5509 #4591 H = 2 Eire Vol. 29 ,No. 9
2009 4E 9 A ACTA ECOLOGICA SINICA Sep. ,2009

AL E T EHIB L/ R E RN = B EF
——LABRPE 4 Oy

Rk, THE, B8R F &
(RO F T SRR B LSO 2% KA %
IEFOS A TFEECE 5 B AK A B AT S0, L3 100875)

FEE B TBRIEE 1998 ~2005 4F SPOTy, NDVI A $¥E #1 A KK 51 AR S HE S BT , MR 18 TE 1 5 — AR AR 6 H0 ( C-NDVI) 5%
Rk BEXT NDVI f5%e , 55 T AR IS S i 25 [RIAg JR . RS5O BRvEE NDVI FIRE K &R 775 B35 A e, 4
RAFEAR IR R BARZ AR , 5 A S AR 1 1 b F RO 2 56 5@ 1998 ~ 2005 4F A 2875 s A 8 1Y
FMRI M BER S B2, LR X AR E R 3, F KR 2. 1% ~4.1% , HIK3) ) FZRBHHEMA(F) BdIE
V> TR A X AR A OR3P IR S PG 5 o 38 JBR DX K st SR PR 4 v 43, R HH /K Bt X ¥ S XA AR A B A T R
e, T SR 1 e X BAR OB AL 5 s AL ER B ERbR 3 A X TR 3B R K BEARXT R B, AT SR E B R e R B AR
R, FTRERZ TR AR R BA R AR B, B W IR AL L b IS5 48 , & B AR AN R B AR R B R A R R KR
KR AR IR E 5 B 1E M T — ARS8 5 (C-NDVI) ; = [R14& Ry s BT

X E 4 S :1000-0933(2009)09-4847-10 HESFKS:Q14,0948,Q0988 ,X24 SLHRFRIRAD: A

Research on spatial pattern of human-induced vegetation degradation and

restoration: a case study of Shaanxi Province

ZHOU Hong-Jian, WANG Jing-Ai* , YUE Yao-Jie, LI Rui

College of Geography and Remote Sensing Science, Beijing Normal University; Key Laboratory of Regional Geography, Beijing Normal University; Key
Laboratory of Environment Change and Natural Disaster, Ministry of Education of China /Beijing Normal University; Beijing 100875, China

Acta Ecologica Sinica 2009 ,29(9) .4847 ~ 4856.

Abstract: Monitoring and mapping the effects of human activities on land performance change is necessary for optimizing
regional land use structure and evaluating the effects of ecological programs. In this study, NDVI data derived from SPOT
VEGETATION and monthly rainfall data during 1998 —2005 were used to estimate vegetation change in Shaanxi province.
Corrected NDVI ( C-NDVI) , the temporal trends in the differences between the observed NDVI and the NDVI predicted by
the rainfall, was developed to evaluate the effects of human activities on vegetation change ( degradation and restoration ) .
through filtering out the effects of rainfall on NDVI-value change. Also, the spatial pattern of C-NDVI was analyzed. The
results showed that, (i) there was a strong relationship between integrated monthly NDVI data and rainfall volume, while
the correlation coefficient increased from south to north and it had the lowest value in central part of Shaanxi due to large
areas of irrigated farmland, which had low dependence on rainfall. In the southern part of the province, which has a more
humid climate low coefficient was delineated. (ii) The spatial patterns of human-induced vegetation change in 1998 —2005
were obviously different in four parts. In the north of Shaanxi, the C-NDVI suggested a upward trend in the capacity of
vegetation restoration, with the annual increase rate of 2. 1% — 4. 1%, due to the “Grain for Green” program and
“preventing and combating desertification and sandification” program. With large areas of irrigated farmland and urban

land, the C-NDVI in central part indicated degraded vegetation in urban sprawl areas and it had remained more or less
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constant over 8 years in irrigated field. In the central-northern part and southern parts, large areas of forestland represented
a downward trend in vegetation coverage, which could be understood as the vegetation degradation, and the reason might be

the seasonal disafforestation in economic forest land.

