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Estimation of the ecosystem service value of the Beijing-Tianjin-Hebei urban

agglomeration based on multi-boundary improvement
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Abstract: Regarding the ecological environmental integration of the Beijing-Tianjin-Heibei urban agglomeration, the
combination of administrative, Tessellation polygon, and minimum accumulative resistance boundaries based on the
minimum cumulative resistance model was used to improve the traditional evaluation method of the ecosystem service value
based on administrative boundaries, to estimate the actual ecosystem service value of 13 cities in the Beijing-Tianjin-Heibei
urban agglomeration. The results showed that (1) the Tessellation polygon and minimum accumulative resistance boundaries
of biodiversity conservation and cultural service corresponding to the 13 cities are relatively different from the administrative
boundaries; (2) the total ecosystem service value of the Beijing-Tianjin-Hebei urban agglomeration is 454.481 billion
yuan, and the actual ecosystem service value obtained by the 13 cities are very different, showing a downward spatial trend

from North to South; (3) compared with the estimation results of the traditional method, the actual ecosystem service values
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acquired in Beijing, Shijiazhuang, Chengde, Hengshui, Langfang, Qinhuangdao, Tangshan, and Xingtai cities increased.
Among them, Tangshan City had the largest increase of > 5.65 billion yuan, whereas the actual ecosystem service value
obtained by the other cities decreased, with the largest decrease in Tianjin, which exceeded 9.8 billion yuan; (4) the
results of the sensitivity analysis showed that the change of the total ecosystem service value of the Beijing-Tianjin-Heibei
urban agglomeration was stable to the value of ecosystem service; therefore, the estimation method was effective and the

research result was credible.

Key Words: Beijing-Tianjin-Heibei; urban agglomeration; ecological environmental integration; Tessellation polygon;

minimum cumulative resistance boundary; ecosystem service value
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Table 1 Ecosystem service equivalent value per unit area of Beijing-Tianjin-Heibei Urban Agglomeration
HEABRFRGLZET Ecosystem types

N ’
oo i e e kw e LR AR

Forest Grassland Water Farmland surface land

M4 i 55 B 0.23 0.23 0.74 0.86 0.00 0.02

Supply service SRRk 0.53 0.34 0.28 0.39 0.00 0.02

K BER AL 0.27 0.19 7.15 -0.03 0.00 0.01

P AR 55 SAETEAY 1.75 1.21 1.00 0.68 0.00 0.09
Regulatory service S A 5.24 3.19 2.55 0.36 0.00 0.2

e RIS 1.56 1.05 5.16 0.1 0.00 0.15

IR ST 3.85 2.34 86.64 0.32 0.00 0.17

RS R JVSh 2.13 1.47 1.21 1.01 0.00 0.11
Support service HIZS PN 0.16 0.11 0.09 0.12 0.00 0.01
LR/ EZ A 1.94 1.34 3.61 0.13 0.00 0.1

SRS Cultural service K 0.85 0.59 2.46 0.06 0.00 0.05
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Table 2 Ecosystem service cost values of Beijing-Tianjin-Heibei Urban Agglomeration
BRGNS RH 32571 Vi guniia BH 7 kA RPN U
Ecosystem service Resistance types Classification standard ~ Resistance value Weight Classification basis
AR b R A it 10 0.7 (43-44]
Biodiversity conservation HLH, 40
7Kk 30
Bt 100
AT A 800
AH 500
EfE/ m ( ,100] 40 0.1 [45]
(100,400] 100
(400,1000] 300
(1000, ) 500
WeRE / ° (0,5] 40 0.2 [46]
(5,15] 80
(15,25] 150
(25,35] 300
(35,45] 500
(45, ) 800
AL 55 HEA T AT R G ( ,10] 20 0.7 [47]
Cultural service A B/ km (10,30] 40
(30,50] 90
(50,70] 200
(70,100] 300
(100, ) 400
S 3 T g ) B (,1] 20 0.3 [47]
Qa3 NN (1,3] 60
B EZH) / km (3,51 100
(5,) 200
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Fig.1 The cumulative resistance surfaces for biodiversity conservation and cultural service
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Fig.2 Effective boundaries of different ecosystem services in Beijing-Tianjin-Heibei Urban Agglomeration
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Table 3 Ecosystem service value coefficients of Beijing-Tianjin-Heibei Urban Agglomeration

