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Spatio-temporal coordination between ecosystem services and economic

development and its optimal utilization in Qingdao Metropolitan Region, China
QIN Xiaochuan'?, FU Bihongl'*

1 Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China
2 University of the Chinese Academy of Sciences, Beijing 100049, China

Abstract: Urbanization is accompanied by the loss of ecological land and the deterioration of ecosystem services. The
quantification and analysis of the consistency between ecosystem services and economic development will provide information
to clarify the regional differences, to optimize spatial layout and to achieve sustainable development. Based on the analyses
of remote sensing images and statistical yearbook data in Qingdao Metropolitan Region ( QDMR) from 1990 to 2017, the
Ecosystem Service Value ( ESV) was calculated through monetary quantitative accounting using the revised equivalent factor
method. The consistent index of ecosystem services and economy was developed to explore their spatio-temporal coordination
characteristics. Furthermore, we proposed how to realize a good balance between ecosystem services and economic
development through analysis of various driving factors. Our results showed that the total ESV of QDMR in 2017 reduced by
1.134 billion RMB comparing with that in 1990 due to land use changes. Spatially, the distribution of ESV exhibited a

“highHow-high” pattern along the northeast—southwest direction. Moreover, the concentration of ecosystem services and
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economy in QDMR displayed an inconsistency, the area of which had also been expanded. The cities in which the
concentration of ecological services was greater than that of economic activities were mainly located in the northwestern part
of QDMR, while the opposite situation primarily occurred across the coastal area in the eastern part of QDMR, where the
concentration of economic activities was greater than that of ecological services. As indicated by the analysis of driving
factors, the decline of ESV was largely attributed to the distance from the city center. Therefore, it is necessary to utilize the
built—up land in a more intensive and efficient way, where the concentration of ecological services was greater than that of
economic activities. Meantime, the significant ecological elements should strengthen protection. Finally, the new pathway to
conversion of ecological products should be explored more vigorously under the new circumstances for the areas where the
concentration of ecological services was greater than that of economic activities in order to ensure coordination between

ecological and economic development across different regions.

Key Words: ecosystem service value; economic development; land use types; optimal utilization; Qingdao

Metropolitan Region
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Fig.1 Satellite images showing the location of the Qingdao Metropolitan Region
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Table 1 Sowing area, grain yield and price of major crops in Qingdao metropolitan region

FEA A Pl i
ARy Sowing area/( x10*hm?) Grain yield/( x10*t) Price/( 7T /1)
Year NE ES/S KRE Nz ESS KRE /N S NG
Wheat Maize Soybean Wheat Maize Soybean Wheat Maize Soybean
1990 414.72 240.52 44.83 1661.39 1252.08 77.18 662.08 452.97 1563.16
2004 310.57 245.50 24.12 1584.56 1499.15 71.67 1520.00 1400.00 3880.00
2017 408.39 400.01 11.95 2495.11 2662.15 32.13 1339.41 1005.88 3192.35

212 EBRGERSME Y EBIE

23 (1:1 000 000 H [EAF 4 4L ), 75 52 B0 TT PR 4 LA I MORIIE B2 A o I I8 A i i 2 V2 40T
A ] B T FR AR S AR S5 (24 5, T S AR T BBl 4% - A FH 2R Y () N ) A= 25 R G AR 55 UEAT I (B 24 2 (e
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Table 2 Ecosystem service equivalent value per unit area of Qingdao metropolitan region

FHF 27 Land use type

BRGNS
Ecosystem service A< H i Bl KK AP H
Cropland Forestland Grassland Water body Unused land

P25 IR 55 T 0.85 0.22 0.38 0.8 0
Provisioning services JRHE e 0.4 0.52 0.56 0.23 0

KGR 0.02 0.27 0.31 8.29 0

SR 0.67 1.7 1.97 0.77 0.02
PET R 55 AT 0.36 5.07 5.21 2.29 0
Regulating services AL 0.1 1.49 1.72 5.55 0.1

IR 0.27 3.34 3.82 102.24 0.03
SRR 55 E: Z/S 1.03 2.06 2.4 0.93 0.02
Supporting services HEFEFRAMFER 0.12 0.16 0.18 0.07 0

