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Abstract; Climate change has shifted adaptable species in Qilian Mountains, and it is necessary to explore the effect of
conversion of vegetation types. In addition, the limitations of traditional vegetation survey methods are that they can not
continuously monitor at large-scale, while remote sensing monitoring can go over this disadvantages. Based on remote
sensing and plot survey, this paper explored the differences of soil properties, herb diversity and normalized difference

vegetation index ( NDVI) , enhanced vegetation index ( EVI), normalized difference moisture index ( NDMI) , moisture
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stress index ( MSI) , chlorophyll index ( CI), meris terrestrial chlorophyll index ( MTCI) between the initial shrublands and
the forest afforested in the Gangou Watershed. In the short—period afforestation areas, the results showed that only the index
related to water were significantly different. The soil moisture was decreased ( P<0.01) after afforestation. The MSI and
NDMI detected from April to May proved that the water of forest was higher ( P<0.01) than shrublands. The water related
index in July to August and remaining index without significant difference between the two vegetation types. Soil organic
matter decreased slightly after afforestation (P >0.05). In the correlation between vegetation index and field index, soil
organic matter and Shannon index were positively correlated with CI (P<0.05) , vegetation cover was negatively correlated
with NDMI( P<0.05) , and the rest of the correlation was poor, the biomass of shrublands was overestimated relative to the
tree on EVI and NDVI. In conclusion, the current afforestation didn’t significantly improve the ecological environment and
has consumed water to support tree to grow without pressure. Results of this study reveal the effect of afforestation in the
initial shrublands and we discuss the applicability of remote sensing on vegetation monitoring, providing guide for the

plantation and monitoring of remote sensing on vegetation in a small scale.

Key Words: ecological restoration; vegetation index; sentinel-2; google earth engine; shrublands
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FREANH — AR BAEEC(NDVI) |, B SR AE BT R (EVI) K7 3B 48 EC(MST) |, B K 7336 %0 (NDMI) |, 75 4h i
S R 2 A BEAT A (A A 25 1o 11 i Pt 3R g i (Mmen) 7 ) R S R 2SR R CD) VY B S IE
AN AEARGE T Booh i@ A S T 2k A B AR5 55y BB, BRI Z B, I 4E KBS Google earth engine

(GEE ) & &~ A B 15 (19 R Ji& , HE LA B R | o v b SR T T R B mT B 340207 ekl T 3 S e
LA P A R

ARICFET GEE VS HYHKTIE sentinel-2 s - HHU AGASE BOT 45 5 2 50 5 M A5 05 100 T TR IX.
JRE T R AR T A A AL 5 IS R A R P i) A AR SRR DU REA T HE A, 48 705 R s ) e A M -5 A R e s 22
(] F) 22 55, D AR ACHE R BB A B (LA 268, S ST e B R AR 00 ) B AN A2 TS

1 #MREFE

L1 AFFE XA

ARG AL TG A0 TR B H /N (37.5°—38°N, 101°—102°E) , 4K 2 800—3 100 m, Ji i )5
KBS, SRR, HIREREL, 24 P33R 2.8—7.9°C Bk i 360—540 mm (FEH7E 6—9 H) %
St 1100—1800mm ., -3l FLHAF 0 A5 LIRS 100 3 0 HYA M XSS A MR IR A (B2 s R B IE A
T T, S Y A S ERER T 2019 AR TF AR X HE A Hb DX HEAT 400 B RRAR I AR 1 AR TR A i s A2
( Picea crassifolia) , FAME( Betula platyphylla Suk) , /N4 ( Populus simonii) ; J5 A3 AR 2E Ky 4 #5453 ( Potentilla
fruticosa) , 5 %% ¥ ( Potentilla glabra) , ¥V i ( Hippophae rhamnoides) , /)N 5% ( Berberis thunbergii ) , 4 4R 2 4
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( Lonicera maackii) , % Y1 4% ( Sibiraea laevigata) .
1.2 FEHbE A

