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Fig. 1 Location of Yan'an in Shaanxi province
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Hr2e. S hEPERE LA B SRR, K TR 2 B . A B
M, K, ERBE L R A N2, FEXH R T B 2R it R T, 454 Google
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Kappa 580751124 0.81. 0.82 F10.84, i i b HIAG 2R . WF5E X 1) DEM £ 4 5 F 2k T
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Fig. 2 The land use types of Yan'an in 1990, 2001 and 2015
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I FE 22T A I AVE S R GRS €, 8 e BN B AE 22T 1990-2015 4F [] A
B @ REHRPEPY A 1990-2015 4R [A] /N AT E R BNAED,  DI/INZ R KR A (1) F- 3
(B ARUAE SR i o) (i) B B 22 Tl AR B 30, 3l e BT 2R AN A HR 2 (CPD) X LA THIEIE
DATH BRI Lk XA (B A8 A A sE ™, AR BT T B B e S ESV AR, A4S 3
2015 4 FE 22 i1 BN I AR ESV Ol 868.88 JU/hm? . AR 4E 22 17 b A FH2E RUAGRRAE , {04
ol A P2 5 B3 1 AR 28 R G UMK R o ELRERAE DR A I b 1 K
RS48RO AR, BREFIE | & RITR A SHEAIOSE YA 5 b R o A5
FIFAE ;. AKIRXT K R s RFIFHHIXT R e s Ik & s b FE U A b . A
FSEE, JEITLESY 0™, #4f Costanza S5 75k, ATINAAD H AN [] 4= i A FH 2R AR 2
RGMMEMERE C, , R HOR AR A AR SIS M ie (R D), I3
FEZTANA] MR R A A S R B R S5 B ESV

FR1 ELTARRELMF ARE AR ESY

Table 1 The per unit area ESV of different land use types in Yan'an city (Ot/hm’)
— Ry TRy A LN Il b5 WooEB M ARR
ftamiks  wwd 960.11 208.53 260.66 695.11 0 434
JRoR A 212.88 480.78 386.65 199.84 0 13.03
KBNS -1133.89 249.08 212.88 7203.03 0 8.69
VREL S NN iR 773.30 1581.36 1351.11 669.04 0 56.48
ST 404.03 4729.61 3575.45 1989.74 0 43.44
RS 117.30 1378.63 1181.68 4822.29 0 178.12
TR 1298.98 2954.20 2619.68 88834.47 0 104.27
TSy LR 451.82 1923.12 1646.53 808.06 0 65.17
AEFFFE IS 134.68 147.71 125.99 60.82 0 434
AR 147.71 1752.24 1498.82 2215.65 0 60.82
SfbiRgs EEEN 65.17 767.51 660.35 1642.19 0 26.07
&it 3432.08 16172.79 13519.80  109140.24 0 564.77
ESV=Y A,*xC, (3)

P A, N kR IR C, W ESVREL, FoR k SR L A IR ESY

e (3) BYSERE L, 154 ESV R i E A",

P;=(C;-C)x 4, (4)

K Py O i R MM 2 BIRE AL 0 5 j 2 A SRS 1 ESV AR AR s v € 43l
N j R HAIRIZERIE) ESV 2B A, 5 i e R R RUAL Dy j 2 R IR
RUFA TR
1.3.2 S [REET

SRR M )77 (Exploratory Spatial Data Analysis, ESDA) J&— &%) %5 [0 54
SRR BEE S, DAZS RIOCHREE A% L, I X SR sl 52 25 (8] 73 A1 4 =y A 4 ik
S b, SRR MER G2 E R, HAZO R 4 7 25 6] [ AHDCH Jay 23 [H]
H A G B e RIS 30 2 (BB Rl PE B R B s %3853 W4 7E ArcGIS . GeoDaF-H5 T 58
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(1) 2= | AR
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JEPERERIE s w, AT R 2 R AR, 1 2 ij,.j:l o MR HE 22 T A 25 ] 4
Pt b A AR, A 2SR, Wow, =15 B0, w, =0,

