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Abstract; Urbanization and ecosystems interact and constrain each other, and the balanced relationship between the two is
important for the sustainable development of the region. Most existing studies focus on the static coupling relationship
between them, and there are fewer studies on the relative development relationship between them. Combining the static
coupling coordination degree and the dynamic decoupling model can effectively reveal the dialectical relationship between
urbanization and ecosystem services. This study aims to provide an effective scientific reference for the coordinated
development of the Loess Plateau. Therefore, this paper took the counties on the Loess Plateau as the study area and
measured the urbanization level and the ecosystem service value on the Loess Plateau from 1990 to 2020. With the help of

the coupling coordination degree model and decoupling model, the synergistic and relative development relationship between
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them and the evolution of the process were analyzed. The results showed that the level of urbanization on the Loess Plateau
increased steadily from 1990 to 2020. There were obvious spatial differences, showing a spatial distribution pattern of high
in the east and low in the west, and expanding to the periphery with the provincial capital city as the center. Over the past
30 years, the total ecosystem service value of the Loess Plateau has been increasing, and the ecosystem service value
provided by different land use types was grassland>forest land>arable land>water land >unused land>wetland, and more
than 80% of the ecosystem service value was provided by grassland and forest land. The coupling coordination degree
between urbanization and ecosystem service value on the Loess Plateau has been increasing, and the proportion of counties
in coordination increased from 26.27% in 1990 to 59.70% in 2020, but it was still at a low level. More than 60% of the
counties on the Loess Plateau exhibited strong decoupling and weak decoupling, which indicated that the ecosystem services
value has not decreased while urbanization has developed. However, the decoupling relationship between urbanization and
the ecosystem service value is a dynamic process. The number of counties in strong negative decoupling has been on the rise
in recent years and urbanization has increased the potential threat to habitats. All regions of the Loess Plateau should follow
a green and high-quality development path based on the differences in natural and socio-economic conditions, avoiding
large-scale re-coupling and ensuring the stability and sustainability of the decoupling relationship between urbanization and

ecosystem services.

Key Words: urbanization; ecosystem service value; coupling coordination degree; Tapio model; the Loess Plateau
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Fig.3 The spatial distribution of urbanization on the Loess Plateau
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Fig.4 The spatial distribution of cold hotspots of ecosystem service value and urbanization on the Loess Plateau
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Fig.5 Land use area transfer map of the Loess Plateau
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Fig.6 The spatial distribution of average ecosystem service value in each county of the Loess Plateau
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1990—2020 4, % + /5 JEAS [] M 2R A0 19 A 25 R B0 IR 55 (B Ry 5 s > At > 0 b > 7K 3> A 1) FH o > T8 3
HH 80% A=A R GEMSS U Bk R RUbR LB AL (3% 2) | B4R (A AR S R G MRS M 2 T REAE S, TTmk A
1 1990 4EHY 13.16% F [ 2= 2020 4R 11.00% , FEAK LT 75 4270, bk B H AR 0 A= 25 2R Go IR 55 M (R e
TR 24.94% T+ 2 28.56% , SE14 N1 24 270 4250, b PTRHE A A A R GRS M (58 T+ = 5 R AR, STk R
H1 58.60% K[ % 56.91% , [HEEARAIHE N L) 91 425, KR b B2 BEHR AL 42 i 1 07 AR 28 R G 5 L, 15
P T BN SRS DX A A A 245 2R G A 45 M (R A MR AR/ DN 5 A 00 T e o AR B4 A 245 R G AR 45 (4RI, i
BB RSN ERL 1%,

Fz2 1990—2020 FELTFEARE LA ARBERNESERERSNE %

Table 2 Ecosystem service value of different land use types on the Loess Plateau from 1990 to 2020

iﬁﬁfﬁ? 1990 4 1995 4 2000 4F- 2005 4F- 2010 4F 2015 4F 2020 4F-
#HFHL Arable land 13.16 12.91 12.57 11.74 11.25 10.91 11.00
s Forestland 24.94 25.42 25.89 26.01 26.60 27.38 28.56
FiHh Glassland 58.60 58.34 58.61 58.95 58.74 58.25 56.91
7K3% Waterland 2.94 2.97 2.63 3.05 3.20 3.27 3.34
A HL Unused land 0.36 0.35 0.30 0.26 0.21 0.19 0.18
1BH Wetland 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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1990—2020 4F-#5 + i i B 3L 28 RG0S5 (B #0 IX (1R 25 18] o0 A A% Jmy SE AR FEANAR (1B 4) |, 2L %8
B = R R T BB e Ll L, LS4 B R K DA B G S G T IR A b A AR R M SR A oy A X (BT
2005 42 J5 B A i R P AR S R GRS (A B DX G ) 1 ek 5 B DR B A S R SRS (VS X
FEFGEVE LT I BT TR TR U 2 e 2 T A5 O3 T B HL R 300 il X R AR 43 A
2.4 A E RIS RS R GRS M ERR S DR S B b