ARYWHAT 2021 457 A O34T, 2 13 NFEDr, 6 NHEFHURN 7 DN TR ARMML (WLFE 1), RN A
24mx24m,, FTAHFERBESE B 7R I3, 9 GPS e A — AR A As b AR B ] FLLL Sm S5 R R AT AR I
AR R 2R WGS1984( EPSG:4326) , R AFEHBFHALE A SmxSm FIMEARE 7 XA 1) R FHEA T I 5., 1
A Tmx Im FE 7 AT B AE P 22 FE M A IR0 388K 45, — > X6 0—20,20—40,40—60cm = 2 B 4= 53
S HAA ML &

F1 HHEREER

Table 1 Basic Information of plots

- \ . Wk , N g R
FREA Rt Wi Hifw) 5214 Mtz wE Crown Stand
Vegetation type Plot code ~ Slope/(°)  Aspect/(°)  Altitude/m B3y R DBH/cm Height/m area/m? density/

Cover/ % Height/m (#k/hm?)
TR Tl 15.28 333.42 2880.88 35.52 0.50 2.17 1.40 0.59 937.50
Forest T2 29.56 276.64 2890.00 74.40 0.92 2.89 1.66 1.17 260.42
T3 22.87 15.97 2927.42 59.54 0.58 2.37 1.71 0.33 954.86
T4 28.74 355.40 2874.54 74.84 0.66 3.00 2.03 1.11 2771.78
T5 32.90 27.74 2895.96 50.02 0.67 4.05 2.44 2.16 468.75
T6 36.53 30.53 2923.00 52.06 0.69 3.24 2.02 1.59 746.53
T7 22.55 3.15 2897.39 75.22 0.80 8.42 5.07 3.81 1041.67
TEF Gl 13.65 347.23 2973.00 12.27 0.27 / / / /
Shrublands G2 15.97 357.95 2961.72 24.11 0.24 / / / /
G3 15.36 341.38 2857.31 19.63 0.32 / / / /
G4 34.29 271.82 3015.24 87.69 0.92 / / / /
G5 30.84 12.13 2945.13 27.78 0.43 / / / /
G6 36.79 30.60 2983.20 71.32 0.88 / / / /

1.3 I

5K A TRIME-PICO 64/32 TDR {455 437Kk 73 1 A &t , SRAF - HER ] GB7858- 87 ARkt AT
AP
1.4 R JERECHE AR IO b 2

FHTF Google Earth Engine ( GEE) *F- 5 3RHUY) Sentinel-2 44 ID . (COPERNICUS/S2_SR) , B 5 K H IR
JEI , ELRHR A0 BOKE B2 10m (W38 2) , Sy /N RS Bl 9 e B 41 1 B 2 vT . BB 48 CFMask B39
JEH) QA BBl AT 2 = o MK 7—8 F A A K ZE R KRR ) ey ,4—5 H MY & 28 2 R
JH NDMI F1 MSI ZE4RR4F 4—5 H d5e/ AR ORAE, 78 7—8 H S KA/ ME ) =AE 75 AMERTAE P K 70RO 347 e
M FEAFR B R 5 RAE-& B2 ( Maximum Value Composite, MVC) 15 BR 1% 2238 B 2019 ,2020 2021 =41y
ES PN

®2 HWE2HEERER

Table 2 Basic information of sentinel-2

Ik I BETEE Band width/ um) AR || uhE I BETERE Band width/pum) 254N PR
Band Sentinel-2A Sentinel-2B Resolution Band Sentinel-2A Sentinel-2B Resolution
B02-Blue 0.440—0.538  0.438—0.532 10m BO7-Red edge 0.769—0.797  0.766—0.794 20m
B03-Green 0.537—0.582  0.536—0.582 10m BO8-NIR 0.760—0.908  0.774—0.907 10m
B04-Red 0.646—0.684  0.646—0.685 10m B8A-Narrow NIR 0.848—0.881  0.848—0.880 20m
BO5-Red edge 0.694—0.713  0.694—0.714 20m B11-SWIR 1.539—1.682  1.538—1.679 20m
B06-Red edge 0.731—0.749  0.730—0.748 20m B12-SWIR 2.078—2.320  2.065—2.303 20m
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InN