(2) Jdfas [ Ae etk

JREBAs A HAHE (Jadf Moran's TH540) H1 Anselin® T 1995 4424, HI RIS
BT XS AE [A] — R HEAE P AR R AR B, H TSRS M) R R A A, 00 Jey 3 DX kA7 A
PR 25 (] DI RN 2 () S o, AR T 2% 42 R Moran's TH85053 i 2145 =S M BRI, DA
G3 M7 (8] .70 5 J] L BT A 25 ] 2 S e B B HL I 38 P, FE B iy A S R DG HBR
Ja#l 645 (Local Indicators of Spatial Association, LISA). Moran {5 K%, LISA RES
it — 2 iy B DX 3k 5 R DX 2 TR k22 S A RR R RB A X Ry s Tl 42 SR 1) db 3 1k
HATPEAY, AR AU,

1

n(x, - %)’

Ii:Zisziij Z[:W’ z,=(x;-X) (6)
Az z X IME R RR AL .

2 gERr

2.1 EFLithF AEEBERER ESVIRFR ST

KT T R A R R AR S R G RS I B As Ak, R PER (5),
F B RAHAARET S RS2, A MR S RS AR 530 1990-2001 4F . 2001-2015 4F J¢
1990-2015 411 ESV A A 6] = M A R B i 45 (36 2) o HR UL nT LIAR H LR 5 B REAE
(1) FEZZHT ESVb g 284k FEAEHTE 2001-20154E ], H 3B R AR . AR FNFHh
B, 1990-20154F (0], FEZETT ESVA K 17.86427C, H 325 & A= A H i 1) AR b A 5 3
B R, HE b T AR > S B ESVHE M 35.4542.5T, JFAR A AR Ml HE M ESV 43 51 14K
10494270, 24.07427C, itk A . SR 3 ESY 43l T 3.784408 . 1.17
{278, Wb RS S B ESV IS/ T 10.33425T, Tl U4 ek i 7 B 1 kA AE 2001-
20154F (0] 7F 1990-20004F 1], ESVIFARZ ARG L, #3222 80K
H K IR A ESV A3 538K T 0.3842I70H10.40 1270, MR AN M) ESV 43 518/ T 1.9942
JLRI2.10427C, EZJL M HE A £ @, R WLRBRA AT IE 2 T A S A
[P A2 (2) 1999 45 TF 4 S PR AR TR, I 22 v 4 M fI 2 5
it , WEMEH ESVIUHEE . 2001-2015 4R 0], [FIFEFERFHE . ARHFN b 2 (W68, #
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®2 AEMEERT ESV iz 5

Table 2 The ESV profit or loss matrix of Yan'an city in different periods (1ZJT)
1990 4F: - 20017 - - -
B piS:i) ) K3k WM KRR AT
Bk 0 0.3840 0.0617 0.4030 -0.0658 0 0.7829
M -0.9502 0 -0.1853 0.0099 -0.8598 0 -1.9855
i -2.6698 0.4782 0 0.1051 -0.0114 0 -2.0979
KIS, -0.1927 -0.0702 -0.2673 0 -0.0001 0 -0.5302
IR 2 Hk FH b 0.0003 0.0003 0.0001 0 0 0 0.0007
A FH Hiy 0.0007 0.0045 0.0179 0 0 0 0.0231
it -3.8117 0.7968 -0.3729 0.5180 -0.9370 0 -3.8069
2001 4§ - 20157 - -
B piS:i) ) 7K WM KRR AT
M 0 10.6999 24.8491 1.0457 -0.2939 -0.0157 36.2852
piS:) -3.1926 0 -1.1302 0.3198 -1.0630 -0.0647 -5.1307
L -8.7018 1.3369 0 1.0898 -0.3797 -0.1225 -6.7772
KIS, -1.1458 -0.2390 ~1.4460 0 -0.1141 -0.0218 -2.9668
IR 2 Ek FH b 0.0312 0.0230 0.0477 0.0448 0 0 0.1468
A FH Hiy 0.0007 0.0045 0.0179 0 0 0 0.0231
it -13.0083 11.8253 22.3386 2.5002 -1.8507 -0.2247 21.5804
1990 4F - 20157 - - -
B pS:) ) 7K WM KA AT
M 0 10.4862 24.0653 1.2651 -0.3524 -0.0156 35.4486
S -3.7757 0 -1.1695 0.3313 -1.8046 -0.0610 -6.4794
i -10.3300 1.7150 1.2015 -0.4006 -0.1258 -7.9399
IR, -1.2135 -0.3026 -1.6700 0 -0.1102 -0.0218 -3.3182
IR 2 Hk b 0.0269 0.0207 0.0401 0.0353 0 0 0.1228
A FH Hiy 0.0007 0.0045 0.0179 0 0 0 0.0231
it -15.2915 11.9238 21.2837 2.8332 -2.6678 -0.2242 17.8572