HARRGIEI Feosystem types

B RGE RS
Ecosystem service bs: Fih K5k Bt AT AR
Forest Grassland Water Farmland ~ Antificial surface  Unused land
P25 MR 55 Ty 406.20 406.20 1306.91 1518.85 0.00 35.32
Supply service JE A= 7 936.03 600.47 494.51 688.78 0.00 35.32
IK GRS 476.85 335.56 12627.62 -52.98 0.00 17.66
P MRS AT 3090.68 2136.98 1766.10 1200.95 0.00 158.95
Regulatory service AR 9254.36 5633.86 4503.56 635.80 0.00 353.22
HAL A 2755.12 1854.41 9113.08 176.61 0.00 264.92
K SIS 6799.49 4132.67 153014.90 565.15 0.00 300.24
SRS LRy 3761.79 2596.17 2136.98 1783.76 0.00 194.27
Support service BRSPS 282.58 194.27 158.95 211.93 0.00 17.66
W R 3426.23 2366.57 6375.62 229.59 0.00 176.61
AL 5 FEF M 1501.19 1042.00 4344.61 105.97 0.00 88.31

Cultural service
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1%, 4 9.72% , EZ LK FRMLA RS 0 A B R GRS M E R SIS, 4 161.46 427T, i 5t H 5L
XA RGEMR S BB 3.55% , FEAS RGOy I, SR A= 28 R G0 IR 55 M (6L e = B YR kg Akl
> KIS HE > B S AR > N T2, Hod Dbk K38k B 3 Fp LS RGO RS RIS M E A
¥, i EME R B2 90K 50.62% 26.02% (14.50% ; 541 3 Flvl: 28 R G R HERY AE B R G IR &5 I 5D
IR SN ER 10.00%

http ; //www.ecologica.cn



5 T Z I S R SR SOR T AR S R G5 M A5

X

12

18" ¥¥St Y01 000 €1°6S9 S9°C8I1 LT 10 1L°00€T 9% 191 91°¢88 ¥9°850¢ ¥S 1y 12100, 1Y
8L°91L 81°0 000 09°86 €189 L8'TIT 00°LE€E 68°'8C L9291 S6°'LSY LT'L9 g