Shannon ZHEPEHE %L

H =- 21 pAnp;
Pielou 5] B84
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InS
R N Margalef 5 BE45%%, H' & Shannon ZHENEFEEL, E 4 Pielou B2 FEEHEEL, N MM/ MAE S
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1.5.2 EEHREOTA
7E GEE V-4 B R T Hh B AR AR 22 0 WGS1984 ( EPSG - 4326 ) 3R B 12 1 #8071 A8 b 10 47 H48 JIEE LA, 445
15 AFEHLAY = A2 6 AMHIBEE L, 2050 0 FH DL HE AR Bl 78 5 175 D0 A0 4 R 50 M Bl T — T8 B0 (NDVT) P2
BESRAR AR B (EVT) 5 B LA AE A Bl K 43R B0 A0 7K 3 F8 50 R K 43 45 B0 (NDMI) P K 43 i R E
(MST) "7 s FH A AE G 15 f BREDR B0 B 21 A B AT A RO B FE 550, SR R LT AMEEL (C) FH T 0 e )2 P g -
GBS O R AN 4 2R A B Bl S B R R (MTCT) T R AL 3,

®3 HEREBREHEAK

Table 3 Vegetable indices and their formulas

i el LEEITicE THRA WS 2 3 I B
Index type Vegetation index Formula S-2 bands used
EL IR NDVI (pNIR-pR)/( pNIR+pR) (B6-B4)/(B6+B4)
2.5x( pNIR=pR)/(1+pNIR+6xpR~7.5x
Structural index EVI bl () PNIR=pR)/(1+p e 2.5%( BO8-B04) /( 1+B08+6xB04-7.5xB02)
ue
IKATHEEL NDMI ( pPNIR-pSWIR2) / ( pNIR+pSWIR2) (B0O8-B11)/(B08+B11)
Mositure index MSI pSWIR2/pNIR B11/B08
R cl (pNIR-pRed1)/( pNIR-pR) (BO8-B05)/( BO8—B04)
Chlorophyll index MTCI (pNIR-pRed1)/(pRedl-pRed) (B6-B5)/(B5-B4)

NDVI A — AR AR S EVI: H SRR BE 40 NDML AR 7485 MTCL: Bl M2 3245840 MSLKZMBRa F 5 CL M 4R 2DME R

1.5.3 Bdsnr

530 FEAS TR AR kb I B A 1 B Kk i, A ML & i, BEAHE Y 24 1, NDVI, EVI, NDMI, MSI,
CI,MTCI I 192554 (P<0.05) , #| ] shapiro ( P>0.05) K 5 1F A3, 3 5 46 564 FH 2. JF 255 2243 #7 ( One-
way ANOVA) , Al Fl Wilcoxon 24T, B0 LAFA Lk AR AR P EREE O 2 280, DA 40
Ab 3 % i R A AT AE RO stats 4117 tidyverse £ HEAT

2 #R

2.1 EEH ST BRI 22 5
FU A W b RN T ARG = A7 AL B BB AT M8, U K P8 500 A AT Bt S A0 Lt s v o B B 3 e 22
5, Hid 4—5 A )y MSIHEEARMAKTF (P<0.01) TeAM, 53510 1.69,1.55 ; NDMI $5 50 - Fe ARMOK FHE H ( P<
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0.01) 439 -0.213 , #EA N -0.253, 7T—8 H 13 7K 43 F5 B 50 oo A1 5 AR PR EEAS A 6], NDMI 43 51 4 0.322,
0.325,MSI 435124 0.514,0.510, 58504 Z 55 80 v 5 3 R Z W) JC ik 25 22 5 (P>0.05) , TR ARBRHI
FEARMRIG NDVI 235124 0.836,0.840, EVI 235124 0.693 ,0.714 , PR B2 B (1) 45 ¥+ B0 Jm T ol 7 o w8 3
PR AR TR A A 58 K A < 25 [ T B 0 b S A A R, i 2 Z 48 0, MTCL 7 R AR R - 0.702, ¥ &b oy
-0.688,CI 7+ A N-0.879, AN -0.844 . HA AR ULIE 1,

