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Fig.2 Meteorolgical factors and soil moisture change from June to October in the prohibited grazing and grazing areas

1.3 1EWEEHE

AFF 5% Hb 79 A% 9 248 38 1 GEE (Google Earth
Engine ) $& BCRE — DI B (8] 7 80 05— b 22 S
8B (NDVD RO E AR RAE . A Sl i GEE £ |-
Colab Jit 4 32 B MODIS %4 45 (1) NDVI 4 , I
AHH A5 DX b 2 AR s A 52 H 39 58 B0 e
FEBE FC s iR, FrPE U NDVI U R A
A s B N T DCIURE S I TR) Y B T I A
b T XA () R A R A T A AR SGE I
FF RIE T mice 52 ALY mH 4 RME " 5 3 Hh
BB SAB Y 23, % Bk 2 78 Tt T 5 4 25040 78 e 4
G 22 T [m] AR R A 000 e 2 AL, P AT HELAE , i IR
TR R = A Y

XF T BUA LR A NDVIEE S, FH mice fu it
TR RS . BRAE D TR AR LSS R AR, 22 T SELAR
IATEERAACER SRS A S5 . B 58 md.pat-
tern( ) PRECE WA T A BRI AA , I AL VIM L3517
BRI AL . (8 mice( ) PREGHEA TR IR 78, TECHD
H B9 T 32 A pmm $t i 2 {8 T B¢ (predictive mean
matching) 7% . 22 H ORI A9 JEORR B B2, BNl
5. RAFHALR

X} 5 21 4 4N A AT Z2 JT Lk 1A 43y,
A7 T K55 1 F 4G 56, ) A A R PR 005 ) A A8k
SRIG XA AN S5 S AT R R . e AR K
gt , AT SR LIS 3K pmm 1 25 R AE R I
7o, AT JE i e BB AR (K13) .

1.4 % E% Piecewise 50 5 215 Y

41 Bt Piecewise SEM ( 3 FR Sk 56 1iF 1 B 4% 43
Br) > 5E 1 5 — 4 R B AE SR R AL i1
SEM, i HE AL W] DL 55 4% Pl 45 A A RS B 25 44 L 43 A
FfBRE . E3 Bt SEM H i — 2 5C FR A /2 57 (8

Jey il ) A T, e X AR 56 B e WK 3 A AT
(9 Wi 7 22 1 FH 2 1] 43 5 K 56 (Tests of di-
rected separation) 315 53 B 45 14 7 FRAR R (1Y) 42 J 40
AL (Global goodness-of-fit)' ',

A ST MR 55 1Y PAELTE 5 Fisher’s C4tit
T

C=—2ﬁ1n(p,~) (1)
X—ge it i H R 2k 0 X7 o3 A, kg ALl
AR TR ST AR

C it vl H 3155 SEM 9 A1C 535, LUfE
TEBIR SR PAE SR rh A T i S LA
AIC = C + 2K (2)
A KO A AT REYE
i — B AR AR AIC,, T DL AR AR AR KN 3R AT
e
n

AIC,=C + 2K ——FF———
C.=CraK (3)

AR T R H SE LY Piecewise SEM ™,
5T a5 A (R, R, Ry R, R Albedo) 55 1%
HF(P.T,.RH.VPD) £ F (T, VWC) L) K
PR (NDVD) Z A B G FR .

2 HBREH

2.1 HERIEBESW SR AFIE

2.1.1 EBWANAMBE RSB E X L

PN 52 v 76 3R A A K i i e R A
35 P AL H AR ALRAAE (1 4A)

K FH R T (R,) 1 A8 fL AR AE 2 2257 XY 1 K FH
FEf KRB E R = &SRR, B
X 6—10 H R, H V-3 KA A 779.63(13:00) .
745.77(13:00) .726.03(12:00) .645.65(12:00) .635.53



