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Abstract

In order to understand the driving mechanism of long-term changes in semi-arid land-surface
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energy distribution and Biophysical control of evapotranspiration on the Loess Plateau of China,
this paper uses the observations from May 2006 to December 2012. By analyzing the monthly and
annual variation characteristics of the main energy components (net radiation, surface soil heat
flux, sensible heat flux, latent heat flux and bowen ratio) during the research period, and the in-
fluence of climate and biological factors (vegetation index NDVI and stomatal conductivity), the
results indicate that: (1) Surface energy varies with the season, and both sensible heat and latent
heat are high in spring and low in autumn. The value of Bowen ratio is larger in winter, because
the growth rate of sensible heat in winter is greater than that of latent heat. (2) The variation of
various meteorological elements in the semi-arid grassland ecosystem is obviously seasonal, large
in summer and small in winter. Net radiation changes with seasonal fluctuations; soil water con-
tent is large in summer and small in winter, the fluctuation is relatively small; air humidity is high
in summer and low in winter, but changes very quickly with no obvious rules; the air temperature
fluctuates, the maximum value is almost constant, and the minimum value fluctuates; soil temper-
ature is very similar to air temperature. (3) The four variables of radiation, temperature, soil tem-
perature and wind speed showed a weak positive correlation with the Bowen ratio; humidity and
Bowen ratio showed a strong negative correlation; soil water content and Bowen ratio showed a
weak negative correlation. (4) Vegetation index and stomatal conductance are negatively correlated
with the Bowen ratio, which decreases with the increase. (5) The path coefficients of the influence
of various meteorological elements and biological factors on the Bowen ratio differ. The net radia-
tion has the greatest positive effect on Bowen ratio, followed by soil temperature and ground wind
speed, and the air humidity has the greatest negative effect on Bowen ratio, followed by stomatal
conductance.
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1. 5|15

T 5 ) R AT RV, T B AR AN E ZOE B R EUR[ 1], JTAER,  BEAE R BRAR W R (1) 2 Fh
AR, MR R IR 2 Tk, TR EARES. EhE, TRAETRHLIX Y SR
AR =70 2 —LL E[2]. SHAR TR, T5/25T 21 DO SRS A0 1) i B8 28 59 Bk, 1
BXEKFERZ . AR DRSS — RPIAEG )@, % 5 R0 33X L b XA B A A A B A
LU RS R . P EA RPN BRI, R LR, REACTTHIX, JCH R T R
AR TR BIFFLR, CB RIRA R R B E UK M EIA IR TS L K E R DL R
KAV A AR T UK 3] A4h, BT RRHGRBONMESS AR S X, X AEIES T+ BUk, RIRK
A THTIRES 5 R N AN G B R AR P2 AR 3 52 B jE M

TR R TFRAESRGE - HZBNAGE, KTFR BTRRREE 00T, Eitag 90 F4UE
5 RSB e FF 1 2 52 X i 1h0 K S0ME B AR FOUEI T K1l (Semi-Arid Land-Surface-Atmosphere Project,
SALSA), XS5 DA 52 XS e &~ ARG E A E I RIS 2 —, BT TV 2 R [4].
Rana I Katerji 045 [ BRI Hb A =005 T Fifi AR 25 5 G0 28 BRI 2 A0S B 5]

21 22 IF R EBEX-2000 50 L [ EF ) 1 32 i & 147 ) gk 47 WA 72 6] [7]. HATRE, L
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e - MW - KA A RE B AE AT R 70 20 T N 3 R 3R B S AN ST 1 3 R IR 22— (8]

2007~2008 4 Hao S5 F PR A (1] [EDOLI Kt #F9T 1 T R E R gt B AR T 59 RAE
b, EHEERER AL PR AHLE K /AL AR PIAHIE[9]. 2008 4 Ryu Y A 5L 1 INAI4RE JE T
by RS AR ) — AR R T 2K R R EE = 1A PR AR R BE F1[10]. 2009 4E T F ARG EHFA
TR R P B e R R AR A R G S R R UM AR, HE H RO R A o 7
VBl B RN, 2B K A R T B 3R e B e MR 2]

