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AFF R Aol & 55 B HORFE S LR E, JL5T 100091)
HE: (B8] IR ELERKLEAECERREH “Z0” (J\, £ Ahdb) FiFk, BHFERFHRLAE S TN
RO TEN, AR TLBROAEAIS A TR RERERE, [FH] ARBHEL T ER AH, X T Landsat
TM/OLI #4%, & AT =5 kA5 5L 2000 = 2017 SR £ B, S6HBE . WEFMROI M AT > FHIE, [ £
R ) O ERXFHHAME L EM 2000 4545 24.98% 35K 3] 2017 469 53.34%, LERG; QWM B L E TP T FH
@A B R K, A 44.70%, FPAFTREFE; 32000 FHAME L AERI ZHEAB A, 2017 FHER I & 35
J& By o 2000 F= 2017 SALAME B JE R R IG s B, ML 25°~35° IR K AR, HLARE & JE M & 09 TALA K E]
AMRK A M. EWM. EMk, Mik; @FHK<1300m, HE 15°~35°, Fxo. PkFeE MR R &, Ak
55, AHEBEEZEGRLA RKR, [£#] 20002017 FEERHAZREALY, BR. WEFRGERY L4 TH
WBEBEAEER, AARAZRARFTHZTR, B2464%527
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Monitoring of vegetation coverage change in hilly and gully regions on
the Loess Plateau

ZHANG Shuting', WANG Xiaohui*?, PENG Daoli', JI Ping™®, LIU Hua>’, LING Chengxing*’, HOU Ruixia>*

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Research Institute of Forest Resource
Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; 3. Key Laboratory of Forestry Remote

Sensing and Information System, National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] The present study is to analyze the vegetation changes in areas with severe soil erosion
on the Loess Plateau since the implementation of forestry ecological projects such as the Three-north
(northwest, north and northeast) Shelterbelts and Conversion of Farmland to Forests, so as to provide basis for
formulating reasonable ecological restoration and management countermeasures. [Method] Taking Ansai
District of Yan’an City in Shaanxi Province as an example, the vegetation coverage in 2000 and 2017 was
estimated by pixel dichotomy based on Landsat TM/OLI image, and topographic differentiation characteristics
were analyzed in combination with altitude, slope and slope direction. [Result] (1)Vegetation coverage
significantly increased from 24.98% in 2000 to 53.34% in 2017. (2)The proportion of vegetation coverage with
extremely significant increase in the study area accounted for 44.70%, which was concentrated along rivers.

(3)In 2000, the vegetation coverage gradually decreased with the increase of altitude. In 2017, the vegetation
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coverage increased first and then decreased with the increase of altitude. In 2000 and 2017, the vegetation
coverage increased first and then decreased as the slope increased, and reached its maximum value at the slope
of 25°=35°. The order of vegetation coverage from large to small with the change of slope direction was shady
slope, semi shady slope, semi sunny slope, and sunny slope. (4)When the altitude was less than 1 300 m and the
slope was 15°-35°, flat land, shady and semi shady slopes had good water and heat conditions, with easy
vegetation recovery and the largest proportion of high vegetation coverage area. [Conclusion] The vegetation
in Ansai District showed a trend of improvement from 2000 to 2017, with differences under terrain conditions
such as altitude, slope, and slope aspects. Ecological restoration countermeasures should be formulated based on
local conditions. [Ch, 2 fig. 6 tab. 27 ref.]

Key words: forest ecology; Loess Plateau; vegetation coverage; change monitoring; topographic differentiation