N N2 . N
226 rh v B LR
A
o
0.4 . T [e] o
! o
e o ° %
1
| o] 8
p— = ! o
E 0.3 ! .
o
4 ° o
I S 5
£ °° g o
& N PO00 o
. BE
.| ] [e] @O ]
I E * 00000 o
0.1 1 !
1
1
L o
128 . sem o
123 T L
I I I I I I I
0.15 0.20 0.25 0.30 0.35 0.40 0.45
4 XNDVI
B
.imp | .imp | .imp
o *> € ®©
0.4 - oo O 20
0% 00 Be 0 $9%
= 03 °Q Kb -2d e
= . 69680 o Cﬂy o ‘ﬁ% »
- w * M *
e ) o
§ imp || imp | imp
04 > Ot o
o * Qo
o® ¢ ss § o0 8
S 0.3 "G R 2 B4 *@e
2 %’ vy g’
Z 02 4 f’ o M’ » I ]
0.1 4
o <o O
I

0.3 04 0.2 0.3 0.4
NDVI NDVI
£

AR O BHRBUS L, & AR RUBCHE BRI B . B IRl i B — ST — 31 (1 S5 A A A S YL 7e i B
O. R B IUY , & BRI ERIUE . x B AZSH ND VL, y 4l 0 i NDVI
B3 BRSO HCHIX NDVEBRIAR 7 A s B (A) FIND VIR 5058 (B)
Fig.3 Scatter plot (A)of NDVI missing value distribution and NDVI data filling condition (B)

in prohibited grazing and grazing areas

(12:00) W-m?™, R, Fifi 5 i [a] 4 2E 3% H 35 08, 6—8
AR R SR R T B

i 81 4A AT DL Y, R4 DRI e IX 4 ) b 3k
SRR (R P 900 MR g H AR fL L . 1 b
A R EE R ARG, H 280, H DU R ITF
RIS T, H H AL LA S R AR A, i85 H ek
H AR th A R, —5. 254X 6—10 H HF
I f RAEAKR R R 123.46(13:00) . 110.42 (14:00) |
112.80 (12:00) .98.45(12:00) .105.30(12:00) W+m™
(F14B) ; MHRIX. HAF-S4 5 R AB 53004 127.73(13:00)
113.54(14:00),126.41(12:00) . 113.11(12:00) .121.02
(13:00) W-m™([&14B).

H &1 4B F i, iF9E X 45 H RS PR I (R, H

AL R FEAR /N, 2b T 130—370 Wem?, JEAR F¥EA
P RAB B o 7E bR R BB 0 T, Hi
B (T) W RN e T 1R KR 5T (R, I £
A ESORORAT R R AFAEW] Y B AR A R
AAEHEAE  (BJE A Z A 22 S 5. RBIEES N
Vg HREAKR, 6—10 7,662 TR T 0935 Wi,
AN R A A BEAG ZE 10 A B T iRARME . R, UAS
5 T AR A — 2.
2.1.2 MR AEEE

Hh R (R, B /N A B AR RRAF J2: e S
S5 SR Py A 2 S SV RS A3 DR 1Y), BRI
R A PR F 32 245 A B e e H BB S KR AGB I
KA N HIER O . R A B AL (A



o1 ZE/INBE A OO IR A R M AT T ) ) 227

10 —o—
o ik

104 —&— M

S o o o o o o o o oo 9 29 292 02020 o0
T T = = = S T = S = B B
j=d (o)} = O o] o (o} < \O =] (=) (] j=d (o} < O =) o (o} <+ el 0 j=l N
S © © 3 S = = = = = & a S o 3 3 = = = = = & a
it il
B
- 80
450
o - 60 .:E\
£ 4004 :
g <
= F40 3
o <
350
20
3001 | 5
- 400
150
100 300
E =
g s0- L 200 &
o B
01 L 100
-50
-0
- & N ® A ® A ® <M & — &~ & ® N © & ® @ o
T @ T 9 oo - 4 7 Q@ > qa - g F q@ - qa 7 qQ
O Nl o~ [ 0 0 D [o) (=} (=} Ne} o~ o~ 0 0 D D S (e}
(=} (=) (e} o (=) (=) o o — — (=} (=} (=) (=) o (=) o o — —
HB(A-H)
P4 R RO R S B 9—10 P2 H 284k (A) 1% H 25 4k(B)
Fig.4 The average diurnal variation (A) and day-to-day variation (B) of radiation
fluxes from September to October in prohibited grazing and grazing areas
4A) FIB R Y 2= 15224 (51 4B) . B4R, R AR T, NI R ALAEZWT BT, BBIET