TAER, FIFIRNE D 7 ZH ARG A 2 RAEILEMIRT R, Hhig X, SlmErK
BR, AR R R AT T KRR R T REE M AT A[11]. ESEEREGT, TR
X 52 BB AR TR0 B AN b A B R [ 12] [13]. B HoAth 2 25 2R 48 56 25 5 52 313X Rl A8 Ak, 1) 5
W[ 14]. SERTAIREFE R, MR HUIK T BRE R, 28802 213FLSE(Gs) R ZUEZ M [12] [13] [15] [16].
Ak, BRI ZEBOEE SRS EA G, M H B AKX B K AR A AR BB [17] [18], ¥
T 5 B 1) 2K B SOZAF A B8, Fir DAEA 358 2% e X 28 H0 P 52 e I AL 288 2R R0 AR 455 2% A1 i AR A0 AR
K[17][19][20].

FE M, DXIRAN A Bk RUBE b, B3R5 KA TR it 28 T ) A 5228 e A KPR S e 2 Hh Bk LS R 4t
HERIKSHE E[11] [21] (Pielke, 2001; Ryu ef al., 2008). T 54 [X B i A= 25 52 45 H 35 1) 25 BUEE 46 b
REE EFBEHERKERIE, HREH AN RE LMEmARNHEFAEER, AERESR
90 th 3 Z8 B B A R K AN 57, B IROKIAEBRAR AL o B FE P 5 X R A0 o B e i 7R,
X HE— 2 T AR XIS R S0 Re AP AR BE DA RS AR A I R A AR K Bh[22]. BRIk, e kT
SR S ) R EE R R R T M TR T R X AR A S AR R A R MR A
MM, TR, R 5 2 A7 B 7K IR I8k 20 R0 25 0 P 1 2 A T ] 52 T~ 572 20 M 179 R o 90 T 2 28 T 4R
=W [11],

ARt £ 2006 4 5 H 2 2012 4 12 H BOWIEGE, 158 7 s R R A I AR K - R
HEOEGERS . R PIERGEE, BAGEE . BHREEMBECCH)M A . FRRHE, &I SS M4
IR F (M 76 2 NDVI AL ) A

2. EREF®
2.1. AREXEER

AW 7T BN B i R T R AR AR AR AR AT T o B LR — AN AR,
TR WE, HOFRAT BRI, SRR AR LR [ 14] [23]. PERETREE EEEBXNZNMES RS
2 2 BIHOK IR, ReRRTERARFIYIE, MPEEEZ IR R0 m[24] . ASCUU s SRR
S0 v 2 R, B R (55 i sk A OO R o A R B TR A R, RSN,
bR PR R, KX RS s B, R TR KRR AR, ARSI, R
M. EFTE, BERMREW, KEHE, LFEATE. FFWRIE 9C, BFMLENSELL
K, HEBERZERE 10CLEH,

2.2. FERHES

AR SC T G ok i 2006 4F 5 OH 322012 4F 12 A I ZERL, s, B, H R
B, BEE, HIESUKE, TR UKL KGR . AR E AR 30 A # i —Ik, MANHA 1500 A4
Bd. BTN R ZEA T R, HEESIMEARZ, AL A R HERR A SIME & AR 2
AR SCE VIR P A 2 R HE s R, R TR SR EREEREANS, RERHELEE
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fea

BHE

AR, X ERINME, FZEAE A AN LARE AP DR AR S A 00 (Ot 15 2 SERF 5 2 L1 0 A 28
FE3R 2006 AFHAEFIMER, T 2006 F6kD> 10 20 3. 4 AREEE, REGHFEAR -,
At 6 S5 X BLA A (KPS ERARES , 75 2 BE R X i -

2.3. fiRGZE

i A= 25 2R e I A AR 205 AT B AR, AFRAES R T B R AURIE
SN IEVE AR, MR B AT IR AFAEZE 5 (8] I 73 M7 A I 8] B g e v S of - R A b e 25 32 3
RERE D PSS BAGE R . B AGE R, MR T IEAGE B AKIE ) IIE N AL, ERARiEs,

