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Monitoring and assessment of vegetation variation in Northern Shaanxi based on
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Abstract: The Conversion of Farmland to Forest (so called Grain for Green) means stopping cultivation in sloping
cultivated land which has caused soil erosion and/or land desertification, and restoring vegetation in artificial or natural
way. From 1999 to 2008, 2686.67 x 10* hm® land area has been involved in the Conversion of Farmland to Forest Project
( CFP) in China, with about 191. 8 billion RMB Yuan (roughly equal to 28 billion US $ ) as investment and compensation
fund from the Chinese Central Government. As one of the seven largest forest restoration projects in the world, there is a
high need to assess the CFP’s benefits ecologically, to show its real and potential impacts on improving the regional
environment and curbing the local land desertification.

As one of the most serious regions suffering from worsening soil erosion and water loss for years in China or even in the
whole world, the Northern Shaanxi, where the Loess Plateau hinterland located, was chosen as one of the pilot zones to
carry out the Conversion of Farmland to Forest Project in 1999. More than 10 years after the Project’s implementation, the
vegetation has changed significantly in Northern Shaanxi, reported and observed by different data sources. Was this change

caused by anthropogenic factors such as CFP project? Or how large a proportion of CFP’s effect was involved in the
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influence on the ecologically vegetation change? Monitoring and assessing the vegetation variation could be one of the direct
measurements to indicate and depict the ecological benefits brought by the CFP project.

However, it is a common sense that there is no easy way to distinguish the vegetation variation caused by the CFP
project from among many anthropogenic and natural factors that could influence the vegetation changes. We chose different
land cover types and slope gradients in Northern Shaanxi as two main aspects, as the Conversion of Farmland to Forest
Project was carried out mainly in sloping farmlands where the slopes were steeper than 15, and compared those areas
carrying CFP out with other farmlands without CFP implementation, regardless of the climate factors. Using MODIS/NDVI
data which was assumed to be suitable for monitoring large scale vegetation variation, we recognized the vegetation changes
resulted from the CFP project through methods of the averaged NDVI variation and the trend analysis.

The preliminary results were as follows: (1) a noticeable increase of average NDVI was found in the whole Northern
Shaanxi from 2000 to 2008, and particularly the NDVI of sloping farmland and sloping grassland increased most rapidly.
(2) Based on the trends analysis, it can be seen that the vegetation was recovering well in most parts of Northern Shaanxi,
and the proportion of the study area with significant increase in NDVI was 64. 96% , while the proportion with medium
increase was 18.58% . (3) The proportions with significant increase in NDVI in sloping farmland and sloping grassland
were 45.43% and 17.10% respectively. The proportion of significant increase in sloping farmland took up a major part of
the area with significant increase in NDVI. The proportions of areas with significantly increased NDVI for different slope
gradients (7 —15°, 15 —25" and 25 —35°) were 39.91% , 25.81% and 2.28% respectively. Among these, the area
with 7 — 25° slope gradient occupied 65. 72% of the total area. (4) The mean temperature, drought and annual
precipitation did not increase significantly in Northern Shaanxi, which meant that anthropogenic factors such as the CFP
project were among the main causes leading to the trend of NDVI increase. The implementation of the CFP project was
therefore advantageous in restoring the degraded vegetation in Northern Shaanxi and the CFP project had a favorable benefit

in vegetation restoration.

Key Words: MODIS/NDVI; Northern Shaanxi; Conversion of Farmland to Forest Project ( CFP) ; trend analysis

iz R PR s IR il 3 A B 4 5 N T A R A OB 4 - B — AR 48 %0 (NDVI, Normalized
Different Vegetation Index) .IHEFE # 8 %L ( AVI, Advanced Vegetation Index) . 155 2 H — fLAE 9 $8 £ ( ANVI,
Advanced Normalized Vegetation Index) a3 Hod i T — R R S (NDVI) BEMEAH 244 oy b Sz A 0
LRIE DG VEHISR I R A B R L Z 1 FARE PRAR Ak, PRI, 7 4 3k B IRty 55 ORUBE 1 e e s 25 i A
Bior2e AR BRI S - 7 Bl 0 28 K AR A A A S DO R A M 0 L 1 R W A D TS B )z
ST H AR R B h A5 AR AL W 1 A9 38 OB A NOAA-AVHRR ( Advanced Very High Resolution
Radiometer) . SPOT-VEGETATION ( VGT) . EOS-MODIS ( Moderate Resolution Imaging Spectroradiometer ) 7l
Landsat TM 4, o TV 32 BACE th T I 53 HE% 5 (30m ) )2 W0 G ] 43 B3 A1, R iy
AR S — I ZIRE R , 78 S W X Sl 4 3 25 A2 A AEZE D A /2 . AVHRR 08 M 1982 4R T IR AR I, I}
)PP 8 fic ke, (R i T A e 4 3 8 A5 dls 1) 28 [0 43 3E R O 8k, B8 T R RUBE AR w8 (s 248 " SPOT-
VGT s M 1998 4F 4 H FFURIREL, 23 (8] 430 Tk, 76 A 253005 o0 25 Wi R 4 sh 28 Wl T A5 20 12 1)
Iz MODIS £ M 2000 @%ﬁé%ﬁl,ﬁalﬂﬁ@?%th AVHRR ,SPOT-VGT i J& 4 22 75 (250m) | it
] 7 AR 528, ELER MODIS/NDVI Ah i At B8t H ot 5 57 ZEAE w8 o0 25 s I 07 T AT R0
=

