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Abstract: Vegetation cover is an important factor in the process of soil erosion. This paper revealed the changes of
photosynthetic vegetation coverage (f,,) for meadow steppe, typical steppe and desert steppe in Inner Mongolia from 2002
to 2016 and their responses to precipitation in the annual, seasonal, and monthly scales. The MODIS derived data and
corresponding precipitation data were used in the analysis. The results showed that: (1) from 2002 to 2016, the annual
average fp, of three steppe types was 46.5%, 36.3%, and 22.4% , respectively. The trend of f,, over time for all three
steppe types was not significant. For meadow steppe the annual change was positive with a rate of 0.29% per year, while for
typical steppe and desert steppe it was negative with the rate of —0.04% / a and -0.21% / a, respectively. The annual
precipitation for the three steppe types all showed an increasing trend without statistical significance. (2) The monthly
vegetation coverage was clearly affected by the prior one to two month precipitation, and the cumulative effect was also
evident. The more arid the steppe type, the more obvious of the lag effect. The coverage of dessert steppe was comparatively
more sensitive to the change of precipitation. (3) The annual vegetation coverage of three steppe types in Inner Mongolia

was significantly affected by the annual precipitation, growth season precipitation, and the precipitation in June, July, and
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August. The linear regression between the annual vegetation coverage and the precipitation in the growth season showed a
good fit. The significant correlation between annual vegetation coverage and precipitation of three steppe types in Inner

Mongolia provides a scientific basis for dynamic, regional soil erosion assessment.

Key Words: meadow steppe; typical steppe; desert steppe; photosynthetic vegetation coverage; precipitation
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Fig.1 Location of the study area and meteorological stations
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Table 1 The location of research sites and basic characteristics
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Fig.2 Annual fp, and precipitation in the research sites of three steppes from 2002 to 2016
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Table 2 Coefficient of correlation between monthly vegetation coverage f,, and monthly precipitation ( R)
B JETK T Kk FE B 7 35 B Vegetation coverage
Steppe type Precipitation 5H 6 A 7H 8 11 91 1011
May June July August September October
) i B 0.049 0.146 0.627* -0.004 0.224 0.418
Meadow steppe HisE 1 A 0.118 0.589 " 0.445 0.692 " 0.314 0.810 "
w2 A 0.204 0.131 -0.049 0.409 0.484 -0.240
"3 A -0.210 -0.279 0.035 -0.156 0.160 -0.168
Hiss 4 A -0.320 -0.113 -0.448 0.004 -0.260 0.075
i 5 %A 0.028 0.430 0.406 0.074 0.475 0.197
Typical steppe HIsE 1 A -0.312 0.498 0.438 0.396 0.246 0.466
w2 A 0.559 " 0.127 -0.020 0.417 0.304 0.132
w3 H -0.233 0.414 -0.169 -0.149 0.326 -0.060
HisE 4 A -0.118 -0.152 0.153 -0.290 -0.304 0.308
FrE B 4H 0.607 0.142 0.719** 0.755** 0.078 0.154
Desert steppe CIERWE| 0.090 0.796 ** 0.289 0.694** 0.791** 0.104
HisE 2 A -0.295 0.497 0.507 0.281 0.637* 0.352
CIESEDE| 0.104 -0.362 0.473 0.442 0.276 0.604 *
Biss 4 A 0.290 0.167 0.004 0.255 0.369 0.558*
e o+ £E0.05 AT (U) - REAIC; + + . 7E0.01 ACH (XU - 2 E AR
K3 PAHEBHEEE fr5 EFRFEKHE Pearson % (R)
Table 3 Coefficient of correlation between monthly vegetation coverage f,, and accumulated precipitation (R)
p— Gk MIWEI ¥ Vegetation coverage
Steppe type Precipitation 51 6 1 71 8 1 91 10 A3
May June July August September October
Ff R 4A 0.049 0.146 0.627* -0.004 0.224 0.418
Meadow steppe A+ 1A 0.100 0.517* 0.716 ** 0.652** 0.366 0.851**
2 H 47T 2 A H 0.134 0.528* 0.675** 0.775** 0.664 ** 0.359
M H+ET3 A 0.105 0.50 0.672** 0.686 ** 0.513 0.073
AT 4 A 0.051 0.49 0.657 ** 0.674 ** 0.559* 0.097
LR P 0.028 0.430 0.406 0.074 0.475 0.197
Typical steppe HA+ET1AH -0.056 0.675*" 0.585* 0.454 0.425 0.451
MH+ET 2 A 0.042 0.703 ** 0.594* 0.583* 0.552* 0.391
M H+ET3 A 0.015 0.710** 0.586 0.528* 0.591* 0.205
M5+ 4 4 H 0.009 0.721** 0.583* 0.507 0.494 0.315
TR Y| 0.607 * 0.142 0.719** 0.755** 0.078 0.154
Desert steppe M A+ 1A 0.444 0.611* 0.606* 0.943 ** 0.699 ** 0.151
MH+ET 2 A 0.328 0.675** 0.712** 0.864 ** 0.866 ** 0.405
25+ 3 4 H 0.348 0.580 " 0.751** 0.892** 0.756 ** 0.631*
M H+ET4 A 0.369 0.592* 0.741*" 0.876 " 0.791 ** 0.683 **
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s %, 7E 0.01 2K (ORI bt 3 A0 .
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HA RO 5 BTN, 524 H ok R A Bk | BB S R AR, (HA RO R 5 52
R 7K i SRR K R L BRI s A 5 Bl 6—9 H AR R MBI R (M R 5 A i 2
3.4 AFAERCE TESE £, XTREIK R 1