SPEEE AT G b, 33T R AR S RS T AR R 2 IO AR AR BRAR AL .
B AR A RG0S K AR T (25 AR AR A ) A A R v A R AN B 7K 0 AT 2 33K 7 [

i LR AT 2 X AE KR E B A AN S L AR AE BL R S IR B
Viad=ai-AR

LSRRI IR, e mEYDea M, PR R 28 s 1 I 0 32 22 IR 3R [26]
[27]0 AR LR T R EAERAEA R T RIS, URARKAATFE TR EmEYE TR
FO A ZEHRERE, IR R B R SO AR PR BUR E, 19 23 i S 5 B U 28 B i 1S
LR,

SIASEMITHE
N T EIFRIBE T ZEBIE I, R 90 Gt 5SS 28]
yLEGa

GS:s(LE+Hs)+pCpVPD+LE(s+7) M
Hr Ga AR THR (), KA LT BT UHE[29]:
Ga = ((U/uf ) + 6.21/{;0'67 )71 (2)

Horh, LE NEEHRGEE, Hs NENEE, p NESEZEUEN 1.293 kgm’), Cp fE—MEEKIES T,
TR A /kgK), P ARSIE(kPa), U AHLIHKGE, o BEYE L (m/s), VPD NHIAIZKIRE % (kPa),
y NIRRT EEUEN 0.066 kPa/K), s AMEANKIR I R BREL .

3. HRO
3.1. WERFHFAN. FREARE

3.1.1. &5t

1(a)2/9 2006 4F 4 F~2012 4 12 AL 81 AN H w1 AR E, X HOaH 6, Y SR i
B(W/m?), HFRKMEN 1371 Wim?, 5/MEN-2.9 Wim?. BT B H 548 5 028 1k ] 2 B2
WAL, B EEE K HRKRMEE 6. 7. 8 =4 H, AFmEhHEE/N HE/METE 12, 1. 2
=ANH, BKEMB/MEZ R ERRK, KEAE 110 £4, REHERNZEMEE 100~105, [FR 05
RHEM R B ME AL, RILECK e MEHS B 51 B .

1(b)A 2006 4 4 H~2012 F3t 7 SRR PR WE, X HOAT0, Y HovdiEsha s
(Wm?), Hi KN 77.6 Wim?, /ME RN 59.7 Wim?. M EIH AT DLE H 58 5 467 1 £ R 1 BT
faFy, BIRTE 2009 EBEH T LSS LT, FEH TR R R,
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Figure 1. Changes of net radiation from 2006 to 2012
1.2006~2012 F44R5T L E

3.1.2. %

2(a) A 2006 4E 5 A~2012 4F 12 A 3% 80 MA MBS /KERZ ALK, XA, Y+t
B KE, iR KMER 0.23, f/MEN 0.06. MEIHTTLLE H 2006 4 1) 1358 5 7K 2 U E S AW 2N, 2007
F12008 FFIEE A BAR K, 1 H B EKERREEFL A4S0, (H5FNEAHEMMEHE, HER
TR AR R, BT ATELEE. W12009 4514 8 HON MRS AME, 127 HMEAT5/.

Kl 2(b)A 2006~2012 3% 7 AR LIESKEMERMWE, X MOS0, Y Moy RIS KE, HPmK
18 0.138, f/ME N 0.101. MEHAETLAA HIM 2006 4E5] 2012 4E, T3S /KEHE 2 —NeTHEREI G
N TR RE, 2007 EUEIRARK, M 2007 FEfE 2N TFREES, 27T 2012 FHEEA T
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Figure 2. The change diagram of soil water content from 2006 to 2012
[ 2.2006~2012 FHIFRKEMEHLE

3.13. BSEE

3(a) 2006 4 5 H~2012 4 12 H 3L 80 MH I IREMIZABILE, X HAAMG, Y HATR
TR (%), HARKMEN 77.7%, H/AMEN 32.2%. MEFR TG H SRS BREE FRARK, HY
FRA RN, E AR AR TR, A AR AT ST 2] 2006 A EIR B RAE 1)
FRAEAFEAY, AHEA IR 2 AN EOKAE T H5 H e 0 A0 B A AR R B 548, e fREK.