K 3 R i SR I A IR AR PR K AR b R R, S E AL, s Ak
KatiRib, B =M, 20 el 70 AFARLOK, REE B L FARMADR « =d6” (75t fedufiR
Ab) BiP AR TARE . IR HFEAK () TR RARMRAR Y TS — R A S AR A TR S, 3+ i JFUK 3
JIRHRIAT T — A ARG S5 B8 55, ARAREE S AU ™, R R AR R BT, MR 9
A7 T BRI ES RS B RS SR, B R R AR AR PR VR R I, TAT I B A )
M. AR 8 ROl TR R PR RS T, R A B K £ R B S A R
KHEAT 551 WP R AR o A i R B SR, il M 22 SRS R o A B, Tl R e A LAY
DB EFE B R UMK SR . B NINE A D2 AT A OIS, T SRS R L B
RV ) 6] (4 OC F2, O A1 b o) 48 1S 3 MRORD A7 RS B U A b o DR kB A R R R 2 L
MODIS. NOAA/AVHRR g, MHBSR I 3 Afr 4 A 1 4 e B sl 2 48 Y BBl N A i s 1 ol oY, |
DR X 42 i B4 25 TR 43 3 R T v /N RUBE (A 9 06 A B 7 T A SR (>0, BV 4 S e T 2 SE X A T
wW R R, REEEBEKERATEAMX Z—, AESERS, R =407 Biak . B RS
(B TSR X8k, APk, ZIEXAEGE S A it R, AR R, HRC 06 T/~
H R ILE AR, TR A T BT, AR A4 ZE X 2000 4 Landsat TM F1 2017 4F
Landsat OLI 5218, 2546507 = AR B (DEM) Az i i B L 303 5 030 1) 40 B A e 7 55 190 28 Ak % 4 A7 R
B, DMPHTFRAES TR, R ESREREtEmecs E ARG R E iR I %,

1 HIRHX G5HEFE

1.1 HRERER

FEX (36°30745"~37°19'03"N, 108°05'44"~109°26'18"E) ff TREPG AL, 4 HiLER, Hikbvgdt
PRI B e S, SR ) R S R B e AR, R TR 2 950 km*CHEHf 90% S, b
vt . AR, R 997~1 731 mo MUY DLEE 00 0 A sk ek . B Rk B AN AR
Wit . SRR IR R R T R AR, AR 8.8 €, AEFEKE 505.3 mm, oK Z
1E7-9 A, 4FHZ84 5 1000.0 mm, 2R TREKE, TR0k, LRt b 55 B K
Hy N E, BRZAPUSHRRIYI T, BCASRE 2, PUiBE k. Bk, #FEIXOK Rk, KRk
AR B2 97%, T8 T 5RBEK iR X, A T AR JEURE 5 1o 82 T 7 I ol bR e Y, A M
MV A AL 22 TR . RARRAEMET AR NN S, N TIN5 Populus simonii, 1145
Armeniaca sibirica. FI¥E Armeniaca sibirica X A% Ulmus pumila EER R DS, A TEILER o
1.2 #HERIR

DL Landsat T2 524 0 8088 U8, rh A R 27 B B 23 (8] 508 = °F 5 1 2% (http://www.gscloud.cn/)
2000 411 Landsat TM 5214 11 2017 4114 Landsat OLI 521% , B2 25 8]0 PER R 30 m, #5505 H
127/34 F1127/35. 2 WIS AR USRI R B g ARA T B0 6 A, Bri#ss, WA XS . s ME5E
We, T LIRS TRIAHE , 3R S A (R AE B AR R 1 U1 22, A A T I JRe A e 7 i B 1) 3 R T U
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T IR A 55 R MR R AR AT, ARBIFSR A SR FH T M TE 4 BE 34 30 m ) ASTER GDEM V1 (7 i
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1.3 ZEmaE

FE ENVI 5.1 5043245 FXHEARU T AL B . XA T8 S e b AR SRS I, THBR RS . K
AR R BAA SRR A S R A R 5 BSOS RGP R Z A 225 . R X I8, E2eE T
ISR Z AL AT S RBA B . JrOr S sgmg, BASSE IR 1) BB A s, SeE(EARAR, PRI BRI
MR, e H R . HUIE R IE 2B A2 I IXGE B A2 WAL B SR 209K . A9 v T SCS+C #b
TEREIEDS, JHBR B R AR S [ A SSRGS 2 BE (A AR, (o 545 T g b S W b ) R G A A o e J R
FHTRI S 19 % 1 100 B 26 B ARAR AT 5% IX 1 18 T R o
1.4 HEEBEEERK