Key Words: vegetation degradation; vegetation restoration; Corrected NDVI ( C-NDVI) ; spatial pattern; Shaanxi
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K I3 R34k 744l Wind erosion O] KRB S RE R TR

Water + Wind erosion 07 MR N Fimland protection ar}d forest building systems (since 1950s)
{73 j%i Serious Extremely serious (I “:jt Iﬁjﬂi‘%ﬁi,ﬁﬁ_ﬁjjﬂ .
) JoWI 542 No erosion Three North” protection forest system (since 1980s)
K121 Water erosion 7] BHREAKRORE) T2 Grain for green project (since 1999)
>200t/(hm?a) Mk Forest TR YR {4 TF4% Natural forest protection (since 1998)
2 25-80t/(hm’.2) FRAE Bl Bin R i TR
[} 2~25t/(hm*a) Farmland on plain Preventing and combating desertification and sandification (since 2000)

BT BRPYE LR (a) RSB TR (b)

Fig. 1 Spatial distribution of soil erosion (a), and ecological programs in Shaanxi Province (b)
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i 0.11~023 W 0.59 ~0.67

K2 BRPG4S NDVIAH 55 REK ARG ST o R B0 SRt e Be a4 (a) , AHOG R B4 (b)
Fig. 2 The distribution of optimal precedent rainfall period (a), and correlation coefficient (b) between monthly NDVI value and optimal precedent

time period rainfall volume in Shaanxi Province
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i 1998~2005
3 Average

0 100 km Pk M I3 RUE B8 1.06~334  # 0.69~0.82 W 0.55~0.61 0.45~0.50 0.33~0.40
[I— S NDVI/Rainfall(m) % 0.82~1.06 1 0.61~0.69 # 0.50~0.55 0.40~0.45 0.12~0.33

3 BRPE4E 1998 ~2005 4EA K2 (7 ~ 10 A 6) BRI 6
Fig. 3 Distribution of rainfall-use efficiency (RUE) in the period of July to October during 1998 —2005 in Shaanxi Province
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Table 1 Inter-annual variation in RUE and rainfall during 1998 ~ 2005 in different areas of Shaanxi province

255 Ttems HEFF Sequence
P& Wi & Rainfall 2003 > 2005 > 2000 > 2004 > 1998 > 2001 > 2002 > 1999
F& K = RUE Jt%B Northern part 1998 > 2002 > 2005 > 2000 > 2004 > 1999 > 2003 > 2001

Frjt3# Central-northern part
H#8 Central part
B #F Southern part

1999 > 2002 > 2004 > 2000 >1998 > 2001 > 2005 > 2003
2002 > 2004 > 2001 >1999 > 1998 > 2000 > 2005 > 2003
2002 > 1999 > 2001 > 1998 > 2004 > 2000 > 2003 >2005

2.3 ARHEShX GO K2 [ R

[A] 9 3% i Regression slope

BEPEA B 1 # I — LA 35 81 ( C-NDVI) 133 4551
FHA(E 4),1998 ~2005 4EJtFEH X C-NDVI 2 31 H B
B B, R BN ST Bl X 2 b X B ) R ) 2 I
] (), BV RS AR AR B AR 7= BB T 4R T AL ER R RS
HiIX C-NDVI W3 H 33 el e , R B AE B E AN SETE 3
SO T 78 5 R, T RERAE R S A R A SRR R A
AL T3, ] BB A XM IR R B PR X
MR RVEER, REBFELL C-NDVI 0k £, 7§
BN =E

BEE 7 LAY XS B S R TR R (B 4) .
JUHRH X A R B DA b A Ry 3, HR
Bk ([ 5a,5¢) ,1995 ~2000 4Ei%/MNX (/MK 1,E4) +
HiFI A ARk DA 5 b [ B A% AL R 32, B2 1999 4R Lk
SR R B AR (BE) BOSR, /N X AR R L3S A, 1998
~2005 FEWKEN T 2.1% ~4.1% , 2 NKEHE
FHRZ M T FE B R B AR i R B R —

AR PH X 0,28 0 1 5 B S 1 A s R A e e (/)
X2,E 4),BEHKR/NT0.8% , HRHE 2005 ~2007
AR BH DX AN [5] = 3 1] S 28 ol o B S 0 25 51