K] 3(b)A 2006~2012 43 7 £ 2SR IR, X HCONES, Y BT SR E (%), HPRK
B9 58%, F/IMEN 52%. MEIFRETLAE 2= S0 ARG B2 2 S TR e X BT, 2010 4F52
7R IERARAE, 2007 4EA2& 7 EP R E .
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Figure 3. Changes of air humidity from 2006 to 2012
3.2006~2012 FESRERELE

5K 2 HIEEKEMLE, BRZEA NS R, [EMNEFBREE, WIS RE S
TS K ER RS IELF . HRE KRN BAR A NRE, (HELE 2006 A1 2012 EHIEUE,
Bfo LI EAR R AR R Th A LT, (HELEL 2006 4R 2012 SEAOHE, BEMAOR TFER .

3.14. E5RE

4(a)h 2006 - 5 H~2012 4 12 H 3L 80 MH M REMEH B WE, XA AHMG, Y #h=S
BECC), HfHREEEN 22.65C, FRAKIREEAN-1025C. MEF LI H 2S00 E AR L B B 1B
AT E AL, BRI B NETE 64 7. 8 =4 H, KT HE/METE 120 1. 2 =4,
It 1 vl P A B (LR 2 TR P 2 (B AR AR K, 2007 HE R0 2010 4E SR 2Z57E 30°C A2 A, 2009 RIS ZERE
25°CH AT (RN EAEAF (1 B o i AR AR K AR Ak, R I sl B T LB 24k, 76 20°C ity HEAK
A 2R R R

4(b)N 2006~2012 3L 7 FH B URERFLE], X HONEG, Y Moy EsaE(CC), Kk
KIE A 8.6°C, fe/IME N 7.4°C o WNEIFHTLUE H 2SR 2 T, 78 2009 -4 ATl FH94 5 XRFSE T F%,
£ 2012 FiA B HAKAE -
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Figure 4. Change diagram of air temperature from 2006 to 2012
[ 4.2006~2012 FESEEHZLE

3.1.5. HiEEE
5(a)h 2006 5 5 H~20124F 12 A 3L 80 ™ H i 4E 52 ALK, X 3N A 43, Y #iloh H3RIEE(C),
HA i KEA 25.3°C, H/MEN-7.7C. MWEHRTDUE H 435800 52 1928 A0 A BE S5 1 8 234 0 sl AR AL ) R
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Kl 5(b)2N 2006~2012 4L 7 4R 3R B AR, X RN, Y fioy HIEIREE(C), HpK
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Figure 5. Plot of soil temperature from 2006 to 2012
5.2006~2012 £ HIRIRE HYZELE]

HE 4 BRERLE, PE TR RZE AR RERN, L —F. WEEAE, PIE RN
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3.2. YR FEHHE

321. SABE

K] 6(a)y 2006 4 5 H~2012 4F 12 H3% 80 M H AL FERIZEH 2K, X HAAM, Y M4l
SR (mm/s), HdE KA 46.1 mn/s, H/AMEY 1.3 mm/s. AT LLE S FL SR A 2R
BEZE TR SR I REE, (RIE R TR HE TR, £/ mRMEM R/ MAEZ F M ZEIEIR K, HEAHH
SR, 2006 FEEIRIHE HKMEZ, 2009 1 2011 ERIEAR N AR M. B84 ESAL
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Figure 6. Changes of stomatal conductance from 2006 to 2012
[ 6.2006~2012 FSFLSEHELE
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F 6(b) N 2006~2012 435 7 FEHSAL S ENERMLE, X BN, Y N Y #8550 5% (mnys),
HrA i KA N 182 mm/s, H/MEN 8.6 mm/s. MEF ] LLE HA LS E B EAE HAFFME. 2011 4F
RAFLS R /ME, 2012 E SIS .