TG0 4B RY JE AT W 7 o5 P A R R LRSI 2 — | HAR R R B A R AR T A T — gty
BT, RIS RIS R SRR PR AR R RAOC . RO AL T Syeq Al Seon 2 4
ZHL, Seeg B TIRTCH MBS B, LIS RES RIS, S WL T ALHE RHERE | 52 Bl
FAVE S + OIS E B, IITHIES TR, R R 355 X R R B 1%, A TH
P T AR B . 80T A AR B LA R TSR SR B R SR 0 1 . U0 — TR A A AL
(Inpy) SHIBEHE 36 2 MIAF RS A 2R ME e &, BB A i AE FORAS M v 7 26 55 8., M ARt 7
FETHRARY Ry

Inpv — INDVmin

Fc % 100% (1)

INDVmax — INDVmin
KW H: Fo MHBEHEBZIE (%); Inov MH— LR BIEE Inpymn N JCHE 8 H 321400 Loy 1H ;
INDVmax N T8 IR 55 M5 IT ) Inpy (B RS oy GEiTETEL, DL 1% 2 B

TR MR S5 AR, R LIREN 1, /NF 0 BIIRME N 0, SR XAl Wl o5 S b A7 4)
P, MIEC A", KA RN 59 IR PR W5 (Fe<10%). BARAE BB 35 B (10% <
Fe<30%). "B E T 0% <F.<50%). B HEEIE (50%<F-<70%) Al e 5 (Fe=
70%).

XF 2000 F1 2017 4F-FE Bk 7 35 1 R FH 22 (A 2 AR U 9% 78 36 B AR AU (E (D), 1 B BE AT L 3 2,
BN T E S E RS . D<-30% MW B EWH D, —-30%<D<-10% K @ W >,
~10%<D<-5% NE W EWL, —5%<D<5% N EEL, 5%<D<10% HEREWEM, 10%2<D<
30% B EWN, D>30% Nk N,

1.5 HEE SR

B SEAR DY o3 A Y EEESE M N 2R . AL ArcGIS 304 M DEM $8 i S B4k . B B Al i Bl . 45
BT X SLBREHAT 9, SAPE SR, 3B o6 B AR AN [F] b T8 BR B v (9 43 A F S Ak 22
Sto UIEDUEHR K 997~1 731 m, RSN 6 G GEAHIE XY K BRI, %K £ A JE A
K 8N G AR AL kP RS 6 P MRIEHLER A L KCRBHA S 1, db eV
Yok T, ARACHENE, FIE R R PR YO AR . demy . Padbie . ZRie . PR ZREd e .
FEm L VAR, B E R XA A A, R 5 R MR R A E L LR 1.

x1 MWERFIREER

Table 1  Terrain factor classification and area

R R /m R LG H/% BB TR A3/ % i TR LA/ %
1 <1100 2.65 <5 4.99 - 0.34
2 1 100~1 200 12.09 5~8 7.04 45523 25.30
3 1 200~1 300 29.55 8~15 24.39 S b 24.36
4 1 300~1 400 37.54 15~25 38.68 LB 2437
5 1 400~1 500 15.95 25~35 20.73 PR 25.63
6 >1500 221 >35 4.18
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2 HERGAM
2.1 2000 #2 2017 FHEHBEEDTHER

2000 1 2017 4F %2 Z€ [X - Y4 Fe 9 78 55 2 43 ) 4 24.98% Fll 53.34%, S0 F I (% 2). FH
2018 4F- 8 JWFFEIX PN 40 /A S0 et A o 7 o B B E ARG B IR E, AHOC R B 0.729 0, UEBAMGRE
SEBRE A —E B A . 2000 4748 FE XM A B o P R ARG, o B IRA B 35 S 57.57 %, (IRAE DY
BEAE Y 18.18%, T AFAH B 55 BE 7 16.34% e M AR o SR ORI R R OB i B AR D, ARG
4.28% F13.63%. Hi 2000 422 58 XA B 7 w5 2 43 B (11 1) AT L. 22 SE XA B S BRAR IR A AT R b 22 57
B, P RRAEAE R R R B i R SRR AE AR, A e 7 i P AR A

R 2 2000702017 FREXERBEZEERSZIT

Table 2 Statistics of vegetation coverage in Ansai District in 2000 and 2017
= R 5 Bk s HhAAB B S B e R o R R i P AR
WEkm®  WO%  WEVKm® Bl ERVm® W% mEVkm® Bl mRVm®  Lefioe  BOELEEL%