AR 6—9 ARG R LA (f,, ) ICRAF BB 3 5 RV R BB S )8 S AR R B H AR H 2
PR 7K A 18] B i SO 3 DR B, DA B OG 2R (3R 4) 5 AFARL IR 36 B 15 24T (AT AN (] st B et K o [] ) i bz 25 D7) A
B, RHRASCR WS AERK B K TR (6—9 ) Rk BT (11—5 1) Bk 45 R sk 5,

R4 FEWUEBEZESERESEABKERN—THNEITEIT
Table 4 Single Factor and Multiple Regression Between Annual Vegetation Coverage and Monthly Precipitation in Growth Season

e bk it Poarson FH [T R PERHE)
Steppe type Precipitation Pearson coefficient Regression equation Significance DBC?SI,VE
coefficient
i fi) B 6 A 0.441 Y= 0.089X+41.631 0.100 0.194
Meadow steppe 7H 0.753** Y= 0.087X+38.129 0.001 ** 0.566
8 A 0.041 Y= 0.009X+45.878 0.885 0.002
9 A -0.007 Y= -0.002X+46.549 0.980 0.000
6—7 H BT 0.817** Y= 0.076X+34.941 0.000 ** 0.667
6—8 H G i 0.860 ** Y= 0.083X+28.520 0.000 ** 0.739
6—9 H B iE 0.816** Y= 0.075X+27.805 0.000 ** 0.665
6.7 H — Y= 0.066X,+0.080X,+35.129 0.001 ** 0.670
6.7.8 A — Y=0.087X,+0.083X,+0.067X;+29.341 0.000 ** 0.746
6.7.89H — Y=0.087X,+0.083X,+0.067X,—-0.002X,+29.385 0.005* 0.746
IR R J5 6 H 0.053 Y=0.130X+27.649 0.056 0.253
Typical steppe 7H 0.363 Y=0.070X+31.350 0.183 0.132
8 H 0.102 Y=0.050X+33.904 0.718 0.010
9H 0.233 Y=0.117X+32.524 0.404 0.054
6—7 J1 E R i 0.588 Y=0.090X+23.947 0.021* 0.346
6—8 J1 MR i 0.617* Y=0.094X+18.952 0.014* 0.380
6—9 J] KRR i 0.621* Y=0.085X+17.745 0.013* 0.386
6.7 A — Y=0.128X,+0.068X,+22.906 0.057 0.380
6.7.8 A — Y=0.120X,+0.077X,+0.065X,+19.726 0.124 0.395
6.7.89H — Y=0.117X,+0.075X,+0.039X, +0.062X,, +19.379 0.223 0.407
LA 6 A 0.306 Y=0.052X+19.594 0.267 0.094
Desert steppe 7H 0.759 " Y=0.105X+15.447 0.001 ** 0.576
8 A 0.597 Y=0.101X+16.802 0.019* 0.357
9 H 0.108 Y=0.022X+21.495 0.702 0.012
6—7 J1 MR 0.640 * Y=0.056X+15.624 0.010 ** 0.410
6—8 H G 0.840 ** Y=0.065X+10.923 0.000 ** 0.705
6—9 A BTN & 0.760 ** Y=0.051X+11.323 0.001 ** 0.577
6.7 H — Y=-0.017X,+0.111X,+15.912 0.005 ** 0.583
6.7.8 A — Y=0.012X,+0.088X,+0.085X;+11.085 0.000 ** 0.811
6.7.89A — Y=-0.001X, +0.093X,+0.084X,+0.022X,+10.697 0.001 ** 0.818