H1 [ 7 W, 1990—2020 4F, B 4 v Ji B SO A R A= 2 R G0 55 I B RR A D A — 2 AR 1 42
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Fig.7 The spatial distribution of coupling coordination degree between urbanization and ecosystem service value on the Loess Plateau

R DM B 2 A S 1 IR AL 5 2 38 R GE R S5  EAR B EME SC R AN B, (HORRE S e — 35 2 [A] 3
AAHT & AR B SOR F A AR R 43 W Z RN I A 28 78 88 = RO 5 A 8 R G RSG5 (B 2 (A1 11
K BRIEARIRL LI SR A AN S5 LA R 32 (1 8) , 3% Z RN 5 4 w8 I X LR Y 60% , 4b T3 BRR R IX B L
BIAHE 2%, 1990—1995 4 A 114 A~ X BAL TR A BRAR A3 B4R AS (32 3) , BB ER AT E T Fl
HNA A AL NZ B A AR TE I PE A4S 51995—2000 4F, Ak T 5 44 1Y X L g 3, o e 40.30% , 55 115 45 TR

TR E B R A I T e, A5 S B DR A 1) DX LA L 9 4 3 A 3k 4 XL 8 B A e i B R T A A

http ; //www.ecologica.cn



9118 JAE = 44 %

JE 700 S U R 3k T 2 JRAR R BHAEL ; 2000—2005 42 85 - i JE I B Ak 5 A A5 R B8 22 0] A9 56 2R Ak T d5c Rty
AR, o5 B e S X 4 B X LR 1 95.82% , iR EARAS 1 IX LR 828 hin , 26 219 IR 3k — D 4
FRLAG R R FREE 4 T A/ A TR 1 A JRIR S AUAT L PE A8 e vy T 2 77 L ARy v B A T i 47 4 AR
2005—2010 4, 5 £ i 24 X EL S R b 28 48 A, 78 1L 78 48 I ¥ 7 b R0 K i 48l v 24 IXCEL SR v il 49
A1, 59 AR ETE 2 65 A 7R 8 1 S A R 40, X — B IRk S 5 AR AR (B A AE — o Y
o TE K AT I R X TAE LR B9 B R A BT T %, 2010—2015 4, SR E0 80 T I 2 144 D IXHE 55
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Fig.8 The spatial distribution of the decoupling status between urbanization and ecosystem service value on the Loess Plateau
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Table 3 Quantity of urbanization and ecosystem service value decoupling types of counties in the Loess Plateau

Ji#425 8 Decoupling type 1990—1995 4F  1995—2000 £ 2000—2005 4£  2005—2010 £ 2010—2015 £4£  2015—2020 4
SR Strong decoupling 114 135 219 163 144 112
B34 Weak decoupling 87 74 102 50 123 113

IR MM Recessive decoupling 2 8 - 4 3 5

3 7 44 Strong negative decoupling 53 40 2 48 36 62
559440 Weak negative decoupling 54 55 6 65 17 26
kM f 44 Expansive negative decoupling 18 14 5 3 9 9

14K %% Expansive coupling 4 1 1 2 6
Wik # % Recessive coupling 3 4 - 1 1 2

3 g

Wb mEE T E AN R P E BN I X 2 — A R e S A AR R O R AT 2, I
ASH T DI ANl 25 M P A B B 3 Z RN BRIE OC 2%, A7 Bl T4 2l S I it sl A 2 O 7 R o T R 11 XL
[ =L
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3.1 CNLI 58 H 3 g AH o B

IAEAR A AR SR T )3T AR A R I e JRE b R T B R T M s (e 5, R T M S R 3 T
GBS S A K B e bR 22— B CNLL 5 8 R 36 1T Pearson AHIGHESMHT | 45 L4035 4 Fr
N, 22 B R A CNLL 5 80 F bR S A7 A 18 35 1 IEAH G 3E 2R (P<0.01) |, 3t DA = b 1 FH £ J3E 56 30F
TR VT SCBAEAG B3R K A T S, AR SO 9 & B8 + D B P i 5K R BRI Tk, HL 2t
WL 5K R S AR, 2 AR I TT 2 oy A S B 1) 52 B 15 D0 Rk 2 A 7 3 7T 2 TR R R, B2 ol A A AR
PPLLR R BT R A A O bR R DR o5 T R XA LA