3.2.2. EHHIEE NDVI

7(2)29 2006 4 4 H~2012 4 12 AL 81 M H B 4EE NDVI FiZ ALK, X #oy A, Y 4l
NREAEAREL H KN 049, F/MEN 0.100 B AT LA HRE 48 200 A8 1A W 0 i BE 2R 1 U 5
BALHIRHE, HREPIREOR, AFMEEREUN, sREMR/AMEC R 2R, &RMERR/ME
15 £ o A SR I K B MAE AR, RIS K e IME#E A B AR, HRTDUE H 2006 4%
AN, 2009 SEFEAAAR K

7(b)A 2006~2012 4E4: 7 LR FR B AR, X BiCAES, Y FONRE RS, Horb oK E
N 0.246, H/MEN 0.154. WE AT DUE R HE B AR A0 R Je TG FETE B, SR AN SR/ IME 2 TR
FIZIRIRIIE, &/ MELE 2006 4, HR{ELE 2009 .
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Figure 7. Changes of the vegetation index from 2006 to 2012
7.2006~2012 FFHEHIE AT L E

3.3. BEE S ECFNARET AL
Bk, BRI

K] 8(a)y 2006 4 5 H~2012 4F 12 H 3% 80 I H B Hud &2 H ALK, X A A6, Y foh @il
B(W/m?), Hii KMEN 622 Wim?, /MEA 5.4 Wim?. WEIH] DG HERSGE B A B 2 1 BE 2=
TR IVRHE, B~ AR PGEE R, FKEE(10~11 ARl g/, sORE R/ IMEZ[A]
ZEREARK, KEAME 45 /o4, 2006 FEMIZEFERFAIR, 2010 EMZ2FER /N o [F] ISP WL 8 A3 4 11 i Ko
MBI, ORI RAEE A SR, S MER TS

8(b)2N 2006~2012 4F3L 7 fEHERHGE B FARE, X BONES, Y HOERHGEEW/mM?),
I KAE N 38 Wim?, $5e/IME A 29 Wim® e M ] DA H B & 1 A8 4k 2 S 08/ e 34 K BRI ), 2007
TEREREE M /M, 2011 v KE.

9(a)N 2006 4 5 H~2012 4F 12 H 3L 80 M H Mg HuB & ME H L, X 8oy Ah, Y #ihig
POBE(W/m?), HAHRAERN 741 Wim?, f/MERN 3.4 Wim®. M P AR AT DUE H 8 il & 10 A8 L B
BB RRE, FEFEG~6 AMEHIERKR, KEFEA0~11 AmEREE N, K
EARMEZ R ZBEAR R, ZEERCR 2 2012 45, 27 70 W/m®, ZREE/MEZ 2006 45, % 7T 36
W/m?®. [F] I W 5% A 4F 1) R B /MBI B AE, R B KB AR TE BB K, 3 I R, S/ ME AR
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Figure 8. Changes of heat change from 2006 to 2012
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Figure 9. Changes of latent heat from 2006 to 2012
9.2006~2012 FEMATLE

10(a)4 2006 4F 5 J~2012 4F 12 4L 80 /N BB SCELIE H ARG, X B A4, Y Bl sC e,
Hro i AR 6.57, H/AMEN 0.36. MEIHRT DUE I SCEE AR A A B B (0 B =70 S A B AR AE, B
ZEP N HE/IMEAE 64 7 8 =4 H, AFWCHE R HECKEAE 1. 2 Ay, SOKEMER/MEZ [\ 2
FEARBAE, 2010 4FF0 2011 4F f K/ MA R ZFERCR, 2006 FF1 2007 4 5 K B/ IME I ZE BREN o (7] U
RGFE R R KB/ MEMNR, RIRRER AN GRS, R MELERE.

10(b)>A 2006 FF~2012 4F3t 7 SF P SCHERIE AR, X HCA A 0y, Y Fovcsct, K im E
2.9, F/MEA 1.3 IWEIHR] DU H % SCEE B AR 2 50 1 ) T

P SC R RIS I L . TR 8. 1 9 AN 10, W LAE H B I B sl /N T B i B
AR AR R T R . FF FUBRIA B RAREAE IR W T s, WA S EAE IR G, A 2012
SEHUEA PRI, BT LB EL IR LE 2006 4EF) 2011 E—EREFEETI R, £E 2012 SE A BERAR . S L)
VEMETE 1. 2 A4y, BRUONAZREIA NI KIS KT b Kol %
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Figure 10. Plot of the Bowen ratio from 2006 to 2012
& 10. 2006~2012 FR LRI LE