i ESV 36294276, 1ol bkl . FHL A 5% 107042701 24.85127T, 3 =T 1990-
2001 AE [ A 4% i, IFHL, Bk i) HA R RUEL AL 19 ESV 8 2 5 T AL IS A 1) HE kb
R ESY, ZAHE NS AR N 13.014270, FE MM EbiE A, S BBHbEE A
HAY91.44% ., WA RS B ESVATH SR, B HRAMR TR S, BEAd o HAb 2
A+ MR EE RS S O TEER, BEH ESV AR B B R T AR, AT 23.281200, FEARE
E T MR s ESV RN, A /D BB AR S A b A AR, L TR
ARETIRG . 54h, MRHURIEC L ESVEE AGTT R 21,2942 (R A+HGH) , RHHEZ:
TR IR FHAMR TR BCR B TP IR BB
2.2 ESVHIBTIEE T FHE

2015 AF AL T ESV ol 444.22 4050 (323), FFFZERAEN L . A E Y, /K5
ESVARALIRRAE o 1990-2015 R38R 2 L HHES, 1SR T 4.58%; (HiRFHAM T2
SERETT R, ESV I AR AL AE W2 25 55 o FE AR HF IS ARTT Y 1990-2001 4F, BEARTFE T
0.72%, =L A Bkt e AL 2, BB AY ESVIEK T 0.97127C, Tk
B ESV A TFNE A T 3.99427C,  F e IR BRI PR AE 22 11 B8 IR A SR A ) A A R 45 Ak
FRRAPIRA, BB UGS, MAERPRAMIG 0 154, B2 ESVEE LT T
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F3 TEERMAELHF AL ESVTL
Table 3 Changes of ESV in different land use types in Yan'an city

—— ESVIALIT A%

19904 2001 4F 20154F 1990-20014E  2001-20154F  1990-20154F
Bt 39.2966 40.2649 32.4692 2.46% -19.84% -17.37%
it 179.9524 180.9463 191.5062 0.55% 5.87% 6.42%
Fih 189.7549 184.7740 204.9246 -2.62% 10.62% 7.99%
ki, 15.7472 15.7074 15.3187 -0.25% -2.47% -2.72%
W2 A 0 0 0 — — —
A 0.0015 0.0015 0.0015 0 0 0
At 424.7526 421.6940 4442202 ~0.72% 5.34% 4.62%

5.34%, ZHFHLTE AR B2, Bk ESV i T 7.814478, FRET 19.39%, FREE
BEREH ;1 [ AR ESYV 3K T 10.56 270, WK IR K 5.84%; B HLESV EIK T
20.15427C, HERKIREE N 10.91%, KGR, WEZ T ESV IS KA S IR BHAARAHES T
LRI o Bl AL HE R I, #EHE ESV I 23 B Wi AR B ARG R A, TR b A 2 b,
K ESV 2zl K 2Fa e kA, AEIREIHE S . o8 A i F MR A

MR - MR R ESV I BTRRE R, 3245 2R T 7 A i FRU R B T e 25 5
ISR, 4520 - bR 2 22 17 A A5 IR 45 B (LA SRR BE AP AR AR R 22 570 MR
1) T Hk 5 AE A (] 351 40 1058 3] 40% LA B, 1990-2015 4F 8] 4 {4 {14 S 24 57 ik )3 43 1)
42.80% ., 44.87%, ME ESV STRRE G THELT 90%; Ak 1) STk KA 8.70%; /K
W ESV Gk B AR E T 3.6% 2547, AKIBAE ST REAL TRARK -, BIRm S, EEHER
AR 45 DB 25 2 AR b A AR AL
23 ESVHZ B RS S REHIE

