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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

“high-low-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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K, E, A AT R A 72 I 55 i (J0/hm? ), n AAEWIECER: & AAEYIZEAL, p, A2 EPERAK (JT/
t), q, M EFVERIR = (Y, m, NES B FMEDIARE AL (hm?)

AR FERAEY A EFT/INE  FARFRT NILARE Gt bR G A AR 5 7w, (P ER
b A% R A AR ) R EUH 4 [ AR 7 AR B T AR BE AN AR (AR AR FR AL, A5l 2004 AERAEMY) Nk 1 T
TR VAR ETE B AR T R %) BT T AR £ A 7 IR S5 22 BR A (E, 1990 4F->4 870.70 JG/hm*, 2004 4F 4 1178.28
JG/hm? ;2017 4Ek 1228.57 J6/hm?,

x1 BRETBEEIEREYTE MEEEMER

Table 1 Sowing area, grain yield and price of major crops in Qingdao metropolitan region

FEATEAR PR itk
Ay Sowing area/ ( X 10*hm?) Grain yield/ ( x10*t) Price/ ( JT/t)
Year INEE BN RE /N ESS A /N ESS KRE
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

2.1.2 EBRGRSME S EIE

Z2(1:1 000 000 H [FEREHEEI4EY | 75 5 80T BB A o LA AR AN BE B AR 32 JE b &4 & i w2 BT
Ay ] AT T R AR S IR 45 (B Y, 7 5 AT BB A% - b ) FH 2 R 0 O ) 2E 28 2R G IR 55 R A7 M i 24 1 TR A
(%2).

*2 FRBTERNEARESRZBREMELE

Table 2 Ecosystem service equivalent value per unit area of Qingdao metropolitan region

F I Land use type

BRGNS
Ecosystem service A H b B 7K A b
Cropland Forestland Grassland Water body Unused land

P55 TYA 0.85 0.22 0.38 0.8 0
Provisioning services JE A= 0.4 0.52 0.56 0.23 0

KGR LG 0.02 0.27 0.31 8.29 0

SR 0.67 1.7 1.97 0.77 0.02
P RS SAH T 0.36 5.07 5.21 2.29 0
Regulating services EEIRTS: 0.1 1.49 1.72 5.55 0.1

KA 0.27 3.34 3.82 102.24 0.03
S F RS IR 1.03 2.06 2.4 0.93 0.02
Supporting services EIRS TN (TEN 0.12 0.16 0.18 0.07 0

R EZ e 0.13 1.88 2.18 2.55 0.02
AT 55 FFHM 0.06 0.82 0.96 1.89 0.01

Cultural services
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FEPR , PRI AR A o A= 2 R GOK IR A KOOI IS5 BB BT b . g a0 (2) BT B HITAR BT,
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ESV,
RES\" 2 fl_l ESVl
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T EHERKF
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Table 3 Classification of coordination between ecosystem services and economic development

HrifE Criteria KA Type K4 Classification

CEE) <0.50 e B e o ALk 2 4 A SRR TES RGNS 4R

0.50<CEE<0.80 BFERETESRGERSER G RIS T A R SR S A

0.80<CEE<1.20 EBRGMS SATFERIEA - HEBRGMSS SATFERIEA

1.20<CEE<2.0 , e EAS R G SR IR 2 T L 2R

CEE=2.0 AR AR TER R ARG AR R T2 R

(1) CEE( Consistency of Ecosystem services and Economy) , #8475 R GRS 5 457 & JE—BUHEE 5L
2.4 M FERI &
by PR g 2 FH DA 2% 1 25 (] 3 S Pk S TS T BB B9 Ge 2207 il 05 ¢ Gei - DU & Rl
FERET, ¢ T RIA(8) & XL,

(8)