LTl LO°0 000 LE€S $6°01 15°9¢ 18°1¢ wy LS'SE LL08 ¥9'1C py

SS'19¢ 70°0 000 98°IS Tr9ge 61761 €0°8S €76 SLey €6°0LC €PLE T

¥ TL €0°0 000 7881 0T’ 1€ 6091 8C°901 ¥9'9 15°6¢ TESII 8671 e

T6'€S 000 000 8€€ ssel ¥$°0 vE'L PI°T 16°CI 68T 8STT L

6LYL 000 000 6v'6v 0g°61 910 ¥$'S SH'l 8Ll L9°8€ $8°91 JiTpNa: 7}

$69¢1 200 000 SSS 6581 Ly 60°6S 8I'¥ §9°Te €5°8L 65°1C sl

TI°6801 Se0 000 Ly S1°8¢ 8%°L9 1L'+€6 9L'LYy 1L°SYC 10°61L S9TL i

€0°€9¢ 100 000 0T°LL 65181 9€°0 L6E 6£°'S Teee 81°L81 YI'LE B

£€9°0¢t 200 000 01°L9 89 L9°CT 00°98¢ 0T91 b6 ¥0°08¢ 96’1t e

S6'IET €0°0 000 esy 11T 9I'1T TT8el L9'8 0T'Cs €T ovl S8'¥C e

S6'9LY 61°0 000 98°¢tr LUTlY 10°€ IL°L1 LLOT 68°9¢ 9€°¥8¢ €6'7r il s poyew [ruonIpeL],
66°L6€ 600 000 (AN SS°19 €2°0C 00°56¢ TT9T IL°18 8€'TLT L9°8C e LGS,
18" v¥SY Y0'1 000 €1°659 S9T8II LT 10 1L°00€T 9t 191 91°¢88 ¥9°850¢ ¥S 1 [®10L, J15y
10°959 81°0 000 £8°86 66°'LS €1°60T 88°68C 65°9C 60°TH1 LO°0TY LT'L9 e

8€°OV1 80°0 000 00°Cy L0'8 98°LT 8€'89 667 89°L¢E 90°C8 ¥9'1C e

SO'8TY S0°0 000 90°LS 87°08¢ S9'pI 1099 €TII 19°9% 8L°TTE €rLE Y

91281 €0°0 000 €561 9p ey 90°91 LO€0T 189 rhse Y6'HTl 86¥1 -2

98°¢L 10°0 000 ¥T'8¢ LL'ST 8L°0 LO6 89°1 €9°91 L6'EY 8¢S T1 Jatiresy|

€2°501 000 000 11°0L ¥S'HT LS0 10°01 0T'C YT 6T ¥6'9S 6891 JipYrar s

L6°0TT 100 000 TS LO'8T 16°¢ 96°9% 99°¢ S¥'9C LT'69 65°1C sl

€1°2601 Se0 000 9Ty ST OF £7°99 85°€Y6 SO'LYy 80°09¢C SETIL S9TL T

S¥'95¢C 10°0 000 LEEL 0L'6LT 8C°0 60°¢ ¥T's T0°1€ 70°€81 vI°LE B

S6'28¢ 10°0 000 71’99 81°6S €r°0l 1T'L¥T LLET 9L°68 9 1+ 96’ 1% HAGH

TL'8LT Y00 000 90°St 6 €€ 19°€C IS°9LT 9’11 79°9 LO'98T S8'%C WHE Y

1L°8L€ 81°0 000 10°¢¢ 0£°8€¢ SLT LYY L6L 6L°LT 70°86C €6'v Tk -n'a poyow paaoxduy
81°¢St 600 000 LL'TT S9€L 18°+¢C 98°T€¢ 60°61 SLLS 99°L1¢ L9°'8C e 3rEra )

®U&L:m @u.;‘_@w @v.:ﬁ@w @0._>,~®w ®U_>L®w
1:.3 Twm::D MMWUE:.;& ﬁ:mﬁugumm u@ﬁ% ﬁcmﬁumwmgg ﬁwwuoh ﬂm.:_::U ﬁo&&sm bo~m~:w®$ \ﬁmm:m

o], (22 WY g TE L [ T CMPE LW LW Wi son) ¢ PopON
o L €1 L

sadf) warshsoory

sad£) 901A198 WOISAS00T]