T ArcGIS V55, Dh1990-20154F364E, R A SR % (Jenks), JFLLOMH
B, XTESVASEIEAT4328, FAs IR T A4 11 1990-2015 4F ESVARALRI 7320 7 A AN [F] X
[]: (-1308.31, —410.35]. (-410.35, —185.81]. (-185.81, 0]. (0, 74.62]. (74.62, 207.29].
(207.29, 417.75] J (417.75, 1665.12] (E3), M= AR ERE , 1B BFE AR T RE 52 Fy
[ 1990-2000 4] (€] 3a), HEZT ESVASIEARLRE AR E, ZHOh X 2 H TR,
FREIRE RN, EEERTE (-185.81, 0] XAy i HY 801 T A4 X 3 = B4R Hp 7R L BB 1)
ZHENX , TREEFFEMIE . PR ek R & B —w KA EIRE . '
BERr I, S A I R B0 . R ESV R RRAK . TR B AR TR S S
f)2001-2015 4[] (&13b), FEZTT ESY S EUH] AR ASEY, ARMEIX 1) S (E X K A 25
PEFII, FEERIAE LTI X Bk ESV eI K s MRS A ke 2. g BN
MRS DI REAR L FL e , AR B AR TR 18 St A AN A5 41 2 T L0 b X 1 A 250 Ak )
RS R T R, AR SRR A S X AR SRR . M 1990-2015 AEE AR H
(E3c), HEZTH ESY EABKIEENIE, B TRIGENWICR B2, HESVIEK
() 3 A7 BEAR 1 5 MR I L ) G R A A AR L B S R R AR TR St 2 8] L AHDC R
FERF2E AL b, SR TR AR R T AR ESV XK A T i, 7 350 AR Hb R 5 A
F YA IR B XA R R IR
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Fig. 3 Spatial distribution of ESV in different periods at the Grid Scale in Yan'an city
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Spatial-temporal evolution pattern and differentiation of
ecological service value in Yan'an city at the grid scale
based on Sloping Land Conversion Program

HOU Meng-yang, YAO Shun-bo, DENG Yuan-jie, DING Zhen-min,
LU Ya-nan, ZHENG Xue, LI Ya-nan

(Research Center for Resource Economics and Environment Management, Northwest A&F University, Yangling
712100, Shaanxi, China; College of Economics & Management, Northwest A&F University, Yangling 712100,
Shaanxi, China)

Abstract: Under the background of Sloping Land Conversion Program (SLCP), this study
explores the temporal variation characteristics and the correlation and heterogeneity of spatial
transfer of the ecological service value (ESV) for different land use types of Yan'an, a city with
remarkable ecological improvement after the SCLP. To achieve this goal, the ESV of different
land use types at a grid scale of 2 km x 2 km is calculated using land use transfer matrix
achieved from the interpreted image data of three periods and exploratory spatial data analysis
(ESDA). The results show that: (1) From 1990-2015, the increase (decrease) of ESV mainly
occurred between arable lands, forests and grasslands, and the total ESV increased from forests
and grassland was 2.129 billion yuan, the amount of transfer- in mainly occurred after the
implementation of the SLCP; (2) The ecological service function was mainly provided by
forestland and grassland, the ESV experienced a process of descending and then increasing
from the temporal perspective, and the implementation of SLCP promoted the growth of ESV
with an increase of 5.34% during 2001-2015; (3) The ESDA shows that, the ESV has a
significant distribution of "high in the south, while low in the north" pattern at the grid scale
which expresses positively spatial agglomeration and dependence, and it is obvious that the
high-high aggregation area accorded with the spatial distribution of forestland and grassland
whereas the low-low aggregation area accorded with that of farmland and construction land.
Overall, the transfer of land use types and the changes of ESV in Yan'an city coincided with the
implementation of SLCP temporally and spatially, which indicates that the SLCP, a
government- dominated project, had a significantly positive effect on the restoration and
protection of ecological environment. Therefore, with regard to the ecological service function
of different land use types, the northern part of the study area with a large amount of cultivated
land should pay attention to the balance between agricultural production and ecological
benefits based on the basic farmland protection system, while the southern part with abundant
forestland and grassland should continue to play a critical role in the regulation function of
ecological barrier.

Keywords: land use type transfer; ecological service value (ESV); grid scale; exploratory spa-
tial data analysis (ESDA); Yan'an city; Sloping Land Conversion Program (SLCP)