B -0.042~-0.023
[ -0.023~-0.016
-0.016~-0.011

]
[ -0.011~-0.006
(]
O

-0.006~-0.002
-0.006~0

[] 0~0.008

[ 0.008~0.013

[ 0.013~0.021

0.021~0.041

B 7KF Significant level

[ o.01

0.05

0.50

B4 BRPGE 1998 ~2005 MR ARG A A5 M B 25 61534

Fig. 4 Spatial pattern of human-induced land performance change
during 1998 —2005 in Shaanxi Province
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PR 2 B W R (B R BE /N T/NX 1, EBRRA P : — 2 /NX A L 3t P FZR Y DA Tt K 383t
RO TR AR/ (18 2) 5 RS A AR R HZE T B stk , 0 C-NDVI B 18] 22 16 i HL
o 1995 ~2000 4F 431 FHI A Al A B ) bR B % o 32, Nz 1998 4ERURSEHE R KRR AR 37 TA2, /N X 4
TR 5 BESE R (BB K NDVI {5 K BRI AHR R B X C-NDVI (A PRAR AL Y (B3 Pk i R — 2 S
SRTIY R oy A R b, 5 A5 AR SRR >, A ST S A A R M R B B A R L B
(/NX S, 4) o AL TP ERF AT R L A B X, 3B BE R, i e R BB R, K T R k5 B2 K, AR T
XM TR E—E R EREHOR MR B BRI ., BN T 2.3% ~4.2% (/MK 6,
4) , A POR A FE X Z — o DIARHBE 508 3, 4 FEGR KK R MIX, (H i T RA R TR R
1, /MK T REI BRI S

) 2 AL o FHAEAK(1995~2000 4)
Land use types Land use change in 1995~2000) 3 Slope (°)
[ %ol Grassland [ 7K & Hh Irrigated field I FL to GL #f#s Farmland (FL) 89
I #EM Bush ] 531 Rainfed field FL to BU %l Grassland (GL) —
B FkHi Forest B =T Main city B GLtoFL Hkhh Forest (FR) L_I"
W /K Hl Paddy field [ ybHu/REEEH B GLtoFR %t i Built-up (BU)
Sandy land/Bareland UL to GL ! ffi#s Unused-land (UL)

BS  BRPEA 1995 4E LRI FASM (a) ,1995 ~2000 4F 3t FAS L) (b) T 3B S0 ()
Fig. 5 Land use types in 1995 (a) , land use change during 1995 ~2000 [?”! (b), and topographical slope derived from the DEM with resolution of
90 m (c) in Shaanxi Province

2.4 Phg

BT SPOT-NDVI{H 5[ /K BHISCR , I 72 LA b 5 BRFE KX NDVI KR , 878 N1 BX L 52
Wi (92 [ R R AR SCHIBRIE B 92— o #3E C-NDVI 384335 NISE SR A B R, @ C-NDVI B
3 AR AR B VE 56 3R O BE K/ NN B /KPR AE ST 2 MO R W AR JE , ZERFIE X N I KR O b X UG 14T
HIBOR . SRR R X K & K B 2 TRBUE KT RN ARUKER , S B0 NDVIES [ K B R 51 R

http ://www. ecologica. cn



4854 E oA ¥ W 29 %

&, #ma 2] C-NDVI R , PR , 1 3 3 XA 2835 3h 0 AL A3R2 R ) (B 27K F B AR TR IX . nfr A A
SRRk B PR BUR B AE RTE B MABOK R, 115 NDVI SRR B E R, & R0 Rk A\ 2815 3 X
MBI SCERE o [RIA, FP oo X A PSR LUK Bt o 3, X RAR K RO IR, NDVI 5[k B AR
KR, I C-NDVI 1515335 N T Bl 7K Ge i X (52 i B4R 245
VKB5S NDVIEAFTEBAF AR, U RAET R AT RIX, R R R R B KRS8
PRt NDVIEA RIS, XIS P2 TR AL 3, HA Al 6 ~ 8 A H BI L HH# i 1E
—ERE LR TFROK B T R IIX , SR R B NDVI B MARE MR TRk & 5 NDVI
{E AR, R — A EE A LRI s ER IR X , K P48 5T 5 NDVI (ERA RS AAE
K HTFBUPBIIEX 1998 ~2005 4R FER B K BHR S5 50R , S0 RB 8 T MoK 5 NDVIE %
R BN IEEE R SRR IEIRT NDVIERIKR , Al 7E—E R LR & C-NDVI 18R i HERaTE o