WERZAEE RSP TES. Bz (12:00—13:00)i5F)— H d i KAl ; 05472k T R,
BRSO U, H 25 BEE RIS AR BRI H S R SUVERAE. WRIREAORE A0



228 ik

7’/'\ 7;% o542 %

MO FRCRCR LY R JC B35 25 57 AR — 2
2.1.3 MEREEBER

AN R, 5 R W LU A 1S I AS 44 ik e
Hiu [ 1 2% 2 R (Albedo) o o T /N S 57N 11
I3 25, A SCHE IR R >50 W - m™ B 48 5 B0H Wkt
AT R IR

XF TS O Albedo Y H 25 Ak, #B 5 3R
“UTRIARfE LA (I 5A) , % BB 22 59] ., 78 H
SRR E VK, e S IR BRI, 7 b 4 IR AR

0.70

LB 22 o R T AIF 5 30 Y B JR) AR Sk (6—10
HO) B OO A I — B, 6—10 H &
BRI AR R 2 i TR AE B 7 2R AT, g R IR R AL
FARFERAE B AR (B SB) . Htnl W, 44
Bl T Hb 3 S IR R 5 VR R AR AR 3 I R Y
E5.

ST A K R b ) b 3 i BRI B
1R AR Ml X T R R AR T e
TR (A R R IR

A
0.60 {4 ==

gyg 0.50 -
*®
o 040 4

0.30

0.20

T T | | ) 1 1 1 1 1 1 T T 1 T T T T T T T T ) T
L) (= D {7 € o) (=l (7] 3 D D o o =] (=] =] (=1 (=} L= ] (=] (=] (=] [=] (=]
S T B e e R - S = - R S B B S S S S S~ S S
=] — N o < wv O | i o0 D [« — (o] o <t " O o~ o0 (o)} (=] — N o)
> < < (=) < [« S = L= ) [=2EEN L T T R e B | N o o o
.
i)
0.30 5
B
0.25
5 0.20 4 ]
= T ET £
= 0.10 s

0.05 1

‘
R
- S g, et Y
- PR st el P
"
3
A cors
4 i)
A b
”ﬂ h—lﬂ nll I I“
T T T T T T T

0.00

L H I ..1‘ b

1 1 1
06-17 06-24 07-01 07-08 07-15 07-22 07-29 08-05 08-12 08-19 08-26 09-02 09-09 09-16 09-23 09-30 10-07 10-14 10-21 10-28

HI(A-H)
KI5 AR FEAR M HCBOR AR S IR 1 R (A) F1iZ H 224K (B)

Fig.5 The average diurnal variation (A) and the day-to-day variation (B) of

albedo of prohibited grazing and grazing areas in growing season

2.2 BHMHHEFHTERFBEEXNSE LEME
4 B i iz

221 EBHMHEKEGTHEHERRETHME
RBERH T

AT, 6.7.8.9. 10 H 4 X A 1 7 55
L H OO 3 3 T 17.0% . 25.0% . 5.7%
11.3%.5.7% (E 6A) o Xt T2 i HORN 38 RN L I FR
(18 X PR 28 5 R A B, A TR A R] U A A R 2R B OK
{18 A A58 XoF R ) 5 T i SR B T AR A e v
PRFEHES 33X — 2590 0 A S 1Y) B A B i Tl 42
HEARHE

ARIAC I b A BT 1 1 sz R AR b AR X

SR TR T A W S TS T R PRI
AL H (B 6A) o B0 BT B AR A fh ka3
—3

TS0 IR], 254 I Ab BE R 9 ND VI H 481k
FRAE LA K A8 AR 50 A7 WLIEL 6B FE 58 W1 1a) , 2%
B ND VISR | 285556 ETHE R AR 1k
POF7 A 20 HIkFE(E
222 EHMBBEGTEHEENSE . LEMN

