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Impacts of ecological restoration projects on the ecosystem in the Loess Plateau
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1 Shaanxi Meteorological Service Center of Agricultural Remote Sensing and Economic Crop, Xi'an 710014, China

2 Meteorological Institute of Shaanxi Province, Xi'an 710014, China

Abstract: Remote sensing shows considerable potential for ecological monitoring, ecological restoration and sustainable
development. The Loess Plateau has been experiencing reforestation, reducing arable land area since the ecological
restoration projects kept on increasing in the past two decades. Those projects were being developed for improvement of the
degraded forest and sustainable development, which have resulted in significant changes in the ecological environment and
ecological layout of the Loess Plateau. The spatio-temporal evolution of the ecosystem in the Loess Plateau was analyzed
based on the TM satellite retrieved land use information. The results showed that; (1) from 1997 to 2018, significant
changes have taken place in the ecosystem pattern of the Loess Plateau, mainly represented by an increase of 19.34% and
6.91% in the area of forest and grassland, a decrease of 22.15% in the arable land area, and a decrease of 5.01% in the
area of unused land. Ecosystem pattern in the Loess Plateau has shifted from the cultivated land domination to forests
domination. The arable land area in the Loess Plateau decreased the most, by a magnitude of 18554.54 km’, which
decreases of 61% , mainly converted to forest and grasslands, 11617 km” and 11442 km” respectively. (2) During the past
two decades, temperature has shown a weak decreasing trend about 0.06 °C while precipitation has shown an increasing

trend about 57% , with a magnitude of 197 mm, which is suitable for reforestation and vegetation restoration. There were
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obvious regional differences in ecosystem changes in the Loess Plateau. The overall climate changes were in a direction in
favor of vegetation restoration. However, the changes in the regional ecosystem pattern of the Loess Plateau were
significantly different. Under such a climatic background, the changes of ecosystems in Yulin and Yan'an were considerably
higher than those in Tongchuan, indicating that ecological restoration projects were the main driving for studying changes in
ecosystem patterns, and climate background changes were auxiliary driving factor. (3) Affected by the ecological restoration
projects, the transfer direction of the ecosystem in the hilly and gully region of the Loess Plateau mainly showed the
conversion of arable land into forests and grasslands; the wind and sand fixation projects promoted the conversion of unused
land in the Maowusu Desert area into grasslands. (4) The impacts of human activities on the ecosystem were reduced, from
.0.08% to —16.06% , which mainly because of the conversion of farmland to forests, and windbreak and sand fixation
projects have transformed sandy land into grassland. The results show that the ecological restoration projects have made a
significant reduction in arable and unused land in the Loess Plateau, and that forests and grasslands have been greatly
reduced. Implementation of restoration projects was the primary driving force, and climate background changes were
auxiliary factors. However, this study has not addressed the quantitative assessment of the contribution of the driving
factors, which were also one of the key directions for the future research. Meanwhile, it was found that in the past 10 years,
two types of changes have occurred in the Maowusu desert in northern Yulin City. The development of agriculture activities
will play a major role in promoting the local grain output and economic growth, but the impact of this change on the

effectiveness of desert management needs to be addressed in a future study.

Key Words: ecological restoration project;the northern Shaanxi Province ;ecosystem pattern ;remote sensing images

A M DX AR S PRI S 55, K iRt A% | VA MK BT IR e A AR AR BT R A 2, G LA LA RS
PRI, 1999 AFTT iR, 2% BUR 1A 12 XS R AF b bk = L AS PO KA 55 — RIE SRR TR,
TR S 2> fe 122 DX Bl AR S R GuMs R kAR B AR, TR Sl i P AR S R GUA SR i e L R S B &
WEVTEAE i o A 25 R GE RIS AR DL, 2 A AR AT RO DA O B BB | BB S 4 7 A WK A TR BT BB ) JAK
oA TR S S R 2 2%