Bt v T b Ak B i R M, T AR 2 10 7 km®, K 3R IS 0 ™ L, AR SOHZ R I K £
RS 2 OCEZ N, JUHRE 1999 IR BFAMAE 8 J 3 T AR S0t LUK | DX HUA B A A= R 1 28 4k, X iR
HERT S AR B S AR T B FHE AR TR 55 2 — . H R FH 18 SRS A 0T A8 Bk 2 285 W il Ak o o AR

http : //www. ecologica. cn



356 LA E = 31 &

Z B R KIS [F) 22 SPOT-VGT %8l >k 4 W 48 (A 4 14 sh 2584k, 1l H AT Jb i DX 3R B4 AR
SRR PEAY X p 2 G o s TR 2 P AR B IT 5 R A A g sh A8 ARk, HL A TRt M X 36 B2 A, b T 1% 1 B
1R, Tkm 25 [H] 20 HER AT SPOT-VGT At BOMEAS B I W iR AR5 AN A3 B2 NDVI 2hZ8 7284k, T 250m 73 B340
MODIS/NDVI 4k WA X 55 G i fiff Rk — [l R, PRI, A SCHE i B9 il T, 356 B H A7 f038 A Bk b 1 X A
B Wil Y MODIS/NDVI %54l | F1 FH— T 11 A & #4553 8 , A [] - i A0 1/ 83 49 286 R0 RIS [ 38 8 A o 46 B s 28
AL RN J5 TR A3 M AR B MO R A 52 i), R PR 7 1 e b b DGR B AR 32 2245 5 10 AR 3Bk b R BkA
AR IR BRA F A X R A MO IR B AR =R 2, PR AT B b b IXAS [] = i ) L/
BRI (R AR B Ak, U R AR B E S D A a8 A AR Ak, A B T T AR B AR 7 A AR B
BaS 5 3R T R b M DX EE K R BOR R E KT 25 ° 35 B 1 S Bk b b AR R, 15° 3] 25° iy 31 B 1l
AFERRAE, 15 LLF AIERHE . TR RS bR 3R B AR P e B R e K DX 3, DR PR 5 S () 39 R A 4
BEh 2578 AT T BT 1R BRA AR AT 72 A BOAR R S R85 B — TR 58 X
1 HREKIE

B A B D XA T b g SR, M FR A B A T 34°49'—39°35" N, 107°10—111°14" E Z 4], HE4K &
JE 245 500—2000m ; 4= B BT i 73 535 PG B 4 e SRR EE | VG AT A 04 5 B 4R v SRR L 5 G P A i 4T
LSRR 2 I, A L A T R T Rty 1 2 IR i A [ R A 2 T AR A 0 I X, AR E < 8—
12°C AP 3497k 5 350—600mm ., A5 X H IR 05 2%, A0 75 AR AR Rl R HH TE s AT 5 2 R 2, Ml
R MR AR, bR I AR AT SRR K 923 8] 3 A 22 SR MR R 24 AR o 22 R 1999 4
B e MR HRAMIR S IX T 2001 42T SDiB HRAMAE SR TR 258 10a ZA,
2 BEERIERSH
2.1 HdEkiE M ab s