1 4 [ F A Ml B2

i & 7 AT AR X RH(B = —0.92, P < 0.001) .
VPD (S =-0.84, P < 0.001) .R,(f=-0.24, P<0.01) .
VWC(=-0.32, P <0.0D)FIT.(8 =~-0.40, P < 0.05) %



5513

SN

QG+ RO IR A e 3T M T A S5 B S R

229

0.25 70
A [ ] R e M RHEWERE —— SHRHRTIER Hote X )5 HR
- 60
0201 T ol e 3 )
" Y N PR e = S
= 0151 = | 4 B
oy 0.10 - 30 =
R =
- 20
0.05 A
- 10
OOO T T T T O
6 7 9 10
R
0.5 0.8
B
e L 0.7
i [ M
0.4 1 Ak [ 06
- 0.5
0.3 4 - 0.4
2 ’ Lo %
= il \ 5
021 l || L 02 =
| ||| i 2
|| e
I | il
0.1 - 0.0
"H ||N || || ||\ VH
90 |I|||I| | 53

06-14 06-24 07-04 07-14 07-24 08-03 08-13 0823 09-02 09-12 09-22 10-02 10-12 10-22 11-01
HEI(A-B)

K6 AR ZEARI TR M 2% S BB 2R (Albedo ) AR #7835 BE 1932 A 28 (b (A FH — b 22 7
W5 E(NDVID) % H 22 46(B)

Fig.6 Month-to-month variation (A) of albedo and vegetation coverage and day-to-day variation

(B) of NDVI of prohibited grazing and grazing areas in growing season

=24
o

Albedo [ 52 M ¥4 J2& 17 1] g 3 09 . R, (=0.88, P <
0.001) . R, (B =0.46, P < 0.001) Fil NDVI (5=0.16,
P < 0.001)%F R A2 & 1E [l ik 3549 17 Albedo(B =
-0.22, P <0.001)FI R, (p=—0.29,P<0.01) X} R A5 . 3%
By AR . VWC (6=0.46, P<P<0.001) \RH (f =
0.44, P <0.001) . R, (=0.20, P<0.01) Fl Albedo (8 =
0.18, P < 0.05)#4%) NDVI A & Z e #E1E .
FCH X R, (B = 0.70, P < 0.001) % Albedo fit 5%
W 2 0F [\ & 3 5 1 R, (B =—0.76, P < 0.001) .
VWC(B=-0.40,P<0.001) .RH($=-0.29, P<0.001)
X} Albedo Y 52 i & 1 1] 1 % 1Y . R, (B=0.82, P<
0.001)FIR,(B = 0.46, P < 0.001) %} R A% i 1F
] /E 5 1 Albedo (f=-0.36, P<0.001) 1 R, (S =
=0.22, P < 0.05)Xf R, WA I 22 11 1) |25 1 . R,
(f=0.60,P<0.01) R, (f=042,P<0001) RH
(f=0.45,P <0.001) . VWC (=0.35, P<0.001) #I

Albedo (S = 0.32, P < 0.01) ¥ %f NDVI A 5 % A {i¢
BEVEH M R, (B = —0.50, P < 0.05) %} NDVI#1 %
35 By H

ARIIX Albedo FI NDVI EEVE Ay A Az 75 57 3 48
B VARG A B, AR AR
X R ;= A AR, [A] B Albedo X NDVI 77 A B
FE Y 1E 104 5 Tl X Albedo 1 o Hhja) A8 4, B2
B A A=A B BRI, W NDVICIE ) #1 R, (17
] ) F= A AR .