2000 536.21 18.18 1698.25 57.57 482.17 16.34 126.28 4.28 107.09 3.63 2498
2017 87.02 2.95 487.64 16.53 815.68 27.65 749.60 25.41 810.37 27.47 54.34
20004F 20174F
; B[4

P 451 A

| RN

B

T S T R

I

P #i

(i

] &

=

0 10 20 30 40 50

™ a— m— PR

B 1 200042017 A% EEZEH)BTER

Figure 1 Vegetation coverage classification in 2000 and 2017

2017 42 FE XA W 7 56 B ARAS RGBSR B3 2000 4F R EERE T o (IRFNR (IR AE Bk
P26 BE T AR D, P A A 26 B T R S 2.95% ., A e R v AR A 6 B TR ) 5 27.65%
25.41% F1 27.47%. W 2017 448 9 78 25 55 oy A :

It
(1) AT e 22 2 DR o 2 Bl g 1] T ik A
FAF, ACHS 3 B R AR AR A D 5 X, AT

IS 2 e L 7 B ) AR K A AR A, AT T
AR JR i Ry 35 A I S X
2.2 20002017 FHEHBZ=ETHL

20002017 4172 ZE X A 1 7 7 IR 00 I b g e
DX 3 N AR 7 S B TR RR B o (1 2) . A
Bl 7 55 R b RN S S T AR 77.38%, Hrh
e B IE I L BIER,  44.70% . R 35 FE AR 0 10 20 30 40 50
3 BT X A T 2 S X AT R R, AR BN NN W kn
iﬁﬁ%“MEﬁf%&$fﬁ%E%@%%ﬂ B2 2000 F= 2017 FHAE EE TS B TEH
b, ZEEXA 177.83 km? M B 7 25 B 4% 1 U8 Figure2  Vegetation coverage change classification map in 2000 and 2017
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A REAE 6 T 0 A DX AR P R T ) R AR R A MR, 3 DXl e 7w R R A, s )
AK.

N S AE 1 7 55 A s2 i R . 1999 4F LIk # 4 v& J R BB St (iR FF A AR (7).« =k
Bdrpk . RARMARS 55— R AV E SOl TR R S M E R R — il Ch EMOL S HE
WEVIRTS L FEIX 2001-2017 AEF3E MBI (32 3). 17 alf], ZIEXIEBRBPREAR . RSO AR T
BT, AN T 1 148.95 km®, "KHFE AR 74.18 km®, H 1L F Ak 99.53 km®, & &R Lk
13.34 km®, ZFERXIHLK AN TIEM . CIGEMARMEIL B =FE5E, WA oE 5% . 2001-
2003 “EEARETAR R 2, {H 2004-2006 4, BT T 560K, KEVB Hippophae rhamnoides N THRIETF:
b vl 55 B I NIRRT MR IR P AR, FIRIAEE A FRK S DI RE RS B AR, XGRS
AP RAH R LEK LA, H 2016 450 %% XCR B oo BT RIRIEMIE &, DUR T AR AR

B, SO H 1

*3 REREHNERG

Table 3  Statistics of afforestation area in Ansai District

T M A km? TEHR R /km?
HEA SR
PN 7 NI v N TS N L= N X N 5 ) ANL#bk iEEAR BEhLEA BB E

2001 341.73 14.17 3.33 - 2010 27.06 - 6.67 -
2002 213.84 13.33 3.33 - 2011 18.67 - 10.00 -
2003 180.94 13.33 2.67 - 2012 50.00 - 5.33 -
2004 6.66 6.67 6.00 - 2013 76.47 - 1.53 -
2005 21.33 - 6.67 - 2014 53.34 6.67 4.67 -
2006 33.73 - 3.33 - 2015 14.66 6.67 6.67 -
2007 20.80 - 3.33 - 2016 16.66 6.67 6.67 6.67
2008 4127 - 13.33 - 2017 16.66 6.67 6.67 6.67
2009 15.13 - 9.33 - Bt 114895 74.18 99.53 13.34

