 27% , 4 M- RS Leaf area index/(m*/m?)

KEMTARERE, HE R BRARMRIIL R o o memsm e k3 L5/ s AR RO
%50.58, S IMMHFHL(0.56) ™o S LE R 4663 5 4yt sotmmssstsost s (%)
MJ/m® A4 TF 190.3 mm ZEH, B & H T 2008 4Ef£/K  Fig. 5 Response of LE/Rn to leaf area index in Inner Mongolia
B(136.3 mm) , RN 5 ZEFHEK B (183.9  temperate desert steppe, and the relationship between soil water
mm) . LE/Rn i‘l 0.28, ﬁﬁ-ﬂﬁﬁﬁﬁ ( 0. 26) [14] , 1E content and leaf area index during growing season (on clear days)
T-Hi g C3/C4 ELJE (0. 45) [12] L4 G K 14.7 MY/ ¥ LE/Rn K+ 388 /K804 0. 05m®/m? MBS B AT 4 413

2 e N SR Ay D RBEE R LA R, MR 320 TE T TR B s LA it
' HAGEETM. C/Rn 5 0. 00 AXTRENR, S oy ) meamgrne, SWC Lk AL ot B
C3/C4 FREE R T S8 %5 5 A 43 (0. 05) 1Y
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RREB 22
3.2 BRI K AT 15 0R

REAAL, R KGERRAERARE R T K HGE B3, 728 A 4—15 B A E— KL
IR K2 (16.6 mm [#7K) ,8 H 7.9.11.12 HA MK, i 8 A 9 HFF/KIL 16 mm, [ 2008 4E4ERE K &
12% . MFE/KRTIEX HLRF , Mk B AR WA B2 B H/Rn.G/Rn il LE/Rn AR A/ (& 6b,d) , SR T, &
IKJE B REK AT LE W (BB 386K, T H VBRI (& 6a,c) . 32 BN, FE/KIG LE/Rn 34K H/Rn WA ;
G/Rn B B 2[R, MK SWC FHE (£ 2) , LA, S B LE 3K, H AR/ XMk
REFE 6—8 A BB NIRE,
R2 BAREANENRGETREAEFEEEESHEILLE

Table 2 Comparison between before and after precipitation events in energy fluxes and partitioning characteristics in Inner Mongolia temperate

desert steppe

BBt HH# PPT swc Rn LE H

Time period Day /mm /% /(MIm=2d"') /(MJm~2d7') /(MJm~2d"!)
W&k Before PPT 8 H4—6 H 0 4,32 7.46 0.69 4.88
WeKJG After PPT 8 H13—15H 0 11.18 9.58 2.81 3.96
fj\i period qu G/(MJm™2d°1) LE/Rn H/Rn G/Rn B
W&k Before PPT 8 H4—6 H 1.30 0.09 0.65 0.17 7.07
WeKJG After PPT 8 H13—15H 0.58 0.29 0.41 0.06 1.41

PPT WK 8 s R S RM s LE S H 18 6 13l & SWC Oy 133K &8 AL

B 7 BT, H BRI E LB SR EE X, T, EKBHEBRES S SWC Biiath—8, HE
BRBEE SWC FE i K, g SWC R, SWC M 16.0% (DOY 181) Jgi/> %] 6.8% (DOY 192) , HZE
BERN AR HM 2. 8 mm/d(DOY 181) fEKF] 0. 7 mm/d(DOY 192) (H.A DOY 180 A 18.9 mm [§/K) ., N
TR B A ok A 26808 3.8 mm/d, BB T3y L AU B (2. 8 mm/d) ' R EL4R b i C3/C4
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