3 i
30 ARFEHNHHREMBERRSHERMER

,\s-/ﬂr']li

6 H A B W 1 AR T 4T, L P T 5 X A AR
YA A%, NDVIAE AR AT 5 18] (19 fre IOk F- o Bl s
PRl S T AR SR R 0 5 4, AL PR A K, ND VIR



230 ik

[

EEVE

A -0.92%*#

0.46%%+

NDVI

0.18% 0.44%%*

\-0.40%%
\
\

AT S LR BRI AR ORISR, M R R M 25 5 . SCER IR IEMIG AR R (A5G B M A2 R BB
* 5N WE MK PME(¥%%,0.001;%*,0.015*,0.05)
7 BRCCA) IR (B ) B M4 S w5 A0 398 A8 R 10 AR 1]

Fig.7 Path plot of radiation fluxes and climate, soil and vegetation factors in prohibited grazing (A) and grazing (B) areas.

In the figure, the line with single arrow is called direct path, which indicates causality, and the direction is from cause to

result. solid lines indicates positive correlation, dotted lines indicates negative correlation, and the number is the
path coefficient . The sign * indicates the significance level P value (***,0.001;**,0.01;*,0.05)

IR IR RNk B[R] P AR AL X Y
NDVIZE 6 H 26 H Bl K25, 22 55 Fik 5 0.71
(E6B) . 3 Ui B A e i 25 3, 2R e s IX A
WS E N E . WS, NDVI{EAL T2 T
B, BB AR LR, HAE AR TR 75 W8 A R
o X — B, B9 il X ) NDVITE 8 H 5
HH B R B K 22 57, A0 R 8 B ALK T4
— 19 0.69 (K 6B) . 1 BLH B B X NDVIE
Qb T FE O B AY K T o 33X 1 B AR B A KR L R
U, B H BT SO DX R SR o T,
MERA, W o ERBET. /ESH28H
29 7 3 HEFE B, Z5H X NDVI 83—k
Bf M) L 25 S /Ny B ) AR A, 30 H AR Ak A # i
] e K (-0.16) .

32 ARFEUMMUEMILHEENEENE
FUREZMEE

RO R, BN TR IR (L 4A) 33X 2
SRR X T RO A X P R R R, T
JEEREALG, i AT T A5 400 X T fin 4 28, DT 313k
b AT %) K BE R O R B 2 MBI SR R R
6—9 HIRH i K3 Bk Z 5K &=
Mz A m Y I R R A K Z A PR R 1
fHo 10 H RAK BRI RBEAR, R 10 H 191
PSR AE AR B, T T8 R, e MK

6 F H T J R 4 K AR T, AR HOIX R

L 7 R v T A IXC AT 5 2K Albedo IS T
JCHCIX o 10 H #i8 B 2k 85 (5 i TR SR A7 7 [
K, FIERZRER S, F210 A 1Y Albedo {558 4k
FEARAKTE Y, 6—7 HWF5 X AR /N, i X
M A 2 S AR S , H R S A R I L H G
Wi 25 S A Bk o AR AR s i AR 4 X H T R B4
FHFEBEAS AR, 1 4 56 A i, R X — s 3
DAY ) B A A b A e 7 A ZE R A
I AA ) YA % , I Albedo AH2Z TC L. 8—9 H #il
Bl R AR R T, A s i LR SR R TR
O DX A AR T AR X, 10 A ARk E A
M EH, SRR 8 9 A Lt PR AIK . 1T 8—10 H
Wil T AT X AR AR N R R R
SR G B i, 3 — AP A Y Y Albedo 22 AR 8
T

AR HCHCX Y R I 7E T H IR B AN K B
KAE (B 4B) , Uil 7 H M R4S e e 21
1610 A R A S e /IME , 2522 h T ol 4 15 el ¢
PSS (45 F ROR g i, RO5 4 G BH S T T
PGSR ST HNREAR , 15 1 R AR FE T e/

4 it

PN 52y B R Ak A K B i R AR T
2 LR H AR AL RRAE o 5T XK BH B B B &
ff I (6—10 A ) #EE & A i, 6—8 H & —4F ol
IR fe A B o AR X b 2 I S S AN