Y —FRIZIUC R

2.3 HEHBEENMTE S REFE
231 ARARE B EMER G TN RIS AR E ST (R 4), 2000 4722 9E XA 1 7 55
JE BE TR A YE I R BCR R H, 2017 4R A8 9k 7 25 5 Bl 38 T SE s s sk /b, 7R3k 1 100~1 200 m
PIRE 7 55 R e, R R R A 7 5 R AR TP 7EVEAR 1100~1 300 m X3,

LUAS S TR SF A 7 5 L 2000 AFERF ST XREARAE W7 o BE AR, AWK AR N, B Bl 7 25
Jr A B R, A 49.84%0~60.32%; R AR 4% B 55 1 AR LU B D, Ol 1.88%0~5.44% 2017 AFEK <
1300 m X3k, TR LG e K B2 R AR B 5 B2 5 W3R > 1 300 m X J, v AR B 7 o B2 T AR LU ) A K
TR >1500 m I, 30.10% NEARM WA 555 . 2000 12017 4F, 764K 55 9% 1) A R ok 78 =6 2 1 FRUBE
PRGNS 0 R b B, BRI X TR R 1 200~1 400 m(3K 4).

K4 REXATREBHERESZENEREN
Table 4 Area of different vegetation coverage at different altitudes in Ansai District

AN [ AR A o TR AL Ak

MR
i <1100 m 1 100~1 200 m 1200~1 300 m 1 300~1 400 m 1 400~1 500 m >1500m
20004F  20174F 20004 20174F 20004 20174F 20004F 20174 20004F  20174F 20004 20174F
fi& 13.02 8.63 42.73 12.65 106.73 20.67 222.77 33.92 110.71 20.22 17.96 4.65
LA 38.95 17.28 205.29 43.12 525.59  106.89 650.04  206.63 267.36  112.57 38.17 19.61
hsg 19.44 16.68 83.21 78.72 18331  240.82 14559  326.54 4940  136.02 5.40 17.93
L 5.17 15.08 18.55 97.19 3832 250.83 40.02  262.54 17.34  100.34 1.94 12.02

= 1.59 20.62 6.69 12498 17.54  253.46 48.70  277.79 25.60  101.69 1.69 11.04
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232 AARE EF ARG TAME  RIEA R AR SRS (K 5), 2000 4% FE XA # B 55
JEE 33 o B g B, MEEAR /DN 2017 AF AL 55 R A R G e i s, WSl 25°~350R,
7 5 R K

x5 REXAEEEEHESZENER
Table 5 Area of different vegetation coverage at different slopes in Ansai District

AN RIS A A5 = 1 TR Ak

H - . o oo o150 o
. <5 50-8° 8°~15 15°~25 25°~35 >35
20004F  20174F  20004F  20174F  20004F  20174F  20004F  20174F  20004F  20174F  20004F  20174F
1% 4089 1225 5328 1413 15651 3470  179.69  29.56 70.72 873 1281 136
BAE 7784 3787 11248 5015 40070 14680 67401  178.09  381.89  77.14 7848  16.06
T 1917 4118 2810  57.86  108.00 19947 19344 31047 11261 16940 2502 3832
B 488  29.46 707 43.77 2798  165.49 5020 292.10 2676 171.82 444 3536
] 437 2642 6.69 4228 2595 173.03 43.16 33122 1921 184.66 243 3198

PRS- I B S S A O B 55, 2000 AR IGAR B 7 25 B T AR L9l B K, oM 52.90%~63.67%; i AH

PR 5 BT AR, A S TR 1.97%~3.78%. 2017 4F, B <15°F1>35°[X I, rh&iiy
P TR, TF 27% ZoA4T; BB 15°~25°. 25°~35°, mAtpi i s A LB, A0k
29.04% F130.21%. 5 HE w5 7 i FE T AR B T 4538 0 2 e 0 e i /b iy R e, 15°~25° 8¢ FE T AR K, {H
2017 AR B 7 26 FEAE 8o~ 15 M R, TR K (3% 5).
233 MAE EE RS G 6 TACHAE  ARIEAS R A T SR (R 6), B FE XA 56 fh
SR Y . 03 PFHSE . PR RIPEYE . 38 4530 m) SRR N AR B B S, 2000 AR IR R
BAVAT B 7 55 B E AR LGS R 50% LA b, {H 2017 4, SFHb . B3R B3 o D e AR DY 7 a5 B ol Rk
R, AR A )k 28.84% . 34.8% F1 30.78%; 2 FHIk . BRI LA Sk B S v B o R, AR
153514 32.63% Fl1 29.54% . UiBHIISE | 1B R 8 26 AGE UL T RIS . B3 . 2000 47, FASAEHE
Pl AR, B T v BRI T AR A 477.43 km?, KT BABEAY 390.71 km?, 2017 4F, fRFIE
B e FEAE B IR R K, e P S5 R v e 7 B PR T B A K

xo RERXRAREEENREBZEHNER
Table 6 Area of different vegetation coverage in each slope direction in Ansai District