H Wy REVE 0.13 1.88 2.18 2.55 0.02
AL 55 R 0.06 0.82 0.96 1.89 0.01

Cultural services
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Table 3 Classification of coordination between ecosystem services and economic development

FrifE Criteria KA Type 241 Classification

CEE'" <0.50 e B A e FE . GPHARRT = TAEBS RGEM R

0.50<CEE<0.80 BHRRRATESRERI R AT S T A R G S
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BEGMSERE TEFTER s N

CRE=2.0 AR AR T T A RGO R s AR

(1) CEE( Consistency of Ecosystem services and Economy) ,84: 38 R G MR 55 5457 & E—EFE %K
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1990—2017 475 & # i el 45 2 I M 28 B ) 73 A AN 181 2 B o et i b, A I e R 15.96% ,
1417 %3 o) B A 3 o SR M i 7 K T B o AR A TR S e et A T 1) B 3 A
MR 15 A€ T e 3 37 1] 4 FE R b b ) P 2 TR e e i) 2 2R 70l ot A TR AR A 11.52%04.93%4.02% o %5 1]
O3 b VAR AR AL L bt DX R BRI 0 B b e 46 S A T R BRLR AR P P DAy 7K o O A A ek L 38
AR LK 7 25 70K 5 L AL 1) B ) e e SR TR A JRe M T S P X ) T B SO o B v IR RS
5 T 25 e 97 DX T GO A DX 0 i 7 DX 488 DX IO ) 0 1 A8 I

x4 BFRETELHFAZEBER

Table 4 Area of different land use types of Qingdao metropolitan region

N A<M Cropland HkHbL Forestland il Grassland
i} i} i
vear Arf i\mz % Arf ;F I:mz % Ar(f ;F ;(\mz %
1990 24496.25 81.25 2343.70 7.77 2263.68 7.51
2004 25866.00 85.80 881.45 2.92 1289.04 4.28
2017 23569.80 78.19 788.62 2.62 787.34 2.61
s 7K1, Water body IRAE A Built-up land FF FHL Unused land
Year A i % I B i % TR ) %
Area/km Area/km Area/km?

1990 369.23 1.22 317.23 1.05 360.50 1.20
2004 737.47 2.45 1178.49 3.91 195.03 0.65
2017 526.78 1.75 4396.12 14.58 76.69 0.25

B2 BERBTELMARARIEETE

Fig.2 Types of land use and their variations in Qingdao metropolitan region

32 ERRGMRSMEAE
1990 4F, 75 S4BT B (14 5. ESV A 239.31 {2,75,2004 4F- K 271.42 2,75, 2017 4F1 227.97 42.75; M pRSeHam
JE /L, 1990—2004 4F ESV H4K3% Ky 13.41% ,2004—2017 4E FRE% K 16.01% . 23 [ 5045 1 ( B 3) , 75 546
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Fig.3 Spatial distribution of ecosystem services value

3 S AT R4 A 2SR o AR L ESV (5 FefeoR , R R AR 5K . 1990—2004 4 fii] , 1525 T
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JiE BBk I GE T A A 25 R % BB AR 20042017 AR ], 35 17 225 P A K R B B e, 189 T X
A< FE A o5 L LA A 5 B0 S5 T BB A A A A Dl b i 3 ) K Sl T RS2 30 5 ) Ok 2 28.57% , Sl
= ESV R
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Table 5 Ecosystem services value changes of different land use types of Qingdao metropolitan region

Zh 7S i
R ESV/fL Tt % Dvmzjjjliz//
Land use type
1990 2004 2017 1990 2004 2017 1990—2004 2004—2017 1990—2017

4 M Farmland 69.65 124.42 113.60 29.10 45.84 49.83 78.64 -8.70 63.11
AL Forestland 71.33 25.02 17.52 29.81 9.22 7.69 -64.93 -29.95 -75.43
Hiih Grassland 59.62 26.83 18.27 24.91 9.89 8.02 -54.99 -31.91 -69.35
K1, Water body 38.69 95.14 78.56 16.17 35.05 34.46 145.92 -17.43 103.06

A H s Unused land 0.03 0.01 0.02 0.01 0.00 0.01 -75.46 121.33 -45.68
41t Total 239.31 271.42 227.97 100.00 100.00 100.00 13.42 -16.01 -4.74