5513

ZR/NBERE O IR A e AT i R 5 ) 231

TR o 5T X 4 A RSB AR G B A8 £k iR
RN FEA B KAE B, e I 5 S A7 A
B2 1Y H AR AR A ZE T AR LR AE  (HE 3 2 A i 22
SR

A K 25 AR M ) b R R R B R T AR A
Bl O X A R A, (A R R R, 2k
Al TSR e P v A I R 2 L AR A R
— 3, X ARSI R AR RIS ROR RO
NDVI# K 2 i B E T A fbiass, +7 4
20 H IR F U AE . 37 18] H B0 V45 B 1 25 S s
(6 H26 HFI8 H5H ),

TEERWC X, A5 I CREA R B AR AR R R
22 ) K BH AR S A (5 em £ 2 RS K E
IR ) B0t b 3% 2 R A E B I AR
A i (b e SRR R D R ) R w4
L (NDVI) X i+ 58 5 114 5% Wi 2% 1 1) B 5 35 %) 5 17 75
PR A8 S 43 et (i 3 sz IR e A il 2 4K D e i)
X R W AR . R (5 em 12
A K E) AT CHXTREE) 8 5 R FHE
8 5 R M 2 S MR R B X NDVIA 8 35 AU P2 - o
Hi S IR SR (7] S 2 ) FNDVICIE [ S 2 BR AR
A A o a7 B R A R R R
AR A A 7 X A 7 A B RS ) TR B b 3R
R BERXT ND VI ™ A B 3 B 1 IE VR

TETICHRC X, 1l J5 S5 26 S5 Xo) b 2 2 R 238 1Y) 52 )
8 1 W) S Y 5 R PSR Y L5 em )2 RIS K
A U R 24 50 M 2 s B R 5 ) 7 ) B
[ o b 3% 2 B 4 S A R0 Ik S o) e o S A
835 1) T T 5 T b 2 3 TR M 3 D s A
VAR S R VE R B Y. R AR ST
F S ET R S AR 5 om )2+ ES KR A
P BRI NDVI AT HZ A SEVE 5 i & K
PR ST NDVIEIA & B W ISIE A . Hh 3R I
ARy o ) AR A B A2 B4 A AR R BLIERE I,
X NDVICIE [n] 5 35 ) R G (67 1) 1 3 7 Ak B
YEM .

SE WK

(1] TR i e R S 5 R b <M EL VR A 9T : A HEIFE 3] IM-
GRASS il GAME-Tibet/TIPEX [J]. & A%, 1999, 18(3) :
280-294.

(2] FEREZE, 45 AR, 38 SCA, A5 P AL 52 X R A SRR 4
EWFFELT]. BSR4 ,2002,21(3) :309-314.

(3]  ZRE R, e, ARHEFS | A SIAT I X 2k M R 5l 1 4

(4]

(11]

WS TARELT ] T 514, 2003,21(3) :29-33.

SRR, B IDE . SO DX S K B b e PRk AR S AP REAE
MIRFFELT]. KRR ,2003,27(2) :245-254.

Liang S L, Wang K C, Zhang X T, et al. Review on estimation
of land surface radiation and energy budgets from ground mea-
surement, remote sensing and model simulations[J ].IEEE Jour-
nal of Selected Topics in Applied Earth Observations and Re-
mote Sensing,2010,3(3):225-240.

PV, 2 e, NBLF . T T R 0 A 2 ) 1 B A A
SSiB 5 IAP/LASG L9R15 AGCM #i & R A Mk (1] <
Z2:41%,2000,58(2) : 179-193.

X AR 3l T A 2 LM AE AR A [] i 280 i
A [0 ], U S EREEAITTE . 2005(3) : 406-421.
BB, W OE AL, AR L e e R B R T
HEIFE Y535 DX 5 P A A A R A0 0 L2 A7 (0], K BH =2
#12,2003,24(4) : 453-460.

JB R, iR, RAG T, S NS T R AT Sk
AR ], TR IX b3, 2013,36(5) :84-94.

A WITETE ARG, AR R DT S BE 5 P v 5
T T M R ST A AR AR XS F AT [ ] KA
2009,31(3) :464-473.