AN [F) 3 i A e 7 2 TR A ke

ki ; "

s b 9335 4 B PR3
20004 20174 20004 20174 20004 20174 20004 20174 20004F 20174F

(IS 2.73 0.68 149.15 29.73 127.66 22.92 112.69 21.33 121.68 26.07

L3N 4.77 2.00 390.71 116.14 409.99 114.08 442.5 122.67 477.43 151.22

g 1.51 2.38 128.30 170.94 119.73 184.08 117.5 212.48 119.30 246.82

B 0.44 2.05 41.25 169.86 32.63 176.63 24.78 190.21 22.25 199.24

= 0.50 2.87 36.69 259.83 28.45 221.29 21.02 172.47 15.16 133.14

3 it

ST TR R I AR LI A, R LRI TR AR RS A0, T2
FEMIB AL AN . S BRI I B A, TR (UK AR PR PRS2 0F I 3R (it
M) OB, R IR S0 Sk B o ST

WM IR | IR AL, LRSSV MR ok . 2R <1 100 m
HOKI, A | KA PET N TR PRI B SRR ST ML 0 T T S AR
P BRI, CCRPEIR, 1400 m DL BN BRI R X, RN, HYRE, 2R
AL, RAUROKAEI2, AOUTRD, TR HRUCHE (1 ARCSLRE N T I , RO o 2 R
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RS R B W) B S BE RN, — RIS BORA X, BURB D, B2 AR S0 R K
/N, TRRRPERR M2 . PFSEERI] . 15035 R, AL & R, BEAKEMLE, R
PEBE 6 RS X T <Semt, ARG Sh7E-FiH 4 A%, SHEE A — e, &%
X IR HF S >25° L) E RS SR BEIA AR, FIrLL 15°~35° 5 BEJu RN, AR IR 4, LA A gl o
B BE <1SPXURACRIG SIS, B im AU, (EAAE WA o BE Rk, DA rP S AR w0 o o
B >350 X3, MR AR I A2 AR SRR, BT DA v S A0 o B T AR L B R

3B 10 52 0 34 THT 4 52 18 O PP S5 DA B it 3R 5 KU 9 e g, NS s . # L oK AR 43 P,
LIEXAL TR TR, B H A REAR, e EED, BRI R, BT ARSI
[ AR i P v EMIAR YR B3 . B3 . BRSO . 2017 453 . B3 RN B3 LA e A w2 o
JEE, B PR b AR S AR P Bl O, AR A DAk, 2 FE CHE LR A X
TR, SREBUKGEME 72, FHIEARAEMAT Platycladus orientalis, FAMSFRAE AN Pinus tabuliformis
MRS, EHEFREREAREN, XA . ZIEX A . PR B AR, (H
2017 ARG . A5 R e R R B i E R R AR O, BRI AR, A L ARG P iU AR E SR . R
SR R AR T G AR R T HoAb e ) BT

4 Hip

B T DX B e A AR PR A A DB, MR T N 2000 4F 1Y 24.98% HE K B 2017 4ERY
53.34%, TULHT A W, R R UG G M R B R N s sh AR A A
R 7o ZFEIXN, B 25000 B IXB0A B 2 IR B K, AR R L s I 5l Rk E A
Medicago . 5TEML Amorpha fruticosa FFHEZR KR IFEY o WEHK 1300~1 400 m, & 15°~25°0% DX I, 7 %
AWFFE AR EL Y 35% LA, 348 DN SR IBOAS [T ROl TR 9 SE A =X, & i i, PRIl e, A
REIIPRSE BB 4 5 I R R AL EFE

5 5FE X
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