Ko, b RS RERS M ESHE RN DA, h e [1,L] 5 N, fl o 53312 b BRITTECRJT 25 N F
o SRR X I RICEONTT 22 g fEAEEON [0,1] 3078 AR R X MR T 100x ¢ %) Y, B g (R IR %
DRI 2 A R R Tt > A SR FH b BRI 28 X ESV Uk 20 14 i R 3047 0K 3 B 3R #65T , S5 9K 5 7 T
R N SCIA R AR B T O A RS BE S BP0 O RS PRI AR B — S RO R, AR R AT
PR S AEREK AR . Gl AreGIS K ECBE B | vw LB A (E e F AR A1 MTIL TR AR B B DT 52 IX N
1000 FEALA , LA ESV 38/ HON 8 & Y, LA PR Y ZEBIAE g8 & X () 3t PRI S A Y 64T ¢ fHLRY
i

3 HREHS

3.1 HIAI AR

4 BG5T 1990—2017 47 B AR T R 4= R A5 280 o Le 28 4k, DA - bR 4% 2 A0 T AR AR R
B b AFFE A R A F AR 2R 98 DX fi F2 22 9 = R RS A SO 5 o A H ) P S A 3 24 | SRR Y 20% 5 4 T
S RIS N5 b, Hor 1990—2004 4[] /K BRI AR N 99.73% ,2004—2017 4FEJ8 /0 28.57% 5 - M F| H 22
k32 B BB AR (4 52 ) 3P Hb T RRURG o, 27 AR (R I 4078.89 km? 5 Mt | F b A AR FH i %) FH b R ASE
B b
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1990—2017 475 15 #0117 Pl 4% 25 I MU 2 B (0 43 A A0 1 2 s, s | ) A 3% H 3R 15.96% , Hrh
14.17% it 1) 8B FH 1L 30 b A 7 5 S 85E 2o 7 PR i A e i, A= b e PO ) 3 P b L R
HiIE ) B R b I 1 A R o R 2R R e 1) TR A Sl o R TR 11.52% ,4.93% 4.02% , %5 [H]
G3AT L, VRS AR AU A Ly b DX T SR R B b A8 A A A B 52, AR T B kg K R 2 B R A A e LU
ALK 752 K 2R A b 5 U ) SRR FH P e 402 R A e M VS T R AT b X T RO SR A S h IR R
5 v T X R A DX 7 U Vg A DX A8 DX IR X 7 H R X

x4 FLREDELMMAZEBER

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

AEfy

4 H Cropland

Mt Forestland

Bl Grassland

Year TR i % TR i % TR ) %
Area/km Area/km Area/km

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

ey JKI Water body WM Built-up land KA FIHE Unused land

Year TR % T % 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

[ kH
A
O
[ s
[ ik
[0 RFH

B2 ERMHELMARLBEETY

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

32 EBRGMRSMEZ
1990 4F, 7 SR TV 19 5 ESV 49 239.31 429G, 2004 4F K 271.42 4256, 2017 4FJg 227.97 4255 ; Sk St
JE /D 1990—2004 4F ESV HK R A 13.41% ,2004—2017 4E FFFE K 16.01%, 231815045 1 (K 3) , 5 5%
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7 PB4 B ESV 52 B0 VG g A AR b st DX 3¢ s | Hp il DX s A5 R 1) 435 40 5 1990—2017 4F (8] ESV Ji /b i X e 4k
TEMF ST DX P8 50 -5 2 S I VA 3t DX P (L35 T Ay DX 3 00 A 9 98 45 7K R 48 K X 32
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Fig.3 Spatial distribution of ecosystem services value

HER 5 AT 7R 45 MR A R I ESV i H iR, AR AR 57K, 1990—2004 4 (1], 15 45 T
TR KSR A AR RN A T Rk AR T R K S i U TR N, KR ESV BRI B K 145.92% , #F— E 1R
BE b BRAMIZE T A AR 25 b I 25 B 0845 5 2004—2017 4E ], 3% T % Hb 5k SRR AT b, 38 T %t
A B 7, LA AR A0 S 350 5 A0 T PR AR I A A7 ek A R 340 K Sl v AR 37 S B2 i I /D 28.57% , BUfifi
AESV R,

£5 FLRETELMFMAXRBESRERSNETL

Table 5 Ecosystem services value changes of different land use types of Qingdao metropolitan region