R AR SR E AR B2 B AR SRR MER G >, [ 20 #4290 SERGE, +
R/ £ 3B R4 (LUCC) B B 2 BRI B A AU (1 A% 0 IR) B ORI N 2840 4 - b B sk &
R 430 3 AL R R P A PR A A = R i T AR R R (=R R = A A
FAE R A E PR AR ) MR/ X (TR B N A ) N
FREEXT LUCC JT R 1 R FNFFE TAE PSS 4 R3] . N M 22355 T LA L IX B o 25 N\ g DR 3R 2 = i )
FAS SRk i) R B RS g, BRAb M X Bl b AR 25 R e T U AN Bl gt 4 32 SR N 2o B R SE X —
PR, LB i XK HJRy S IX O B S X RO JE T RIS A, A AR ST 45 R Bt i X 52 1R B
PR (R BORASZIR , 3R] SR - S5 WS Je) & AR 3 AR, SRR s AR 2
WA S5 AN R R S AR BRIAI B 3>, X = st R RS Sy AR At 210 7 DL, BRORELEOT e dr st | Sk
TLU20 R LU AN DI A F PR T AR o, B T R 2 3 8 - i R P 45 4 B R A i) R B K Bl 2
I S0 A BB S BRI T Py 4 i S A e R T ol

BIRIAT WIFE SRR AL M X AR S R G AR A T —E R T (R WA E LU AR . — 2 AR
XA X G BRI 5 R i 5, SR BT IR 25 2R 1990—2015 4 BIFS 14 e I B[R] 8 A AN R A2 T 4 1 5
T EY 1998 ARG , 4518 AN REFE 3 S et T AR St pRAL b DX i AR 28 R TR . — 2 BUA R R ksl )
P g RS S TE i b W 7 L EE S /= B I S8 € DR i B U N E RIS e NS TS £ 2411
BT AT . =Rl = BRI i X A AN [ X ) i 2 A 25 AR G Jey st A8 LA AN Ak sl 5 TA . IRLtE A
SCAE RSB AT SR SR b, AR DO R e X 48, 76 T™ 38 B AR AN b N L s e R J 14—

http ; //www.ecologica.cn



23 4] L AR AR TR X B X AR 25 R G AK R I R 8629

W PR T By 285 B AN 25 M P Sl 28 B 25 05 TR AR AR KR T RE S0 20 4F2R (1997—2018 4F ) BRAL HuIX.
LA il S RGBT MU [RIINE, AT fe /N — a3 A 12 A ZE P B8 B3 Bl WE 58 U SR A AR 25
PRAZ TR i i A 285 2R e AR AR A SR SAIL AR, DA A ) A7 J32 2 O S R A 2 DK A TR 18 B3, A A S Bk S 1] i
R B 1) DR SR A B

1 MREXHR

>»Z

WFFE X E P PE AL 4 & R T R
X, AL E R A FE AR 22 B 1 = A b (B 1)
s ANE 4 ATEEX, LSRN AR X S IR
B AREIPEE AR, 7 -5 IR RS A E PH TR 4 1R
7 8.39x10* km®, 5 BEVE A 1 M ARG 41%, 6 5
TR PSR X B T SRR KR
H SRR A B 4 i B FTA A TRV B 8 9, 78 KURT
TKEFANE TIVE R B R ik R 20 1 4 % 1k | b T i
e, B ARG 2%, 1999 4F-FF U 4 i SR kA bk 1l 45

WS AR X

38°N

36°

¥ 2k S E hf )

M — ISR TR Y4 A 200 ZBR, P

WEHR T B /m

i S 3] T e 1864
2 MRFRANFE
i
2.1 WHETOR K AL QL0 SOkm e Wi
WSS AR 1997 4F 2007 4E 1 2018 4F , B3 I ok 106° 108° 110

N ; ; YA 5 P A7
//)?ﬂ: Landsat 5 Fl Landsat 8, ﬁi}#?ﬁdj\] 30m ,j;ﬂ[?Ei’]jﬂ‘E O
%ﬁf%iﬁé(s H £ 9 H )jﬁz%%ﬁ%%iﬁ@ﬁﬂg’ﬁ Fig.1 Location of study area