MODIS #¥E J7 F 35 [F LPDAAC ( Land Process Distributed Active Archive Center) [ MODIS (4 ' 19
16d F KA A AR BEFEEC MODI3AT K4 7= 570 23 [ 4 3R Sk 250m , Bif 1] /& 2000 4F- 3 A £ 2008 4F 12
H . FIF MODLAND 4&41Lff) MRT %X 4%} MODIS #5447 ¥R P2 i | SR i Bdis Ui B8 a4
BB R AT SE Y NDVISGRSE . B A Mve
PG4 4F 23 WIAY NDVI B 047 B KAB A A, FRBUAR
Pk NDVI RAR 36 S AR A K e i AR B, BRI
FET Rt X 4 2808, M 3 ok B8 BT &4 2 NDVI
LB BOIR L S AF PR R IR 25, F LR AE N 12
A~ H ) NDVI RAE R 244 NDVI {E SR RIRE
M4 4F e K AH NDVI —J7 1 52 R 13X A [m) 8, 55— 5 Thi
I MVC 37T L2 = RS K BH = B AR A Y
1 R 7

JI IR ARL A 2 [ A K508 K IR T 2w Ak 19 1:100

T EAE RS R AreGIS XFBAL L AR R AT e etk

BB FA R R R B T, B

SRR X R B TP R AT A B et

MO DX SCBRABL, A9 Ik NS IR bR K Bt b
. kK

Mo ECHE (1:100 7 AE #E B L 9E SC 4% BN sloping
grassland ) \FE B F b VD Hb RN K R % 8 Fh + s R /75
PR 1), W 1:100 J3 Fp AR o 1R 1 1 ) 7
2000 42, HAG B RGE , RRECAT 1Y S e aR B i BRI L 1

i

1 BrRdeih X 3t/ B K B

Fig. 1 Land use/cover types in Northern Shaanxi

http : //www. ecologica. cn



2 1 KEHE 4. 2T MODIS/NDVI Byt th X AR B sh 25 Wil 5 34 357

DX i R ]/ B S B0, PRHGE T2 I aB A a5 A [a] R /B 92 B NDVIT 224k

DEM 54>k [ 52 [ K 25 558 i B 38 [ 48 I 222 Jey K 510 4 % SRTM3 ( Shuttle Radar Topography Mission )
Bl , 25 [ 70 P 90m , F ] AreGIS A% He A7 RGP0 S M o DR IS AR 3, JF 3330 Bl b b IXC
23 (6] {1 T 3R (slope) o il BYECHE AL B AL HL X 27 420k 15, 1981—2007 - B8,
2.2 BdEsahr

(1) NDVI 4E ¥ {H 4 BR2 1k

H1T> MODIS/NDVI 4E X5 {B REAE S5z WA 4% (19 4R P2 4k, A5 R MVC 35 3R BB L 3 X 4 4F i K NDVI AE
R W S AR B U 0, SR JE K25 S ot e K AL NDVIE AT IAIE- 2204 A 38 b X 4R %) NDVI, AT
S X SAB R A PRAZ AL . o3 A I Ge et DX 320 LR AR B S A | AR A S 7 B AN [R) SR 2 42 T iR
WIVERZ ISR YA/ NDVI, I X 3CF-44 NDVIFIUAS R #2558 NDVI S5 4EFR 22 [8] i 2P 111 )5 43 B Ji
ML s DX A [R] AR B 27 NDVI A BRARf IR

(2) —Ttl =R

Stow 5 PR FH— 04 1 01 U9 > 43 A1 A WA 50104 728 Ak 32 ) DTG Fe T 33042 % 119 ¢ 5 7% 16 %8 ( greenness
rate of change, GRC) , GRC # & SR HE M [A] Be N 1 22717 & i — U AE B8 B AE PR A8 AR g — e Zevk [ml )3 7 #E i
AP0 AR SOR T W ORAS I AW NDVI AOAEBRAE i3 A 3000

9 9 9
9 x > x NDVI, - ( Xi)( Y, NDVI,)
i=1 i=1 i=1

9 x Zi2 —( Zi)z

A, A8 i O 1—9 MYAEIT 5  NDVI RoR5S i 4R A K AL NDVIE, A8 fb S S i T7E 9 a AYE[H]
JP et XA B NDVI AR f ka3 BARS I R R XAME R 9 a WK Ak NDVI{EH — gt [l
BLALL A ) — A B B b3S slope BIIX S HLRRIAR , XM LIF AR RS RIG —F 55 1 £
4k, H slope >0 MIULH L IC NDVI 7E 9 a [H] AR (LR SASEIE Y | 52 2 Wk
3 £R551

slope =

3.1 NDVI WAL —a— GHRIRAEH Wepb  —— BedbhX
Eheirs SRS A ENTRRIE I e s . ey

NDVI, 73 #r 2000—2008 4F [t it X AN /] 3= 22 4 i A1) e N R

/BRI NDVI AR A T 2o A A 4 W R = =

EBRASAE, FLTHAUK RO NDVE R TA0 7, B o 0 = - e

2 WL i, BedL Hi X NDVI M 2000 4F 2] 2008 4E 4B 2 :5 B o v o s 25 e

PR T Sk A A R A, U e b e SRS A R s R S -

BRI B, -1 B0 X o 35 9 1 0 2 -

NDVI @%ﬂ%iﬂﬁ@,ﬁﬁii&ﬂfﬁ/%%ﬁ%@ﬂ NDVI 2000 2001 2002 ZUUB‘;F;;}(‘}?C;OUS 2006 2007 2008