Heow x ox SPUEAE 0.05.0.01 KB 1 BEEFIE; «—" Fom AVEM .
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MAFAE Y 5 55 B (6—9 HAHBE A 35 BE A, f,, ) HAEK RS H (6—9 A) KoK & [a] iy i 82 B2 R & (3R
4) , B RfK PR 7o) i) e iR LR R R A T T R R S 7 A BK B AR M B, 7 .8 ) AR e T
JRRE B 5 i K, LA G RO B R B A KR oK TR H BRUG KL, 3 RE AR E SIS
AR 45 A A B AR DC RBCER A B B 5 H B0 0 3 SR 5 6—8 H B /K B AH G, MAEHE W 25
B 5 K 2% A oK BRI 20006 2O |, W5 Oy i8N, 3 J8 50 AR 7 56 15 5 4% A i 6 R s
56.7.8.9 HRZIL KR, Koy fEe e RE03 318 0.746 0.407 .0.818, DAl 3 288 JFARMT 4 78 75 8 5 4%
AR ZERE KRR G, e HE 6—8 H BB K B B2 i i 3

R5 FHENBEZSESFRKERN—TMESTES

Table 5 Single factor and multiple regression between annual vegetation coverage and annual precipitation

A ekt Pearson BB WL gy ERRRY
Steppe type Precipitation Pearson coefficient Regression equation Significance Decisive
coefficient
F g R N4 0.766 Y=0.065X+24.434 0.001** 0.585
Meadow steppe HERKZFE6—9H) 0.816** Y=0.075X+27.805 0.000 ** 0.665
Ri(11—s5 A) -0.015 Y=-0.004X+46.808 0.958 0.000
AR HIH — ¥=0.076X,-0.099X,+28.358 0.001 ** 0.694
KT FiT — Y=0.076X,-0.031X,+29.942 0.001 ** 0.678
WAE [ 4 — Y=0.063X,+0.011X,+21.492 0.004 ** 0.604
MR YA 0.662 Y=0.082X+11.730 0.007 ** 0.439
Typical steppe HERZE(6—9 H) 0.621* Y=0.085X+17.745 0.013* 0.386
Bi(11—5 A) 0.141 Y=0.052X+32.895 0.616 0.020
WAE R — Y=0.087X,-0.044X,+12.967 0.027* 0.451
K2 i — Y=0.087X, +0.064X,+13.315 0.040 * 0.416
MR Fi—4F — Y=0.085X,-0.009X,+13.592 0.030* 0.444
TR Efas 0.739 Y=0.040X+10.691 0.002** 0.546
Desert steppe HEFE(6—9 H) 0.760 ** ¥Y=0.051X+11.323 0.001 ** 0.577
RII(11—5 A) 0.643 ** Y=0.114X+15.625 0.010** 0.413
WAE R — Y=0.030X, +0.059X,+10.179 0.003 ** 0.619
AR HI — ¥=0.040X,+0.074X,+9.217 0.000** 0.725
WA Ji—4F — Y=0.040X,+0.021X,+4.468 0.001 ** 0.709

x xox JYRIETE 0.05.0.01 K (BUI) | 2 AE

AR S0 5 AR K AR (6—9 ) Bk i FWIFE K i (AT —4F 11 A 22445 A) ii—4F
Rk BEAF SR PEAT IR (R 5) |, R BUAF ML B 26 JE 5 S AR B B AR R ZR K B A9 50 R AR I B B AR G
NS FFON AL, LI IR I A YAR 10 AWIRIKAE 4 AR, f72: 7 D H I, 22 7 HJES 8 H
PIEGE A R, 2 5 EAT T AR B 5 B S T K (5 & I R LT—80) RS T, A BEAS )
PUAF R WO 5 B 5 & ZE KR B IE R OGO AR (E 1 o) s R S e R4S M = | 3 P 7 i) Dt DX Al
PR i [X 28 2R I bk T UG A0 B o P S B RS 3 X A 7 B0 S A A i A B
FATHEAE T, R A5 I BERA K PR 2R 5 AR A U 5 B2 AT 0] )20 Ar 48 R s i) o D TR o s A 7 i
55 AR R K A [l VORISR B9 A T RIS 2 R R A