T AR TR 25 AL S R GRS (AR (3 6) FeB BE iR I, T IR 55 > 1L 44 IR 55 > S5 IR 55> SCAR IR 55
AL T3 T, 1990—2004 AF[1], fib2h 5985 iRk 55 ESV ¥y b, HUE KR A4k 1 5 K30 ESV A i a4 B 1 7
2004—2017 4[a], 4535 il 55 I (E A BT T R
33 B RGMSS 5AT R B TREE ST

PGt , 7 50T B 1990.2004.2017 4Ff) GDP 43 51| 2 782.86.3627.50.17598.09 12,75 , 32 BA 75 M4 6] %
X 2T NN A i , AR AU [F] T ESV 19284k (A Z(S) (6) XFLLESV AR S R G M55 2 5 LA
GDP MR AT L 22 T AT e i i, 25 RNk 7 PR

fiif5 GDP ) CV {E4KF ESV i CV {H, %] GDP 25 5PEKF ESV 22 54E. ESV 5 GDP [y CV A
BERT 3545 B B B, 2R B ESV Fil GDP i X 3k 22 S8 A AN Wi/ o S5 5L 7, 1990—2017 4 (1], 7 I 4B 7 Pl B
Bz 6] GDP 22 S L KT ESV 2542, H ESV 5 GDP 4% [ By X 3 25 S P BEAEBF 9 01 1] XA i/ o
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®6 TRBTEESREESTRSNMETL
Table 6 Ecosystem services value changes of different services of Qingdao metropolitan region

B RGMo5SA ESV/ese % Dynamic degree/%
Ecosystem service type
1990 2004 2017 1990 2004 2017 1990—2004 2004—2017 1990—2017

oA
1/\"_'.”&%. . 60.16 79.12 70.77 25.14 29.15 31.04 31.53 -10.56 17.64
Provisioning services
A H&% . 110.28 128.64 102.37 46.08 47.39 44.91 16.64 -20.42 =-7.17
Regulating services

+
ihﬂﬁ% . 59.32 57.58 50.10 24.79 21.21 21.97 -2.94 -12.99 -15.55
Supporting services
AT Total 9.55 6.08 4.73 3.99 2.24 2.08 -36.33 -22.14 -50.43

x7 BRETEESREERSNES GDP WERZRH CV 5 Theil 1521
Table 7 The Coefficient of Variance and Theil index of the ESV and GDP in Qingdao metropolitan region

FE L Index 1990 2004 2017

A5 5 2B Coefficient of variation ESV 0.5437 0.2721 0.2418
GDP 1.3420 1.1150 0.8666

TR Theil ESV 0.1720 0.0403 0.0195
GDP 0.6222 0.4849 0.4353

PUETRR LG BINA ) T {8 57, GDP () X302 S AE B 58 00 (m) /) , AR b s #5455 GDP () CV {H 45 R — 3K
L Z T ESV 1§ Theil F8EUEAEH 1K, B ESV ()X 3825 F 8/, WX} e GDP 5 ESV 1 Theil 548 &
B, B S T R B2 L S AT B (R 20k R R 25 A K TAE S R GRS S MR 25

THEARINESRGEIRS S8 — SRR E 4 B & ST EESRERS 5S40 kRE
RPN, o A S R GRS R S TATER OGN S8 3 S ZSEsrm b, &% ERE T4
BRGNS LR X 2 R AR RTINS R RS R & TAFERNIERE T T . if
[E]J7 51 I, 1990—2017 4 (B ARNMRNE A T K, A T8 R G SS 5 26 08 SR ARG EM R AP 19 B i B
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Fig.4 Spatial distribution of coordination between ecosystem services and economic development of Qingdao metropolitan region
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Table 8 The value of determinant ( ¢) about influential factors for decrease of ESV of Qingdao metropolitan region

BRI rhC o RS BT L IS FEER B A FE— LB RS R
Distance from city center Distance from town center Distance from railway Distance from primary road
q 0.47536 0.22373 0.15079 0.10597
o Werz SRR b
DEM Slope Annual average precipitation Annual average temperature
q 0.06136 0.00654 0.02566 0.02727
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Fig.5 Remote sensing images showing the typical variations of land use of Qingdao metropolitan area
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