P G FRHTREE USRS E AP A5 AL 3 TAE

TR 4 ) R A b R P/ B 5 0 AR R TE— G R N |, 25 B BT IX AR AR A TR S B
T, 45 R 2R R A AR R R T R A PR ROK RS 7 K2 T BFAME A R AR
SSCHFE A AHLAE B I 73 28 07 1k 58 U SR R e 7, e 26 3 W0 2R A5 RN 255 03 MG B 43 3l Ry
86.0% 87.3%7#1 84.0% ,KAPPA Z % 0.81,0.80 F10.78 S5 & /3 FEME I ER |
2.2 BRI
221 ABRGEEAEL

PR SR AT AR PR R LA b RIS il 28 A2 A8 R G A T BRI 20 A RRAE 58l | 38 4ot 43 B A Tl A6 28 3R 0 A B0
Ak, B AR A A R G A (A S R RN 258 S L
222 ERRGHEBIEE

) FH A R R T LA A5 PR B IS () A 25 R 0 22 () ) A B A48 06 R 38 e AR B = AB s 4
BT R WA S R GE AR AR AE RN 25 R GE 2 80 (9 3L 1], 2 (4% 2R 8 22 1) A AE B A AR D0, sl B 4203 A6 4
14 b R e B i P LA A R

Cy = Al; x 10 + AL (1)

X, AL, VAL S BIRERPIAE S R A, €, 0 k BFIIE] k1 B 00 ] A AR R

F RO T 0 3 309 o R T B & 0 4y BT, A4S 1997—2018 AR B 3 DX ) A% S B 0 A
1997—2018 4EAF 57 IX Bl A= A8 R G 5% 4RI
223 HEBRRGEHEZANE

(1) BB RGEIABEE K K AT Fe35 K — g i [R] 0 B 9 SR E S R G R AR AR B . A

http ; //www.ecologica.cn



8630 VST Eire 40 4

e

Fawg/{1 ]

a

K =

1
—x1 2
o ><T><OO% (2)

{f, U, U, AP0 SRR — b M RIS R AR T DI sEmt Bel, 24 7 B ARRT, K A BF5E
i B — L A R A AFE AR
(2) KIREEA AT R G SIS ZS i AT Xl s P AR PR B, A3 Feak R

;ALUI._J.
c=[": ] ><7><100% (3)

2 2 LU,

X, LU, IR A RI SR § 28 R PR A A ALU,_ Sy Wa B B35 ¢ 2 -3 R PR ARG SRy & 2+
AR A B, T oA WIS BB . 24 T AF9E I B MO AR, LC A B2 i 58 X+ b 1
AR,

(3) =B RGN R R —F 52 e - o ) S Ak IX 3ok 22 S ARG 04 2, HA A R v 077

‘ v, - U, ‘ xC,
“u,x ¢, - ¢, 4)

K, R A — R R R ARX AR LR U, | U, R 5 X — 5 i - b 1 28 BRI 7 30000 B 301 A A o
Bl C, | C, aFTE X — 4 iR R RIS 300 S S A TR, Q2R R > 1 7R 1% Jaiffs IX sk 4 b F|
FHAS AR B TR 4 DX = b ) P AR AR s =2 0 Jeg 5 DX 3 e ) FH A Pt 132 /N 4 X b R AR Ahig 2
2.2.4 IS HETFHH

R/ N IR RIR IR SFE R G B RAEPRAE ka3 R 20 76 P69 A 36 X 4 o]
FHBR A A s B2 Hh 1 = b AR B AR A A X 45 T A 25 2R 0 S A0 1 R FH AR BB R[], NIk oA R P el
FIFAESRG (Vi SeBE $hidih B+ 55) P sh e AR, Xk R A S R G REES RS (W JE R
o TA M) i sh AR AR i A S ShHR B A SR shxt A R AR S RS AL, P sh s Bk
B, NIRRT, Y — A XIS S R B I B A, TA g A% B 4R AR 2 3R 40 9 B R i)
WS RE BRI, 4 BHILHFRE AL, 3 1 PR,

R1 ALHRHEBERIRE

Table 1 The classification of disturbance index
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Table 2 Area and proportion of land use in the northern Shaanxi Province from 1997 to 2018

i 1997 4F 2007 4F: 2018 4E
Landuse [R5 % [N % T %
Area/ km? Area/ km? Area/ km?