§ Wilcox: P=0.59 0.85 Wilcox: P=0.35 -0.7 Wilcox: P =0.24 » -0.60 |  Wilcox: P=0.24
E Bk 2
. . R=]
5038 %; 0.80 ‘ ‘ :
s .. = . -0.8 : -
B 1° =5 . FE : : §‘§~0_65 {
m o R = 075 ¥ £ i S . -
?80484 . B . 5= : .. ® 5 ..
g 2 2 SE [ £ :
g = .2 070 #* o l 2 Z -070 .
BE =3 Ko =5 7 A .
23 g £5 2 T L
-§ 0.80 = 0.65 -1.0 @ . *
5 a 2
-0.75
£ 0.60
Z -1.1
5 0.1 Wilcox: P =0.0029 2.4 Wilcox: P =,0.0031 Wilcox: P =0.80 Wilcox: P =0.82
E 4—5H 4—5H 0.40 *I 7—8H 060! 7—8H
o M T
5 P
é s 1 g 2.1 £ . ‘ £ i
§ E . A S #2035 ®E 055
%3 ) e 5 & EL : =L s
> 5] % a3 1.8 o 3 a3
x5 . =73 =3 23 :
BE 03 R E RE 030 <. . &5 050 ..
23 Py *E | F *E i
N 5 15 5 . S .
S “ “ 0451 * .
E o4 025 .
Z 12
FeARMk R FeARMk  HERH FeAbk  HEFRH FeAMk R
Forests Shrublands Forests Shrublands Forests Shrublands Forests Shrublands

B 1 EEMEFAWERIEE

Fig.1 Vegetation index between forests and shrublands

2.2 FERUH S IRARMIE AR R0 2 R

I A T, AR T AP ) S b ] A R AR B SRR A, 5 /K R B 1 5 (P <0.01) i T bRk, bR b 8
53R 33.35%, 31.60% , A7 HLIGTHE b B G0 T 7R AR AR (P>0.05) VR M I T AR M 518 114.48
g/kg, N 93.51g/kg, WIRMAE#EZRA + A HLTAE 0—20cm ,20—40c¢m ,40—60cm 4371k #E B 1l (137.43 g/kg,
101.15 g/kg,81.69 g/kg) FIFF AR (103.28 g/kg,101.15 g/kg,81.69 g/kg) , FE B M2 i F T A MK H 44 6 3 16
FERIBEINTIE/N . Margalef =5 BE 45 %X, Shannon Z2FE T8 U Pielou 347757 B4 B8 by FIEE L pib 14 0 tnb 385 22
S HER M A TR R AR Margalef =5 FEFE 5043914 1.76,1.80; shannon ZHEEFE R4 1.67,1.77 ; Pielou 13
SIREFERU R 0.69,0.73, HAM A WLIE 2,
2.3 FHBR S SE AR bR A OGP

FRATEbRAE ST 2 (18] 3) |, A0 78 56 B 5 MST A0 ¢ 5 NDMI BUEAH G (P<0.05) . B4 CI 48
5 A HLUTUA Shannon ZFEHEFEEY 35 IEAH X 0.61 (P<0.05) , Shannon ZAEMEFE 505 MSI i AHE
H-0.60(P<0.05) , HAAE B AR E0S SEHIAR R A A O (P>0.05) o L A 2 T8 HUR BL, EVI A NDVI S AT
i HLAH OC R B IR R T 7 o B IR ) e b A 3 S A D F BB (R 4)

3 iTFig

3.1 MRS RY R
IR A2 BRI A A K A B B R 28, H A KB 1 RO IO T - 3Kk A i e 2 U ) A S ek 3 SRR B0
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Fig.2 Survey index between forests and shrublands