AL AN AR [R] PR ) A ) A ) 8 26 2

NDVI 5 4EBRAEb 2 (R #EAT 8105 5357 , 8 58 A [ b A

m/%ﬁ%ﬂ NDVI ﬂlﬁ{k%ﬁg ( % 1) ° Fig. 2 NDVI variation of different land use/cover types in
M%% 1 E“Jﬁ IIJ—'I , Z: Iﬁjj:f@ 71“4” FH/ %%ﬂz #Ciﬂljj ﬁilﬁ( Northern Shaanxi from 2000 to 2008

A T (R A G FRBCRRAR i, 4l T AR B 99% 1Y

b PRS0 I Bt o I () A 722 A A - b R /B 2 A NDVI A B 35 0 Tt e A [R] b A 2

JEY NDVI 5 i8] 7 51 B9 — G 8105 73 M, w] LR HL 35BE Hb R R t f) [l 090 2R 3 R, 20330 o 0. 0154 F11

0. 0156 , BT P 4= A F/ B2 A ND VI b 4 B SR DR 352 R TR T 56 (0 38 B b R R 1t 28 2ok AR ARS8 R

B AR WA (FEAR ), R/ BB 2 A R A T W A8 Ak, NDVI 3 iR s5e PR, AT s e 1 3R B A PR 7 A

2 2000—2008 LI X AE b FI A/ BH LR EFEY
NDVI 254k,

http : //www. ecologica. cn



358 LA E = 31 &

PRI 5 T BR80T B0 . ST RRTRAS MR AT 2R 0. 0069 , NDVI 38 K- B F A%, 332 i T4 FTR A Ak 2 22 43
A TEBEILAAF U AE AR X B TR 1 55 L AN F-2R 08 | B FBOM 78 20 40 70 80 4FAREL IS T H AR X,
RAS #% NDVI ZEIE 10a ZR AR IR E A K,

F1 BACHX AR LA A/ B R L NDVI EREA R LR TS
Table 1 Linear regression of NDVI from different land use/cover types in Northern Shaanxi

TR R R LML T

Land use/ cover types Linear regression equation R (n=9)
ETRIIRASHR Forest y =0. 0069x +0. 7798 0. 7840
A Open forest y =0.011x +0. 6475 0. 8296
b Sloping grassland y=0.0156x +0. 4336 0. 8015
FEBEE M Desert grassland y =0.0095x +0. 3026 0. 7089
JKBEH Trrigable land y =0.0147x +0. 5654 0.8745
Wik Sloping farmland y =0.0154x +0. 3761 0.7752
Bt X Northern Shaanxi y=0.0135x +0. 4559 0. 8162
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Table 2 NDVI variation trends from different land use/cover types in Northern Shaanxi from 2000 to 2008

Al I it i o 3 , PR iR e H R
Ik e Bhacs  mARE Baag ARk R
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/km? /% /km? /% /km? /% /km? /% /km? /% /km? /% /km? /%
Area Area Area Area Area Area Area
£t R SR Forest 2810.4 26.28 3021.1 28.26 3231.9 30.23 1184.4 11.08 384.1 3.59 48.8 0.46 11.6 0.11
BiAk Open forest 4206.2 50.60 2100.9 25.27 1409.1 16.95 409.3 4.92 159.1 1.91 23.9 0.29 3.9 0.05
JK BEHE Trrigable land 10500.0 76.08 1891.7 13.71 861.8 6.24 335.5 2.43 93.9 0.68 73.7 0.53 43.8 0.32
B Sloping farmland  31340.1 74.71 5321.8 12.69 2442.6 5.82 1165.8 2.78 935.8 2.23 468.1 1.12 273.5 0.65
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Fie I HH Desert grassland 2136.1 45.07 1231.0 25.97 850.0 17.93 215.9 4.56 176.6 3.73 83.1 1.75 46.8 0.99
H% 4K Total 68982.9 64.96 19730.9 18.58 11513.4 10.84 2792.3 2.63 1994.4 1.88 759.4 0.72 423.8 0.40
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Table 3 Correlation coefficients and slope of linear regression equations of annual temperature and rainfall trend