FA Woodland and orchard 25522.09 30.47 32715.43 39.05 41731.54 49.81
M Grass 21125.49 25.22 27667.07 33.03 26918.12 32.13
Ji& 4t Residential area 278.65 0.33 431.67 0.52 932.63 1.11
T8 JHH Industrial and mining land 128.80 0.15 245.62 0.29 335.15 0.40
FHIHIHL Unused land 5730.04 6.84 1752.78 2.09 1535.97 1.83
Bt Farmland 30594.70 36.52 20514.10 24.49 12040.16 14.37
JKIE Water 394.03 0.47 447.13 0.53 280.22 0.33
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Table 3 Land use transition matrix of the northern Shaanxi Province from 1997 to 2007
2007 4F
T4 i
|
1997 4f A il E Ef@ Industrial AR Wit PIEN
Woodland Residential . Unused
Grass and mining Farmland Water
and orchard area land
land
FA Woodland and orchard 17410.37 4271.52 68.11 33.30 7.14 3691.39 40.25
HHL Grass 6447.18 9854.24 71.57 115.03 201.95 4375.96 59.55
J& M Residential area 71.35 55.86 94.79 11.68 0.65 40.43 3.89
T4 A4 Industrial and mining land 35.46 48.87 6.49 14.42 0.43 16.00 7.14
KA H Unused land 486.94 2852.22 13.62 4.97 1351.05 1015.61 5.62
#EHb Farmland 8216.98 10525.76 174.49 54.77 190.04 11313.29 119.36
FKAK Water 47.14 58.60 2.59 11.46 1.51 61.41 211.32
A1 Total 32715.43 27667.07 431.67 245.63 1752.77 20514.10 447.13
T FAE AL Area change 7193.34 6541.58 153.02 116.82 -3977.26 -10080.60 53.10
Y8R/ % Increase/% 28.18 30.97 54.91 90.70 -69.41 -32.95 13.48

http ; //www.ecologica.cn



23 4] L AR AR TR X B X AR 25 R G AK R I R 8633

3.3 AEBRRGRMEEA N XI5

Bt tth DX DA b 2] R 3 1) S i AR T B 22 T AR )1
i, AR 4 HE A 3 AN TR A AL R (£
6) , AT LA . ALFB AR AR T AR 52 A BE IR (Bt R
iR T FH i S U A 2 2R G 2 R AR T i T
HEAIEGT X, HoA i B b R 2 e AR Ak, MROR AT
T M B PR 3 5 A AR TR AE 1997—2007 4F, B i fiY e 3
ASLARBLAE 2007—2018 4, Hr s 4E 24 17 1) J R b A T
0 FH Hb A A 7R B 5 TR AR X, X PRI S A AR 2
RS0 0P AR AL 43 BIAR BLAE 1997—2007 4 Fil 2007—
2018 4, P AR T B M R M T FH A K A
A AR Ak P S TR IR X 5 R ) R AR A A v
TE 2007—2018 4F, R {H =35 18.74; Ji& B Hb K A& 5
S 1997—2007 4FE (] B PR & e, T P b 52
SLPERER R 0 150km

, _ 1451
35 ABRGMEREARIRE b WCRFIR A AR
351 SARHZEAMH W CRA AR R R
B Ml DX T SR/ R , K B R R i, b A B 0 AR K 319972018 EMHESRGEXDB T REE
IREAZ A SRR Z 2 d ok , SRR ﬁ%yj{ BNyl ﬁ%yj( i Fig.3 The ecosystem change from 1997 to 2018

IR EE . FI, 00T F AR X 5T X i 2

SR GG R T A B S AL 4> B 1997—2018 4F Bl b Hl X 4E ¥ IR BE AR Te A 4k (B 4) |, AL
0.06°C. , VI 0.58% ; - [ K S 38 i 197 mm , ¥EIE 57% , 5 B0 % s vp i S5 38 it 35 (P<0.01) (& 5) 5 B RS fi
A IR A AR AR T R AR A RIS, (ER SR SRR PR AR A 25 S W i B AETE TR i B Be Ak
Z5 . 1997—2007 FAEY S IRFEATC AR ; AR /K B 52 P18 E 1 ka4 (P<0.01) , 38411 210 mm , 3418 61%;
2007—2018 4F AEYSIR AR FE /K 3 2 O 0 28 3 ok 35 AR B SRS I 0.77°C 34 1R 7.78% , AF- R K &
HAHN 118mm , H4IE 27.85% .,