AR 7> KB, 4—5 H Ay BEAR B SR BB AR TR AR, M 7—8 A 3 PR B S BUK 73 ZEASFH ] , 3 vl fig
ST, 4—5 A BB TS T R IRAKEAK A 7 H 0 1SSt 8 A S HE A (1 3K oy 35
TIRAM, AL YR 7T AN | 1 Bk AP B T RE b1 T W4 A — S BE A T IR AR R TR =
TR KO AR FO SRR JZE K AR AT T, R AT RE R TR AR TR TR 2K A A K e R
S A AR I 3 B 5 i e T HEAR FBK R 2 A E LA R U R 1 L K S B AR, 5 AR ST
SERARTE AT RE R T AT B0 AR AR P B85 7 17 5 22 57K o3, AR R S8 A B RIS PAT , K FH A A o, S 35
EHOKGBAR, T3 AMBAT W RT3 B s 2 i A 3K 43 14 T A O L BE A ek I B R 2l 2 AR
IS BT ARMGRZ LK BAR, HIFAR LI B, W BUA S I B] 5 AR 3K 70 I R A 18 Ak
DR AR A R A R 250, BBt RS2 K o0
32 EMHEBCRGHY R

TR R B SEA QR AR AR IR S, R4 A IR RESC B MR R AR B
T 50 3 AL 3 AT LA s b S LI A 2% % (EL LR 5 2 4 rh e DA AR T 0 462 0 A % 2309
DX, TER IR BRMANEA Wb R B S 28 A LT 35 12 0T AN W L2 0 2 BRBE I R 520 ) Hong %517
S SRR T MAOKT - A HILJS RS8O0, 1R A DX A L 5 B DR, — MR B St DX iy - S
TRHB I | AR YA FE DX A HE o+ S ML AT BI(E 114,48/ kg J& TA LB B ML, BEAKS 3
AHUBTIR D5 HATFFE 45 R — B RS MO A BT A4 50 J0 R AR R SR B A= A PR A B AR T

http ; //www.ecologica.cn



2
He

7368 H Eire 2%

NDVIx’x"xxxxx.xx

><c1><><><><><><.><.><.>< 08

X0 >< EVI . ‘ . X X >< >< X X >< >< 06
X X 086 | Mrcl | X X X X X X X

L 04
0.63 X 0.59 NDMI 78 ‘ ‘ ‘ X X X X ‘ ‘
—0.64 X -0.58 X ~1.00 | MSI_78 ‘ ‘ X X X X ‘ . L 02
X X X X 0.69 0.68 |NDMI 45 ‘ X X \“t} X . .

) H%

X X X X -0.68 067 | —099 | MSL45 | X X . X . . =
X foa | X | x| x|x|x|x || @] @ x| x - 02
X X X X X X X X X1 | Water X X o4
X 0.61 X X X X o X0 X Shannon . ‘ X

-0.6
X X X X X X X X X X 0.60 | Margalef X
X 0.59 X X X3 -2 )¢ -0.58 X X 0.92 X Pielou . 08
X X X X 0.67 0.68 069 | -0.71 X X X X 058 | Cover

-1.0

E3 Btz EEXREER
Fig.3 The correlation matrix between each index
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ZREE R MR 2 RERAEIS | SRS SIS 2 252, ARG AR i AL T2 AR B B R TE BUAR
P o B AR IR B VR AR S M 5 /N4 DT REAR S0 1 R e A 8 A 3kt DA 7 — T A i e X 6 U 4
AT DA SRR ARAE R A SE e A B 25 G e SR W v s oy AT fE R 1 18 SRS 50T ok e A i 3 PR 2 5

SRR R ER T 2 AR A [ T P 25 0 R 5 T IR R AR (P>0.05) , AT BE H T AR i A AR P AR B 43 o
e R M W IR, PRI DA A 1 25 SR T LA H 300 90 B et o T s AR DA A R P58 I oA 7 A T 3%
3.3 EEOARARAY
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Fig.4 Relationship between vegetation cover with EVI and NDVI( Red ellipse represent the value of index is higher)
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