*2 ETE/MEWZENESER NDVI BIREEX RGE MMM 1996.2005 FERBEZESH
Table 2 Vegetation coverage change in Yulin county, northern Shaanxi, in 1996 and 2005 according the relationship between remote sensing
NDVI and ground-based total phytomass

i SLAC
Vegetation coverage( % ) 1996 2005
T A Area(km?) 43 I Percent(% ) T FH Area(km?) H 4}t Percent(% )

0~5 250.53 3.58 217.20 3.11

5~10 12.88 0.18 63.17 0.90
10 ~20 185.85 2.66 569. 32 8.15
20 ~30 1015.40 14.53 981.45 14.04
30 ~40 1414.70 20.24 915.72 13.10
40 ~50 947.44 13.56 817.23 11.69
50 ~60 698. 10 9.99 737.53 10.55
60 ~70 578.88 8.28 680.49 9.74
70 ~ 80 536. 87 7.68 641.25 9.17
80 ~90 561.62 8.04 630.07 9.01
90 ~ 100 786.95 11.26 735.79 10.53

SCH BT P B R K i ok B AL ARBR VT S 6 N ZEERME S R UG TE N 26 >0l s 8UE , D9 AR UEREZK 2L
s 8] 50 A OB BE AR T 70 R0 8 km FY RIAR KRR A 25 (B JRy o AR T 3t A8 Bl 20 AN + 4SS T Y
S, PSSR T —%E A TRSEE R, MR T X BB RaR R T . SRECEH RIS
GBI , W0 BRI , T LK S (A4S R M 22 S AT AL A A T8 5 LR S B A
3 it

HERA S LIS SRR BOR A 1) 2 ) 6, 2 WL A B ARt 0o 25 () A JRy SRR A AT s i, vl o I SR 4k
I S A B AR R A S B A R AR BEE BURYE . A< SR SPOT-NDVI $udiE A A Rk BEmt, 7E 3
HWF AR RIEER b, SRR ER (EERFBIK) XHES BN, #3718 1E K IH— LA 5 C-
NDVI) , XBRPE4E 1998 ~2005 4E A6 SR HR N )25 [0 48 R AT 5T, FESSIRIT -

PR 1998 ~2005 4 A ¥ NDVI fEFI H MoK B A7 1R B2 WSS, 158 R B /N2 3L B 8 k-
FA 225 ARARAIAE 22630 5 b DR A 5C 28 B R X WG 22 Jald P B 1 e e L 09 P g i A R T ALK
TEHLIRS T NDVI AEXTFE7K R RBURRBE , AH 56 28 B {15 DU AP 22 RRERIT 7Ry 945 S5 16 T X g K B 2 T, 3 A S 1k
BRI

N Bh X AR M B 2 (AR R 2 B B S8 A D32 5 - I XN 26 Sh A B A i R B o M B
i B AR R B B, P LB R B KON F SR HPIE KBS T 2. 1% ~4.1% , ZBHHEA (F) SFERIK
S EHRGR LR X R R L B B A S IR R A, AR KRR/ T 0.8% , BT UNAY TS
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AR % R 5 PRt X R B AR VY25 57, AR LUK SO0 &2, 2 2R3 5 % A D B, P9~k 5F
RFRIH I B BB E KR B S, IR R R X Dk B oA X ELIEBE /D, M AR A B AR Y P A 25
HIR)JREE , C-NDVI H545 R RE MU LA PR 22 53 5 v JUORT R 30 3 X1 S ot A HE A Y 5 B840 X, A 4 7 2
WA, T RER BT PRAE A PR B, i st 3B R Rk BOAR R SR B R 5 s Jk i 2k S TR R BT 3
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