s A S UGE T

(U2 /B Y WG LS FHDH €T 3 U E

uopewWo[Sdy ueqr) PqRH-ulluer]-Sullldg Jo In[eA IDIAIIS WIISAS0dH { Iqe],

V¥

//www.ecologica.cn

http



10 A E = 38 G

XFF IR AT 13 AT I 5, Ao A S R GRS S E R, Ho SR A S R4
R 45 A (B4 1o 0 b T AL B 7R AT AN SR R 10 T, 43 1A 1092.13 /ZJ6AT 656.01 427G, & 13 i A R SE R
55 BB LA 3 301 R 24.03% F1 14.43% , 53X A5 33X WA~ Hi T A9 o b T AR KA 56 3 5 A b it B 8] 30
B R PR B AT 56, e TF AR AT, pR T A ] s X A7 A R i R A A e BT AN e B — A 25 R B IR S5
PO AE B R GRS BN EIA R T 943.58 4270, Lt K T Ho A b 77 5 i %o T 5k 5 0T, 7 PR A8 R T R e
AR B i) = R DR, TR CRE T iz b IX AR S R G5 1A Rtk . HoR AR S BT p b Tl 55 Kt
7, F T AR ) A (AR S S T A R R GRS, T LA T PG & R 1 [R] B, FL S PR A7
B4 25 R GRS M R, 2 ik B 453.18 420 378.71 4270, Hoh b 5t 94 45 R G0 IR 55 (i = 2ok
U At 355 332.86 47T, R HEH FHET G A5 AR A, BT DL e K SR L i A= 28 RS R 55
{E 4 338.30 1270, Hoatbhrih, 5k at i RS2 bR AR A5 9 A 28 R Ge IR 55 A (5 AH ARLAY 2 R LU Tl Fn O
7, 5054 418.04 4C 70 382.95 27T, T HA LA Hu T SEFRIRASF AR S R GRS B AR/, b 13 N TT )
LA 7.00%

S5 13 AN T AE USRI T R A0 B B AT 13 T SEPR RS 0 A S R GRS M (A 53 18] 1)
A ZE SR, MR I L R B N R ARG S N EE R M T R RS Tk R e st
7, E B T R RS A HE 1L b DX RT3 A9 ACA T L M DX Ah | F LA R R i i b X 3k e [X ) [ 4R % U
FE R AFAE T AR AR R0 B b YR, AR AT | 5K 5 10 T P AR s R R b T AL A A R AT 3 T km® 2 T
fem? 378 376 I At L T 198 bR e R R e 5 R TR DR A A e ) R R R R S b DX AR A R
B JERA A, T T X IR S A RS BRBE b K SO | IR AR AR Y Z R O TR B T R AR )
A2 AN ZSHAIL T R it Ui RN I AR S SO IR 45 D RE ) T T ot 3 g 35 A A K T T £ T R TR R
45, T N2 I S5 VRS T R AP I P 25 14, 3 S0 1l DX A7 A 1) R T AU b, B T SR it B Ak 7™ |
JFOR A PR AR LG IR S5 A0 A SRR AR 45y 1T R A B A IR 55 DRk - b 1) FH A 78 g B il 8
PR3 R0 b X S B Ir 2232 B 0 A2 25 R GRS I (B A /N 07 T Rt EE S A0S0 X A M TlT 37 T R 3 o
DX A 7R PN T A Tl A SR T A5 i PR A e ) P I 78 R 5 3508 B i 1) 1L e A 3 A Sk S S B B
b, PRI b5 2 4 T 552 B T =232 B AL 25 IR 55 A1 R 55 SR IR 95 A SCAR IR 95 (B8 v, A T s RS AL A b T
FIRE BB LT 22 (8], T LM S DX A A IR BE — b £ B 25 18, 0 T bt e A S R G R 55 25 (R 0 A3 1R R 2 1y
IO T2 A S ARSI T RS L PN B BRI b 2548 A B S N R LA, Ak F AR IR R s TR L, SRR R
Befr4 TAE @t B TT Ak A RN RZ R 04T 8l AR A3E J) A1 SRRV B, DUARIE A4S T 52 bR
TR Z (A 25 R GRS M (B8 A A 25 2R G IR 55 A L 2 /0N 4y ot e 4 g s i A K i TR 45 T
ST A5, 78 A AR LA BRIE M IX 14 ORI 45 A 55 A1, 340 17 7 b DM B J5URT /K 9 R 45 1 R 4 5 BRI
J& |, DAGRUE i DX AR A5 RN K SCR T 68081 AR 55 R AR ) 2 RE MO B, RIS KO & SO AR 55 D g, DAGEAS X
I S = a7 B A 2SR 55 (B XY A =
3.2.3 oot ARGEPIR TR AE S R GRS I (B A 25 SR