2000—2007 (n=8)

1981—2007 (n=27)

% AR AR AR AR R
Meteorological Annual temperature Annual rainfall Annual temperature Annual rainfall
station TR R IR R JrFERbR R JifERbR R
Slope Slope Slope Slope
50 0.0642 0.1820 19. 483 0.1149 0.0572 0.5110 ~3.2654 0.0341
Ha 0.0743 0.2611 5.3893 0.0100 0.0507 0.4571*" -3.1221 0.0331
HE 0.0931 0.2932 4.2286 0.0058 0.0641 0.5330 ** 0.1852 0. 0001
Wk 0.0357 0.0830 -3.2905 0.0037 0.0525 0.5427 " -0.2061 0. 0002
i 0.0171 0.0127 -4.0083 0.0052 0.0697 0.5979 ** 0.5680 0.0014
wHH 0.0354 0. 1442 17.981 0.1705 0.0671 0.6453 ** -1.5706 0.0129
=il 0.0025 0.0003 19.489 0.2355 0.0612 0.5550 ** -0.7518 0.0038
R -0.0336 0. 1407 23.999 0.2341 0.0709 0.6444 " -1.7134 0.0144
FE -0.0261 0.0173 15.245 0.1052 0.0524 0.3690 ** -2.4274 0.0289
JUSI7S -0.0956 0.209 11.087 0.0602 0.0725 0.5279 ** -4.0728 0.0773
i 0.0632 0.2784 6.3988 0.0291 0.0657 0.6215** -0.8435 0.0057
I 0.0170 0.0289 21.535 0.4366 0.0557 0.4915 ** -1.5388 0.0159
1] -0.0559 0.2370 25.579 0.3079 0.0479 0.3836 -0.8260 0. 0054
R -0.0001 9E -7 ~1.681 0.0016 0.0514 0.4471 " 1.4911 0.0158
THH 0.3661 0.3025 9.2667 0.1036 0.0822 0.3270 ** -0.9746 0. 0085
Tk 0.0511 0.1486 11.261 0.0343 0.0647 0.5186 ** 1.0051 0. 0049
(S 0.0014 0.0001 11.171 0.1131 0.0523 0.3546 ** -3.2568 0.1036
FE 0.0440 0.0799 1.8369 0.0019 0.0779 0.5714* 0.9374 0.0073
T 0.0789 0.2430 9.4488 0.0617 0. 0607 0.4594 ** 0. 1468 0. 0002
Wi 0. 1007 0.3214 ~5.8869 0.0117 0.0953 0.6740 ** -1.7353 0.0171
Rt -0.0256 0.0293 14.1610 0.1247 0.0361 0.1881 " 0.0483 0. 00002
KIg 0.1062 0.4148 6.0345 0.0218 0.0727 0.5833 ** -0.5860 0.0033
Kl 0.4540 0.3844 0.5345 0.0002 0.0951 0.3654 -1.7212 0.0341
R 0.0045 0.0009 11.283 0.0764 0.0438 0.2785 ** 0.4565 0.0025
Tk 0.2437 0.3591 4.2488 0.0055 0.1011 0.5759 ** 1.4034 0.0136
FA 0.0408 0.0690 9.1310 0.0641 0.0986 0.6588 ** -2.2629 0.0354
SEa 0.0297 0.0241 17.125 0.0736 0.0485 0.3062 ** 0.5402 0.0015

# FRBEIE(P <0.05), = = FRWEEMHIK(P<0.01)

(3) A G0 AN [F] 3% R 3 Bl ) 2000—2008 4 NDVI AS Ak ib, nf LA H 3 7E 0—3°/F NDVI A2k i &t
RAAR, B e B T PR R R ds Rt e, o 25—35° B B i RS I E i K, O 0. 0152, J5 R HE
T 25—35° IE &Pt X IR B AR 0 F T DI, 3l Gt A e 25 30 B AT B AR AR R bR AR PR AT B 48 HiR
FERI bR, ST AN [ 305 BE AR DY 2 36 He i), 7—35° 35 5 2 (AT AR 1 B ko 3 19 L8 i v, R O 17 4% A 2R AR 1)
65% , TEBRILHL X AE 2000—2007 4F Rk I BAT i 3 ka5 N, 5850 Ul B T BB bR B ARERAR T B S ¥ A
PR R IR BHA MRS K47 R B Mk 52 325
Bigt. DEM A1 MODIS 32 B H 26 B NASA #2403t , H A E 57 IR B0 58 BT L AR T X S AR 45 745 B, v it

B,
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