R4 KTHIEE(CNLD) 5#i% Aitb=E Pearson HHX M
Table 4 Pearson correlation analysis between compounded night light index( CNLI) and building land rate

1990 4F 1995 4F 2000 4F- 2005 4 2010 4 2015 4% 2020 4F

Pearson F¢ R %

Pearson correlation coefficient

# % FToRTE P<0.01 /K- | B

0.901 ** 0.909 ** 0.898 " 0.886"" 0.915"* 0.906 " 0.907 **

3.2 FHE IR LA A O R Y AR AL IR N 5 B SRR /R

RMORF o g I B MR A 5 A 25 R G I 55 I (=2 ) A IR R B B SRR S8 (EL L K AT AT
5 A FUH B I AR EAR — B S 153 SR 3B & SR K P e B 22 T 2N o R
SFPIR 2T A AR 23 X B ASEIR B B UMAIR S | B A KP4 i B 5k BT RS — RS
K S RBPORDL R AL B SBUESE R R, B 2085 Xk G O S T, TR T S 4 BREE Y
TRAWHR T B R G THEIR B SRS B E  ABIREAR RGE , B KRBT AW T, ik
RS G UM R JR S 2 (AR L RIS A, SR AL 1 A 2 R G 1 0 R MIKOF 2K
16 e RSP DRI 5 T G A7) L e DG R v A0 AR DX D b AN YD S XA TH A o A SR 9 D Rk
B S22 IR MG SR S5 (1 [ RS S EOR LR R 5 R 8 R IR IS M (AR AR — 80

B e SR X £ LS A A R g 2 S ey P F AL, o e DR BT A A 25 AR R 55 A0 {2 T L5 ol £y
SBEE 3, 7 R R T B A T R R AR S IR IS A SRAR — B, AR X B S A TS
Z G A5 I E A e 44 5 2R D BT B | AR BT 5 O 2 PRl N R I ER AR I AE A 25 57 . 5 fA
Hi 5 22 1 B B g DR AR BRI A1 S DX, b 2 AN A LD 0 4 2 F A1, S8 FL IR R T 1L P 4 o FE R R TR
AL TR A7 1 A e B AT BT T M ) 5 S, AR M A Bl T M X A g A X — I 11 7
8 2 K BI85 AR B 17 M 258 S BOR AL R R S5 82l AR R TR e M
Uit , iR ARG R 85X AR A S s 1) P F R 2, AP IS R 25 o) e i Y 24
HP IR XA A A A 2 B A i G A R ] 1 i IX 2 3 B A 53 I g AR i o 5, D DR A T Sl A e Je LA =
(DA , B O3 DX B A 7K P P i o3 o 2 T3 (R T 3 DX A Je 2 o SR A AR L K - 1
RGN BC AT T T, T BRI DX 35l B Jo] 320 Sl B ) N I3 2l i E S, BB AR AR T o, i i 56 A —
FhEhZS M R > 7 B AR I A3 AL S AR S R B2 I I OE R, 4 2000—2005 4R 4], ¥ 4 i J5LE Ab
TPUHRSARIF K AR AR (R T H BRI K5 A2 25 R G A5 I (E 22 B0 K K A5 4, 95.82% 11
DX LS IAT R4 (EL A AR Ak T 50 07 0 ) 4 X L AT BT A, A7 SR A7 A 2 285 0 A SR A (BRI 47 B K
W, AL A A A 25 R GT TR AL U R I

XoF T AR AR P M 583 1) o e P SR R 0 R A A e i SN LS AR R A O A R R
ARG LR BT R SCAE AR, Sl / N B (0 K %, DR AR FEBEIROR B BE ) AN BE RE ), B2 B
PRI S AFCRIUASE 6 J DX I 2522 4 R R R AT 18 R e ) 8, S B AL ) AT P 0t | P18 DX e 5 26
TRAP T, s G B AT A 25 P58 T -5 0 SR A K - T 8 AR K S DR I B o %k T 3 A K P 45 v
1EL 55t B G158 0 1) ZR PR A1 B X I R T HE Bl 7 Ml e 7 AR HE HE BT RE U™ AR B 1, 5800 R 8 X Il
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RYHNE FR AT R 2, S5 DR R VDR A SRR SR Bt BN R 5 A R A

4 Zig

AHTTE NI A 7 M 1 B v RO B A AN AR 25 R GER 55 I (EL A ) 25 A2 AR A | 5T (5 B 5 b e B2 A
PRERIE R T A ZMIMSE R, EEEEB T £ 1990—2020 4F # 4 i JF AR 1k A A 45 2R G0 IR 55 (B 48 A 5
PR B2 3 (H S ) 73 A A AR W) i 28 S | S2 0 M S S5 2R PR 290, o b v SO B A SR B 9T 2
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