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Impact of grain for green project on landscape pattern in hilly loess region in
Southern Ningxia. landscape evolution process assessment of Zhong-zhuang-cun

small watershed in 1993 — 2005

ZHU Zhangiang'-*, LIU Liming""* , ZHANG Junlian'
1 Department of Land Resource Management, China Agricultural University, Beijing 100193, China
2 School of Architecture, Tsinghua University, Beijing 100084, China

Abstract; Grain for Green Project is one of the most critical programs due to its potential benefits in improving the
ecological environment in China. In this paper, a case study on the impact of Grain for Green Project on landscape pattern
was carried out in the Zhong-zhuang-cun watershed in hilly loess region in Southern Ningxia by using methods and theories
of landscape ecology. The landscape metrics i. e. landscape structure, landscape heterogeneity and land use suitability were
compared between 1993 —2000 and 2000 —2005, two stages before and during implementation of Grain for Green Project.
The results indicated that the metrics of landscape structure, landscape heterogeneity and land use suitability as well as
landscape pattern changed slightly in 1993 —2000. But the landscape evolved tremendously in 2000 —2005. The major
transformations of landscape are cropland and unused land to forestland. The croplands over 25° were almost converted to
forestland. The patch number of study area decreased, mean patch size increased and shape and edge metrics of landscape
got complicated. Consequently, land use suitability increased significantly to 0. 712 in 2005 from 0. 668 in 1993 and 0. 664
in 2000. The findings imply significantly that the Grain for Green Project is the main positive driving force of landscape
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evolution by two stages before and during GGP via employing three periods of land use maps.

Key Words: loess hilly region; small watershed; Grain for Green Project; landscape evolution; landscape metrics
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Table 1 Relative suitability coefficients of different land use types in various slope sections

SR () B it i KA RAERA
Slope class Cropland Forest Grassland Unused land Residential land

0 1 1 1 0.6 1

0—3 1 1 1 0.5 1

3—8 0.75 1 1 0.5 1

8—15 0.5 0.75 0.75 0.4 1

15—25 0.25 0.6 0.6 0.3 1

>25 0 0.5 0.5 0.2 1
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BEHLIE SO SR AR 25 (8] B TT . A R BESR A A48 e W25 (14 Sy, FE e O BB . R T ROWFEE
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/N SRAS T SRS AR R B s B AT 5, EE PR SRR AR N 2 FTR o
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BIBELRTE AN A 7. 46 hm® | 33X 3 B L B B SE UL A BEBR B A4S AE S A — B, IB#HA MG (2000—2005 4E) ,2005
SEBEHR B/ F 44 BEHOE B AU B EFHR 9.49 hm? X R B LB BEROLBESR & L 2 I EI R
P, W KOFIBEH A 4E 5L 1993 2000 4E 1 2005 4541508 1.135.1. 133 (1. 138, 8k FHIA K, BAERU/NGE
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TEAREE R Lt TR 5, B HEE (2000—2005 48 ) #8844, 4810, B AR 5 A LIE B /o BB E KNS,
WFFTIX 3 ABF S AE S 666. 3.1965.9 2091, 5, F B H 2 Wi i i ka4, i R AR 9% X & BB i ik 2
WE SR E
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PEERTE AR 1993 4E 4 20. 72hm®, F| 2000 4E [ % 13. 52hm’, &4 T 8 3 0 F M P BEH F K M 1993 4E 1)
1803.9 & W/NE| 1418. 2, XKML B, Bt 2 BRI & 50Xt H, IR #FfE (2000—2005 4F) ()
2005 4F , HF b BESR T E W] 12, b7 BBESRE 27. 3% , 7 B BE S E AUE A [ 7t 2 17. 53hm” , [ - BB R
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s A 1184. 3 S AN 1633. 8, X R B BEBUB/D , SR BER 2 I R AL 31 . 1BHF /& (2000—2005 4F) i
2005 4F , M BERBRFFIE 17, P BESE A B F 3R 2 10. 48hm” , 2 B E K, BEHUR K B3
2] 2677. 9, X RHIB Bk AR A T BEWARLES . W52, BHEEH 2 a®, BHE %
e —RE R BE A P R s ARt R IR R A AR — e AR BE ORI AL, T B A JE ISR B T W R R A R AL e, X A8 T
BBFHEAREIHR o