3.4. FICEERYRNT B R

3.4.1. SEEHIFEICELAI RN

B 1R R TE 5 O B P AAR S B . T SR R B R 2 AL,
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Figure 11. Scatter plot of the correlation between the meteorological conditions and the Bowen ratio
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Table 1. Covariance relationship between the lunar distance levels of the meteorological elements

F 1. BEREENABRTFZEMAERR

X v ElFifi%Y&{EiJr%i PRt izt . » LRSS
#(Coef)) (Std. Error) (Std. Estimate)
Gs RN 19.283 10.285 1.875 0.061 0.214
NDVI RN 0.226 0.067 3.395 0.001 0.410
Soil T RN 0.663 1.726 0.384 0.701 0.043
Soil VWC RN 0.101 0.036 2.808 0.005 0.331
RH RN -9.152 7.440 -1.230 0.219 -0.139
Ta RN 2.112 1.960 1.077 0.281 0.121
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WS RN —1.488 0.479 —-3.108 0.002 —0.371
NDVI Gs 0.134 0.051 2.617 0.009 0.306
Soil T Gs —1.939 1.390 —1.395 0.163 —0.158
Soil_VWC Gs 0.057 0.028 2.031 0.042 0.233
RH Gs 17.130 6.174 2.774 0.006 0.326
Ta Gs —2.165 1.569 —1.380 0.168 —0.156
WS Gs —0.758 0.368 —2.061 0.039 —-0.237
Soil _T NDVI —0.013 0.009 —1.545 0.122 —-0.175
Soil_VWC NDVI 0.001 0.000 5.020 0.000 0.678
RH NDVI 0.070 0.037 1.899 0.058 0.217
Ta NDVI —0.010 0.010 —1.033 0.302 —0.116
WS NDVI —0.008 0.002 —3.463 0.001 —0.420
Soil VWC Soil T —-0.012 0.005 —2.524 0.012 —0.294
RH Soil_T -3.635 1.085 -3.350 0.001 —0.404
Ta Soil _T 1.952 0.344 5.675 0.000 0.821
WS Soil _T 0.247 0.067 3.673 0.000 0.450
RH Soil_VWC 0.061 0.021 2.880 0.004 0.340

Ta Soil_VWC —0.002 0.005 —0.343 0.731 —0.038
WS Soil_VWC —0.003 0.001 —2.482 0.013 —0.289

Ta RH —4.582 1.246 -3.677 0.000 —0.451
WS RH —0.132 0.262 —0.502 0.616 —0.056
WS Ta 0.270 0.076 3.580 0.000 0.437
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Table 2. Direct effect coefficient of variables on Bowen ratio

2. BEWEX LN EEZ AR

X - Y bR LS 12 R B SE z (CR1H) p PRAEAL B AR R A
RN — W 0.027 0.009 3.043 0.002 0.294
Gs — W ~0.044 0.010 ~4.265 0.000 -0.378
NDVI  — Bk 0.695 2.297 0.303 0.762 0.037
Soil T — Ptk -0.054 0.111 ~0.489 0.625 ~0.080
Soil VWC — Ul ~5.294 4.597 ~1.152 0.249 ~0.155
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dardized path coefficient, and the number indicates the significance ( p <0.05, p <0.01)

13. RN, WS, Ta, RH. Soil VWC. Soil T. NDVI. Gs ¥ XLEIEIEEZ. Brh#FAMRERKRRRY, "Bk
TEEM(p<0.05 "p<0.01)

DOI: 10.12677/ag.2023.1312132 1382 HuERFL 2= ATV


https://doi.org/10.12677/ag.2023.1312132

Table 3. Path coefficients for the direct and indirect effects of RN, WS, Ta, RH, Soil VWC, Soil T, NDVI, and Gs on the
Bowen ratio
%2 3.RN, WS, Ta, RH. Soil VWC. Soil T. NDVI. Gs X3#3tt BB iEfiaiEs ma iR A

RN WS Ta RH Soil VWC Soil T NDVI Gs
HEES 0.294 0.077 -0.022 —0.419 —0.155 —0.080 0.037 —0.378
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