R4 2007—2018 FREdbih X L3R AR EE

Table 4 Land use transition matrix of the northern Shaanxi Province from 2007 to 2018

2018 4§
T i
. N i -
2007 4 A il E K ﬁ Industrial TV it SN
Woodland . Residential . Unused
Grass and mining Farmland Water
and orchard area land
land
MA Woodland and orchard 23719.84 6193.65 157.44 43.60 80.23 2491.34 29.33
il Grass 10871.67 12710.60 295.57 123.72 630.55 2997.69 37.28
J& M Residential area 78.34 99.91 122.18 50.47 1.14 77.36 2.27
T4 At Industrial and mining land 52.98 71.15 40.49 17.04 1.51 48.25 14.19
KA H Unused land 66.80 766.55 23.27 5.68 650.54 238.61 1.32
Bk Farmland 6837.65 6983.54 254.32 89.91 170.68 6139.78 38.22
KK Water 104.26 92.72 39.36 4.73 1.32 47.12 157.61
AT Total 41731.54 26918.12 932.63 335.15 1535.97 12040.16 280.22
T FAE AL Area change 9016.11 -748.95 500.96 89.52 -216.80 —-8473.94 -166.90
W4/ % Increase/ % 27.56 -2.71 116.05 36.45 -12.37 -41.31 -37.33
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Table 5 Land use transition matrix of the northern Shaanxi Province from 1997 to 2018
2018 4F
1997 4 A Hiih F’Eﬂ# ﬂfﬂl S B PINZ
Woodland . Residential . Unused
and orchard Grass area and mining land Farmland Water
land
MK Woodland and orchard 19788.66 3357.33 176.01 33.73 27.46 2105.82 33.08
FH Grass 9378.69 8720.17 233.96 134.49 240.14 2372.20 45.84
J& Bt Residential area 100.11 100.54 50.75 1.51 0.00 22.49 3.24
TH" FH Industrial and mining land 51.25 44.11 12.11 7.93 0.00 9.73 3.68
ARFFHE Unused land 707.92 3184.35 80.00 35.53 1038.43 679.48 4.32
BFH Farmland 11616.69 11441.57 344.77 119.79 229.08 6800.86 41.95
JKAK Water 88.22 70.06 35.03 2.16 0.86 49.58 148.11
A1t Total 41731.54 26918.12 932.63 335.15 1535.97 12040.16 280.22
TS AL Area change 16209.46 5792.63 653.98 206.35 -4194.07 -18554.54 -113.80
40/ % Increase/% 63.51 27.42 234.69 160.21 -73.19 -60.65 -28.88
F6 AREMXIMFABHTENL %
Table 6 Dynamic degree of land use at different region in the study area
+ b A 1997—2007 2007—2018 1997—2018
Land type Tk JE2Z N IEIN % i IZIN FE2Z i
MAR Woodland and orchard 3.96 0.51 0.19 0.97 0.98 1.31 4.33 1.17 0.74
|l Grass 1.39 0.63 1.74 4.57 12.40 18.74 2.82 0.96 3.59
Ji& B HE Residential area 0.49 1.05 5.44 1.47 0.63 0.02 3.94 2.32 2.45
T H#h Industrial and mining land 1.42 1.48 1.64 0.52 13.24 2.62 2.13 4.95 5.27
FHAFHL Unused land 0.99 1.30 0.00 0.92 7.34 0.00 0.26 0.36 0.00
#HFHb Farmland 1.01 1.20 1.98 0.88 1.25 0.97 0.37 0.46 0.00
JKAK Water 0.73 1.50 12.90 1.00 1.09 0.07 0.75 0.72 3.66
—e— 1997—20184¢ —— 1997—20184F
----------- & BME(1997—200748) ¥ =-0.0075x +25.618 -o-me-B> RME(1997—20074F) y = 17.848x - 35287
B WFEQ007—2018%F)  y=0.0523x-94826 < Z(2007—20184) y = 8.8336x — 17251
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Fig.4 Average annual temperature in northern Shaanxi Province
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