BRILZAh, ABAFAT (1993—2000 4F) , B3 BESR KT 510 8.2, B s - BEGRE 50 4. 58 |
9.06 hm”, B} s ; TBHHE , FHbE] T 2005 EE6AE WMER A L, 10 bkt . AR R A BESRBE
BRI 1993 4E 1 12 3EANE] 2000 46 13, FEIBEHREFIM 0. 74 hm* [ 0.70 hm® , R 98020, 32 B BELR 1
PREEA BT s 2] 2005 4RARHFLE 13 A, SFEIPEREARAZE , RLBHYE & RARZARDN . KA 3 i
FRIPESB Ty 2 A, RIVF-EIBERTE RN 53510y 12. 84 13.33 hm* F1 9. 93 hm” , iRHAT (1993—2000 4 ) 2
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Table 2 Characteristics of landscape types in different periods

e BEYS PN o MBEHBUE 43 e PPT /% FEYBEYLRT AL MLPS/hm®
Landscape Class 1993 2000 2005 1993 2000 2005 1993 2000 2005
##th Cropland 14 22 12 25 51.2 27.3 20.72 13.52 17.53
M, Forest 20 17 17 35.7 39.5 38.6 2.81 3.89 10.48
il Grassland 8 2 - 14.3 4.6 - 4.58 9.06 -
FH FH Unused land 2 2 2 3.6 4.7 4.6 12.84 13.33 9.93
A JE R A5 Residential land 12 13 13 21.4 30.2 29.6 0.74 0.7 0.7
ST (5F34) Total (or average) 56 56 44 100 100 100 7.46 7.46 9.49
e FHBEYE K MPE/m B RBEYAEE LPI Y53 4B MFDI
Landscape Class 1993 2000 2005 1993 2000 2005 1993 2000 2005
#Hth, Cropland 1803.9  1418.2  2831.7 65.9 63.2 49 1.136 1.124 1.142
M, Forest 1184.3  1633.8  2277.9 2.5 5.4 18.1 1.141 1.138 1.138
il Grassland 1401.9 2855 - 2.5 3 . 1.112 1.155 -
FH FH Unused land 3337.5 3295 2632.5 5.6 6.3 4.7 1.143 1.116 1.107
) & B 45 Residential land 649.2 627.3 623.9 0.5 0.5 0.5 1.137 1.141 1.139
3t (F4) Total (or average) 666.3 1965.9  2091.5 - - - 1.135 1.133 1.138

e =" HEAEGIT PN: denotes Patch Number, PPT; Percentage of Patch to Total, LMPE; Length of Mean Patch Edge, LPI; Largest Patch
Index, MFDI; Mean Fractal Dimension Index
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A1 0.990.,0.929.0. 937, [ Bk T B X BAK b5 R Z2PE5E/ NG TR B
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10.5, WFFEIX 3 AN o U BBE AR BE 1K, X R BRI 5, o FE A /D 3 O 22 A 3R A R B A0 A o 3¢
WRAN B BE AR AR B AT (1993—2000 4F ) BARAR , TR # 5 (2000—2005 45 ) J8i/M ) #a # 3R BT BF T X B fk BRI
J/INBESRERE G BR KBS ) A AL AR
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(13.47% ) FH(8.78% ) o 2000 MU MBI (71.25% ) i (15.85% ) FIRFFIHL(6.38% ) o 1BBFIFH)
2005 4F, FE N B (50. 38% ) FIbkih (42. 69% ) , HAt S BRI T 5% o LI LSRR, B b Akt 2 50l
MR, 2 A A FIREL, FEAFMIE L (3R 2)  BHTE 3 N Rl B R BEBIE B3 51 0 65. 90,
63. 18 F148.95, ZIH AT, AIRA RA R ML MR AEH, KR, TieBHFTE Bt &2 50
DS BE F5e o WA S R SRS Y, SR T HL o5 (I8 BE B I B HERS TR B/ o ARHITE 3 /N A B B KRB A
oy 2.52.5.37,18. 08 , WAL H5 3 BE R [a] 28 16 2 B R A3 i 3, 7F EAE BB 2 )5 , RORBERIGHE B
FWRK . HTHIE X EE R PIRFORIEEY , Bt SIS BE DR/ , A ) VLD BE S 8 i, S AR T Ak
S H L A B AL R BHE AT AR . RAFIFIHE 3 N LM 5. 64.6. 324 69, R WAL H BE 7 1B A
RUREA SN, AT B2, T/ 0 B e o