B, A sk, 5 2 MR K I BI00h 3 4 8 e AT
HOHR SIS B g e A3 T S [T ). P B2 41, 2013, 62(20)
563-576.

SO . MR B DX A R ZE AR TP G AT L] b e
W41, 2010,26(16) :332-336.

Li S G, Harazono Y, Oikawa T, et al. Grassland desertification
by grazing and the resulting micrometeorological changes in In-
ner Mongolia [J]. Agricultural and Forest Meteorology, 2000,
102(2/3):125-137.

Bremer D J, Auen L M, Ham J M, et al. Evapotranspiration in a
prairie ecosystem: effects of grazing by cattle [J]. Agronomy
Journal,2001,93(2):338-348.

Rogiers N, Eugster W, Furger M, et al. Effect of land manage-
ment on ecosystem carbon fluxes at a subalpine grassland site
in the Swiss Alps [J]. Theoretical and Applied Climatology,
2005,80(2) : 187-203.

Li S G, Eugster W, Asanuma J, et al.Energy partitioning and its
biophysical controls above a grazing steppe in central Mongolia
[J]. Agricultural and Forest Meteorology, 2006, 137 (1/2) :
89-106.

SRR, R T R SRR (R DR SRR RS LT D]
JR54:,2010,29(2) :251-259.

T AR AR SR 55 AR R RS B DK IR A R A ek A
RFAEFR)— YO ORI LT ], P, 2010,30(6) : 1464-1468.
5T skt , XSHR O, 45 . A i A < 300 b 2 600 5 0 38 £ 3 £
P HARARFAELT ] vk 1R 12,2010, 32(5) : 941-947.

SRR, T T RS X K B A b R AR G A A R
WHARIEIELT]. A AR RE R, 2007(2) : 73-78.

BHE AT RIEH M BRI )] gt 5 5K, 2012
(17):72-74.



232 aE W 40 %
[22] Buuren S V, Groothuis-Oudshoorn K.Mice: Multivariate impu- [32] Daniel B, Francois G, Pierre L. £ f& 4= &% 2% : R i 55 19 v FH
tation by chained equations in R[J].Journal of Statistical Soft- [M T, 3 A @S 0E AL, 2014,
ware,2011,45(3):1-67. [33] k%, WA, [ER= b AR X 3 2 A B ND VI AR
[23] Shipley B.Cause and Correlation in Biology: A User's Guide to S5 SMER FI R [T] A 2524 41,2001 (4) : 522-527.
Path Analysis, Structural Equations and Causal Inference M |. [34]  ZEikZ: TRV RO B FAE YR S0 [T ], o [ 5 M, 1999
Cambridge , UK : Cambridge University Press,2000. (3):11-19.
[24] Lefcheck J S. PiecewiseSEM: Piecewise structural equation [35]  EFER, BHrE . AS RO X R AR B AR 1 52 i 2 B
modeling in R for ecology, evolution,and systematics| J |.Meth- [T]. B4, 1996(3) : 28-33.
ods in Ecology and Evolution,2016,7(5):573-579. [36] ZHEZs, B2, TUkE, 55 T8 XA B FTEE N Hmh
[25] Shipley B.Confirmatory path analysis in a generalized multilev- S S AT AT [T S R4 ,2010,29(3) : 645-654.
el context[J].Ecology,2009,90(2) : 363-368. [37]  #2n, Wkig . v B ORI AR 1 5 S H M ARl [ .
[26] Shipley B.The AIC model selection method applied to path ana- B VAR AR AR, 1992,15(1) - 1-9.
lytic models compared using a d-separation test [J]. Ecology, [38] Lan X,LiY,Shao R, et al. Vegetation controls on surface ener-
2013,94(3) :560-564. gy partitioning and water budget over China[ J].Journal of Hy-
[27]  BRIEZ AEZAE MR IR ISk R A R[], gk drology ,2020,600(6273) : 125646.
BlepikE, 1997,12(3) :207-216. (391l , P, B0 05, 45 A0 LRI 1 T 4300 25 8 e )
(28] ZRMER VLW, B 222 3 e I R 4 B AR IE [T . 3 < S R g S R DA REE R S [0 ], b R
£.,1995(4):68-75. A2, 2018,29(8) :2705-2712
[29]  SHyegney 5 o ey J5t 2R v i 5 T S AR RO [T ). KR (400 B2, JA ) M, Bl 45 PN S0l 7 V08 e S AT 4 3 B 9 s [ S
ST, 1991(2) : 151-159. Btk sl (0] A2 25940, 2012(13) :45-52
[30] XU, VRN, 35 SCAS AT R IXOR TR 3317 b 3% J %8 4k [41] R, INULL, ZRHELT, 45 FAR DUJR VD i 58 S 56 R R FH
FRIE[T]. BH#i 4R, 2008, 53(10) : 1220-1227. SARBRFIELT ] A E VR, 2021,41(1) : 111-118.
[31] WUk, BART S0 H 45 W oR ) s I fb gk 72 vp AR [42] XNFEIF,BUA:, 6T, 4 .1995-2018 41 i Hit 8, F Ui ek