BV ASEE 3 PSR R AT A BT SR I i B 2 R BN AR AR B A R B A2 AR K
it AR EREK R DL 6.7 .8 R K i W 3500 R

4 Tig

MRE H'E G AR 28 P LA R B AR PR AR 3 mT AR HE (] 2) AN RIS 2 e XA i i 2 5 ek i 0
HATRGFRIRIRIC R f (78 T AR5 [ 7K 22 A o 2 10 Sl 1 0 AR — B0, o e IR S8 AR 9y A8 4 7 2 B2 O
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ANBES /K AR LGP HM)7 , W] BE S R AR W7 i P X 3 KA A — R i A0 SR S T e K B A8 AT 5 AR B 45
M TEE

Xt 3 ANRRZAE £, AV EES 248 A P2 K AT A S A e B e DX AR i o /K o
(Y e SO AFE AN X SR TR R AR N SR S A — B, AN R R R A RUE | A
) B X R TR R JE X S D5 7 R X A K R IR, X S VB s A R

AR SO WU o5 5 K BRSPS T 07, U B B PR 1 R B i 52 AN [ R 1] 56 7K 532 Wi ) L
He, DUSCER P AR Z DA RUEE -, R0l 35 B 3= 2 sz WK S, 1fi H 22 RUBE I, A4 32 B e /K
LRE NFEM R TN TR, AE BB RRINER, X TR A A A 20, (B2 7, Sl
3 PRI 5—10 A A MBI, S RTIA S, AR 0Os 2 5 A KT AR R R A 2 50
BUR AR, WL, AT A 52t REJRUR B, WK e ALl 7 s B A DO e PR T2 X A
WA R & A NS NDVI SRR K 22 18] 56 2R B H 25 (6] 22 53¢, 17.6% 1A AR A5 K I 25 A
K AUH0.49% 1 DX Gl 2 FARSE , KX NDVI RS20 Ll 500 835 PRIk, AR SC AR K 1o 2 %
SGHER, 7Hr T H RO 6 B R

SCHE RIFSE 1O AR o X AR K ) R W IO 5 2%, T DAy SR o 280 285 M 00 v QS B3k K e sl 2 i
fR Bt AR RS . TE 2 s 0 IR TR R R b ARG AR o R A A i —
AW, BB 6 QLA HRoR 55 B+ A PR 36 1 ) 5 SR e HAAIE I DR [R] 3t M R A 19 '
SPLB e Aot — 0B 3 iR AR B AR R o P S e ) (5 L B v R 2 — 2P E RO S B
ai B ARCA AR o B RER DL = IS AR, D DX AR ok sl 28 ) S AL AR AR

5 #ig

A I R ST 3 A JE 2R 2002—2016 A 8] (4 56 A A B 7 T AN R A R OK gE AT a0, AR AR

4518

(1)2002—2016 AF[R] Fifi B0 J5t B0 0 J5 RIS Y60 s S 2 AR D S A 8 55 2 f,,, 5300 R 46.5% .36.3%
1 22.4% ; Fif) BLJE £, B ) A2 A SN BB RO (RER R 0.29%/a) RV B [ A R £, AN BT
R Fa S (BRI -0.04%/a F1-0.21%/a) ,

(2)2002—2016 4 3 4B X 2 AR [ K 04351 R 341.0,299.7 .295.4 mm , Ff7K 5 Bl AT B AL A0 5 B
AN FE WD) FIHE S AR 22 R EROR

(3) PN oy ) A 2 R ot A AR K A A O 8 1 1—2 A 3 I S R 3 1 BB, HL R
H T 5 4 R IS AR e S 007 R T b F AR O 5 A L i e Jer R L AR S VR i A T A K R A AR T
gk

(4)3 JE P AR A 1 7 i B X R/ R e 1, B R B A 2 T RUBE 43l 32 AR K i AR K B K
AN 6.7 .8 ARk & W3 5 M YRR 5 3 S AT JRUAR R IR 5 B8 5 2 R TRk Ze M 4L & 45 AR A4
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