3 1993 22005 EAERULBERESLL
Table 3 Percentages of different landscape types in different periods in 1993 — 2005

PN T FH Areas/%

i B i o KBRS A o
Cropland Forest Grassland Residential land Unused land Total

1993 69.46 13.47 8.78 2.13 6.16 100

2000 71.25 15.85 4.34 2.17 6.38 100

2005 50.38 42.69 - 2.18 4.76 100

FRE =" ABA G

B HERA

0 760 1520 2280 m
| | |

B2 ®RK 1993(A).2000(B)7F12005 & (C) ZUEE
Fig. 2 landscape patterns in 1993 (A), 2000 (B) or 2005 (C)

3.3 RBRAFRXT A BRI R 2T

SrATIBAHT (1993—2000 4F) -SSR AL B T AR E 40 Hb (3R 5 ) TN, Bt A B R A 3t R A&
B A5, o R TR T 43 L BG40 Bk 69. 45% (13.47% \8.79% (6. 17% 2. 13% (1993 4E) F1 71.27% .15. 83% .
4.35% \6.39% \2.17% (2000 4F) , % F M BAEB BT (1993—2000 4F) R H 7 L AR LR BEXI BN 45
BRES BB BR(GRS) , SRR BT (1993—2000 45) WA 7 L 2R PLIRBE I B/ X
K ,1993—2000 4= FEAS /SR £ A FHAS AR BEAR /o 155 ML RZ, 1993 71 2000 4 54 - 3 ] Fi AR X
EHPERRRUE 10 0. 668 A1 0. 664, Z I FIFEAR/N (R 4) , X5 BB A AR G5 2R Y) &
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Table 4 Temporal comparison of landscape diversity index, ZJI, patch density and land use relative suitability index for various landscape types

44} Year SO ZHEE SHDI RATIEFI L LT FOWBEY B PD/km ™ A AR R
1993 0.990 76.083 13.4 0.668
2000 0.929 65.760 13.4 0.664
2005 0.937 55.637 10.5 0.712

SHDI ; Denotes Shannon’ s Diversity Index, IJI; Interspersion and Juxtaposition Index, PD; patch density, R: Land Use Relative Suitability Index

X 2000 F1 2005 4F [ 5ORAS R4 A 1 BLHEAT LA, S O iR B AT JG M SO A B L. 3R S Fs , kst i
FU 2000 4E () 71. 27% [4 g 2005 4E1 50. 44% | [&A% T 20. 83% ; Akt T BL MK 15. 83% B %] 42. 63% , 3
T 26.80% , X FEH, X — B BB B A AROR BB RN AL K, sh, RFI R HLE 6. 39% F& 2
4.77% , BTN AL bR, , 33 2% B 224 3 %of 5 1 i b ) VR BRI BB

it FUAS RIS B8 A0 SR A0 A T 0 (36 5) 2B, IR AR AR St LAJG &8 2005 4F, > 25° F#F AN 1. 06% I8k
D E0.42% i35 BT B B st e A 58 BGR BE 5 15—25° B9k N 15. 71% 87 2 7. 84% ,8—15° (¥ #k st A
30. 45% /0 & 21.92% , AN BE X IR s b T R TR 7. 87% 1 8.53% , 2B HF A AR B X 35, iR
HEEAR Z Ak B XS AR H) 16.4% , 3—8° Bkt A 13. 48% 8i/0 2 11.20% , J8i/0 b AR Dy S AR
2.28% . HPEXTRE, >25°.15—25° 8—15° =AM B B Mkl A4 BB N T 2. 35% .10.83% 9.37%

5 RIS AL AT B, IR B , - R R AR A R DA 2000 4E Y 0. 664 31l 2 2005 4E 1 0. 712, +
oA FAR A R T BE MR

&5 1993 Z2004 FAERERSULE EEARNBE I
Table 5 Percentages of different landscape types to total area in different slope sections in 1993 — 2004