SIPAYES
oA R ESV/fZ5e % Dynamzilu(;eiree/ %
Land use type
1990 2004 2017 1990 2004 2017 1990—2004 2004—2017  1990—2017

&M Farmland 69.65 124.42 113.60 29.10 45.84 49.83 78.64 -8.70 63.11
s Forestland 71.33 25.02 17.52 29.81 9.22 7.69 -64.93 -29.95 -75.43
il Grassland 59.62 26.83 18.27 24.91 9.89 8.02 -54.99 -31.91 -69.35
K38 Water body 38.69 95.14 78.56 16.17 35.05 34.46 145.92 -17.43 103.06
KA FH Unused land 0.03 0.01 0.02 0.01 0.00 0.01 -75.46 121.33 -45.68
&t Total 239.31 271.42 227.97  100.00 100.00 100.00 13.42 -16.01 -4.74

T AT B S WA S R GRS EAE (3R 6) 3R BAR L 1 IR 55 > L 45 R 55 > SR iR 55> S0 iR 55
AL T T, 1990—2004 4F (8], fiE45 S5 AR %5 ESV ) 1T, Hs 2 A& B 5 KR ESV 78 sL i A ir 17t
2004—2017 4E[H], 25 iR S5 (B3 A e B R
3.3 BB RGMS S5AT R YMEE ST

PG, T B E T 1990 2004 2017 4E14 GDP 43 Hll& 782.86 .3627.50 ,17598.09 127G , 3¢ B 7E M 4 [a] 1%
X 2P & e, AU AR F ESV 148tk AR (5) (6) XL ESV MIRREM AT RGERS 25 U
GDP R M AT K2 537 0 pr , 25 R sk 7 s,

fif5 GDP | CV {E¥ KT ESV #9 CV {H, &I GDP 22 5P KT ESV 22574, ESV 5 GDP By CV &
B [B] 5947 e T 1%, 2 W ESV Al GDP (1) IX 38l 22 SRR AE AN BT /s . S5 8 7, 1990—2017 4E ], 7 & 4R i el B
W2 [H] GDP 22 3R T ESV 2538, H ESV 5 GDP 45 H (1) X a2 53 72 B2 7E i 58 0 [R) 354 o/ s .
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Table 6 Ecosystem services value changes of different services of Qingdao metropolitan region

x5 K 7l ESV/{Z7t % NI
B RG M Is A 7 Dynamic degree/%
Ecosystem service type

1990 2004 2017 1990 2004 2017 1990—2004 2004—2017 1990—2017

25
LV”.H?(f . 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
iﬁfﬁ&% . 59.32 57.58 50.10 24.79 21.21 21.97 -2.94 -12.99 -15.55
Supporting services
41T Total 9.55 6.08 4.73 3.99 2.24 2.08 -36.33 -22.14 -50.43

x7 BERHATEESREEREMES GDP HERREH CV 5 Theil 155
Table 7 The Coefficient of Variance and Theil index of the ESV and GDP in Qingdao metropolitan region

54 Index 1990 2004 2017

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

Z&IREHU Theil ESV 0.1720 0.0403 0.0195
GDP 0.6222 0.4849 0.4353

DA AR L BINAS) T (7R, GDP 1 X325 S Ae ik X B ek /s, e A8 ka3 5 GDP 1 CV {E45 R — 2L,
AHEEZ T, ESV /% Theil F8EUEAEH AL, KW ESV A 322 B8/, Bt X GDP 5 ESV 1Y Theil $5%k {8 %
B, B S T R A RE A, T S AT R 2k R R 22 AR K TS RGR S S B2 S

AR SRR RS SAF—8WERE K 4 s, F W EAESRERS 545 K RE
REIH AP, b AR RGERSER S T ERNEN 8RS, oA L SFERE TE
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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

PRI P B P S BirPuL i PR B 14 P PE— GG P P
Distance from city center Distance from town center Distance from railway Distance from primary road
q 0.47536 0.22373 0.15079 0.10597
B2 Werz AERRK B AERR
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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