AT/ NS ) 22 5[] A E VR, 2020,40(6) : 180-189.

EhAARA[T]. B A= 2441, 2021, 32(6) :2098-2106.



5513 ZE/INBE A OO IR A R M AT T ) ) 233

Effects of grazing on near surface radiation in degraded steppe
in Inner Mongolia, China

Li Xiaoyuan®, Zhang Shengwei®™, Wang Shuai*, Li Ruishen®, Zhao Xingyu®, Liu Minmin*
(a. College of Water Conservancy and Civil Engineering / b. Inner Mongolia Autonomous Region Key Laboratory of Big
Data Research and Application of Agriculture and Animal Husbandry / c. Key Laboratory of Water Resources Protection
and Utilization of Inner Mongolia Autonomous Region, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: With the change of environment, the surface states of grassland has also changed, especially the near
surface energy budget process changed more obvious. In order to comprehend the response of surface radiation
energy balance processes to prohibited grazing and grazing in semi-arid grasslands, this paper analyzes the radia-
tion flux observation data of typical degraded grasslands in Zhengxiangbai Banner of Inner Mongolia during the
growing season (June—October) in 2020. The differences of diurnal and seasonal variation of total solar radia-
tion, surface upward shortwave radiation, downward longwave radiation, surface upward longwave radiation,
net radiation and albedo and their responses to meteorological factors, soil moisture, and vegetation conditions
were studied in comparison between the prohibited grazing and grazing steppes. The indicated that the total solar
radiation decreases month by month as time advances during the growing season. The surface upward shortwave
radiation in the prohibited grazing area is generally smaller than that in the grazing area. The daily variation of the
downward longwave radiation in each month is small, ranging from 130 to 370 W-m®. There is an obvious sea-
sonal variation pattern of the surface upward longwave radiation under the prohibited grazing and grazing condi-
tion, but the little difference between them. The near surface radiation fluxes in the typical degraded grassland in
Inner Mongolia has a significant unimodal diurnal variation during the growing season. The albedo of the both
pastures showed a "U" shaped daily variation pattern. The Albedo of grazing pasture in the growing season was
significantly higher than one of prohibited grazing pasture. The Piecewise Structural Equation Modeling analysis
revealed that the radiation components (surface upward shortwave radiation, downward longwave radiation) and
the vegetation index (normalized difference vegetation index) had a positive and highly significant effect on the
net radiation; while Albedo and another radiation component (surface upward longwave radiation) had a signifi-
cant negative effect on the net radiation in the prohibited grazing area. In the grazing area, the surface upward
shortwave radiation and the downward longwave radiation had a highly significant positive effect on the net radia-
tion; while Albedo and the surface upward longwave radiation had a negatively significant effect on the net radia-
tion. Therefore, in the study, the vegetation status was the strongest factor affecting the near surface radiative en-
ergy balance process in typical degraded grasslands in Inner Mongolia under different grazing prohibition condi-
tions.

Key words: semi-arid steppe; radiation flux; diurnal variation; growing season variation; Piecewise Structural

Equation Model