T Areas/ %
A (0) B i = A KHIRRA

Slope class Cropland Forest Grassland Unused land Residential land
1993 2000 2005 1993 2000 2005 1993 2000 2005 1993 2000 2005 1993 2000 2005
0 7.87 8.03 6.98 0.27 0.78 1.90 0.65 0.04 - 0.16 0.10 0.07 0.01 0.01 0.01
0—3 2.45 2.53 2.08 0.13 0.29 0.78 0.26 0.03 - 0.08 0.06 0.05 0.01 0.01 0.01
3—8 13.06 13.48 11.20 0.60 1.12 3.76 1.10 0.09 - 0.35 0.41 0.15 0.14 0.14 0.14
8—I15 29.64 30.45 21.92 4.45 5.35 14.72 2.06 0.47 - 1.01  0.87 0.51 0.92 0.92 0.92
15—25 15.27 15.71 7.84 6.54 6.80 17.63 3.48 2.76 - 1.22 1.15 0.95 0.92 0.92 0.92
>25 1.15 1.06 0.42 1.47 1.48 3.83 1.25 0.96 - 3.35 3.79 3.04 0.13 0.17 0.18
J& 31 Total 69.45 71.27 50.44 13.47 15.83 42.63 8.79 4.35 - 6.17 6.39 4.77 2.13 2.17 2.18
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4 it

AR S s P FEAT /N SR X, 2 TR BOE X ROl A AR AT T B A R e R T
“IRBRRAR” BOR TR AR SR 1) R AR AR B BB RHESI R

(1) IBAHEAAET(1993—2000 4F) , FXAR R AL IR BB/, BARR BN DT K BESR R 1 B0 5+ o
FEB AR A SRR R R BE S LL B/ . “ 1B BHEMK” J5 (2000—2005 4F) , NFSRF VMG R R A2 T R B4
AR SR B AR (Bt [ bR % Ak )RR F 3t 256 A 22 (R A F st ) AR b 5% £ ) SR B 5% X 2 B2 09 1 3t ) P AR
it e . BAREIN - WHE XS MBELR RO, I BER T ARG, SR T R A%, R R 2l
Prsn, SRR E B RAE AL S Horh, Bt B AU R R, I Bk BB ST X G T AR 20. 83% ,
PESBBCT W, P PER A A LTt SO OE SRR At T AR 2 0, 38 hn A BT 5 X8 T AR Y
26.80% , BEHL EBR IR E , R P BER T AR B3 B, WAL B, T IARE 55 107 5
Bo RAFIMPERERFFRE , ARV BER AL . RATE R AR

http ://www. ecologica. cn



13 REGR 45 GBBREMRT TR B L R DXCRLAR R R e —— LA P A BN SRR £ 153

(2) BBHEMRF IS R 2 1) £ B IR Sy o B AFEARHT (1993—2000 4 ) 43t 71| F AR AR BEARARR, X
R SR BE SR/ o IBBHEMR LSS (2000—2005 4F) ,25° LA L3 o FE AR IR A 58 52 , B A0 R A1
J YRS B PAY ) B SRR Y 5 15—25 048 B ¥ Bl R AT “ B AHE AR R E S BEVE ], Ul 8—15° ¢ X ELiB
BHEFKA]T (1993—2000 ££) ,2005 45 34 - 3 F| FAR T BEAEFE B 1993 £E 2000 4E 1 0. 668 ,0. 664 .3 F 7+
7 0.712, XK, “BHFHEA” BURHSLHE (2000—2005 4F) £ 30 4 F-& BEAS 2 B 2288 hn, “ B HREAR” T
R FEAT /NI R WS JR) 1] BEA A ) E 2R Eh 7 o

(3) A SCe IR AF R AR TARSLHH R B S BIBT 57 X —— 3 b b B8 IX AP EEAS /e S S 11X ( EG BB
EARATE S B 1] 2002 458 2a) HEAT 2047 , B SR AT O HoAt i 76 2E4T “ 1B BRE AR TR s i Br i X 42
Rt 5%, B — @ MRERMEMATIEE. 430K 2000 48 (58 KB BHEMIE MR EE 1 ) 1R Br B
X053 w1 P IX B BHEM” TARSLAT Z T 8a MR ZJ5 6a 1 WA~ B BEEAT X U247 , AHXS T 28U BT
G AR B - A PR GRAFRTRERAE & —30) A7 X L A8 6 Ao BE B, 2% SC% B0 R
FEAR RO G R T D R, 6 IR AR TARAE IR Sl SLA% 8 28 77 T AV PR B S AR

(4) A< OB P A 52 5, SR A GIS M RS AHSS & 977 1k , 3 BER A 1 5oL o 1 A - b
HAXSE B SRR, A R T T B BHERK” B 5 B RIS RE A R . T AR A 2 5 , T EL &
FRSTR , X NS A A 55 DX LA 25 AR G Y B B AR S, AT D BB bR AR PR A A M A
3 FRO A R AR R PR R et YA R SR
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