X R EGHE AL PR 7 A B A RO S T R 13 T AR S RERSS M EZ R TR (R 4) , &
B T PR 5 G v a2 DR TR RR DA R A A 25 R G S AU 1) S TR AR AR W], i DAE S e S vl L2 |, 7
PGB A2 A S R GRS TIBE AR R G SRR R 59 A 25 R GRS B (E#S AR R, e 13 A3t s RO
b PR TR A AR SR SR 25 K

XFFAest AT R EE T A KT RS RS LRI G S A A AR S
RGEMS5 A E FAL Gy Al R 45 3 i, U X LA M T SE R 3R AR 10 AR 28 R G55 B (2K FAL 58 )7 i
AR S5 S, L B d5 KR R LT, M 56.50 427 ; i He At v S PR 3R A5 19 AR 28 R Ge R 55 B (E 2L/
FALG 7k B A A A R D B KRR R Bt 98 2ot LAFE LT Ry 9], L 24 IR 55 10 47 I DX sl v 1 5
PIFP T A S L 25 AR 55 I (LR 37.43 A2TT 5 1R 1 R LT X6 7 1) 28 2R 22 ¥ 8 31 BB R AT BB L 5 o

http ; //www.ecologica.cn



12 14 NG AT 2 RO B AT SO AR S R GRS M A 11

Hh G £ A S R G AV AR TR AT BOL A e E 0 AR, R T3 e 9 IR S50 (R TA%
GBI BAR AW 2 R S/ N B TBH 7 32 A BN AT B0 B L AR 5 i AR ) 2 AP IR
SN (AR N TR R AR 2 8 30 St 5 I i e R R A5 o I A A3 it e DLt 1
THE R Y R LU T S PR ARAR ) S A IR 55 DB ME K TR 45 1 5 i T SU RS s/ B A S
BRZ NN TSR I DT  B SCI IR S B = TR S ik, 25 b R LT SE PR AR B R SRk 55
DR E R TR G I M AE R . A R ALY, ek Al 33 Hh 19 AR 2 R GE R 55 B (AR AL G 7 Al 53
LAY = B i DR R A TR 49 R S5 (i s AR AR S R R 13 A b Tl A A7 80 O ) R A 8 R 22 S R AR
13 A T 22 [ () 3P T 8 A 7255 (D3 Bl A 55 40, 1T 28086 T 13 AN Ml T AT B0 AR AN R, o D R 6
MIZE AR Z T8 Bt /INT R AT B0 5, B A 800 A AR S R R 55 (/N TR e A 45 R . i
Ut , PR R LU T AR T SE PR ARAT 1 A A8 R GRS S (B vT 0, 380 A2 25 R GE R 55 T BE 1) iR 55 v 1B i S 4 T
TATBGR R AR, SEBBERAL Ax Rtk — R AR BT LA T NS 148 B B AR S IR R
T B A AN X SIS G D R IR AR A IR PR RIWHESE T, S KRR Hh 4t — 4% Hh
RS 15 80, DA LR R S R Ak,
3.4 HUBRME AR

2 25 R G0 IR S5 I A BUBE 20 BT SR (36 5) , AT 400 ESV X E. A BUBME S S8 /N T 1, i i BMIRAR
UL K8 AEHE L SRR AN TR 10, SRR B i (B A AR LY 0.51, SR Y A= 28 R IR 55 [ &
BN 190, BTEHE 1R 28 RIS A EIE N 0.51% , PRI, 50 S A4 28 R A0 R 55 (8 1k (R AR AL AR G T
BRGNS M E R BORREE B SRR, BT DU B A S A R, T R T B A S R GRS
(IEGOERnCN

£5 WMEERETHESRGERSNESBESF

Table 5 Sensitivity analysis of ecosystem service value in Beijing-Tianjin-Heibei Urban Agglomeration
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