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Abstract; The spatio-temporal variations of ecosystem service value (ESV) and the determination of its driving factors are
the basis for ecosystem service management and decision-making. Based on the remote sensing monitoring data of land use/
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Tianjin-Hebei region were calculated, and their spatio-temporal evolution, profit and loss situation, and driving factors were
analyzed. Our findings showed that, during the research periods, a large amount of cultivated land in the Beijing-Tianjin-
Hebei region was transformed into other land use types, among which the area of cultivated land with low permeability and
grasslands was the largest. The overall change of ESV shows a trend of decrease and then increase. The spatial distribution
of ESV showed that it is higher in mountainous areas than in plain areas, and higher in coastal areas than in inland areas.
From 2013 to 2023, the ESV change index in the Beijing-Tianjin-Hebei region generally showed a trend of first decreasing
and then increasing. The gain was the greatest during the period from 2017 to 2023, . The analysis of the profit and loss
situation of ESV showed that the changes in ESV in the Beijing-Tianjin-Hebei region present a trend of first loss, then gain,
and finally stabilization. Compared with natural factors, socio-economic factors had a stronger impact on ESV | especially per
capita GDP plays a key driving role in it. Meanwhile, the intensity of human activities ( HAI value) generally showed an
upward trend. Regions with strong economic vitality such as Beijing and Tianjin have a higher intensity of human activities,
which reached their peaks of 0.7466 and 0.6801 respectively in 2023. The results of interactive detection showed that the
role of each factor in the ecosystem service value of the study area presents a two-factor and nonlinear enhancement,
indicating that the ESV in the Beijing-Tianjin-Hebei region is not only affected by the individual action of each driving
factor, but also by the compound effects of driving factors. The results provide a basis for coordinating development of the

ecological environment and regional economy in the Beijing-Tianjin-Hebei region.

Key Words: Beijing-Tianjin-Hebei region; ecosystem service value; spatial and temporal evolution; driving factors
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Fig.1 Location overview map
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Table 1 Equivalent value of ecosystem services per unit area
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Table 2 Selection of improved remote sensing ecological indicators
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Table 3 Selection of indicators for driving factors of ecosystem service value in Beijing-Tianjin-Hebei region
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Table 4 The index system and weights of human activity intensity

L Bl

. EIES; i H 1 e e
Ei=V N Degree of ﬁljijiﬁJﬁE o &Hﬁﬂ The proportion PN 5 GDP % JF

R . Nighttime Proportion of i . . K
Indicator vegetation o . of the secondary Population size GDP density

lighting data cultivated land .
coverage industry

U Weight 0.2985 0.0673 0.1144 0.0497 0.1412 0.3289
F84RJE M Indicator attribute ik it ik ik ik ik

R5 2013—2023 ERFEHEMX A ARBEBER
Table 5 The transfer of land use types in the Beijing-Tianjin-Hebei region from 2013 to 2023

2023

2013 R K i R A Moty Wty Bty i KR

Impervious Grassland Shrub Forest Barren Cropland Wetland Water
ANEIK T Impervious 18617.701 699.878 194.654 403.338 70.741 7276.137 145.122 1377.048
FJF Grassland 2678.439  19479.449 3011.959 3449.396 238.367 6929.179 179.828 2132.139
AR Shrub 506.649  3014.416 9222.291 2244.465 23.235 1743.379 29.071 83.120
Mt Forest 846.016  3027.190 1929.390 19570.850 16.829 2255.843 59.102 158.868
#R b Barren 108.341 148.954 11.433 16.573 527.985 294.533 66.603 65.977
#ith Cropland 27389.657  6245.161 1778.841 2577.685 416.246 60707.013 499.693 1694.298
1 Wetland 306.142 121.922 17.701 36.172 250.554 280.711 152.158 253.870
JKIF, Water 45.595 0.793 0.000 0.000 3.698 0.000 28.609 25.347
ST In total 50498.540  32737.765 16166.270  28298.477 1547.655 79486.794 1160.186 5790.667
AFALTA AN Area of change 31880.839  13258.316 6943.978 8727.628 1019.669 18779.781 1008.028 5765.321

R 6 2013—2023 FRiEHEMX HibEBIER

Table 6 The situation of cultivated land transfer in the Beijing-Tianjin-Hebei region from 2013 to 2023

K4 n) AHEH 2013—2023 25K iR/ km? A LA/ %
Change direction Change type The number of areas that changed from 2013 to 2023 Change ratio
BN AN —H 7276.137 9.15
Transfer to cultivated land FE - 6929.179 8.72
AR 1743.379 2.19
M — 4 2255.843 2.84
e ib— Bk 294.533 0.37
Vit — b 280.711 0.35
KRt 0.000 0.00
Ait 18779.781 23.63
BEHL A% it — A 37K 27389.657 27.04
Transfer from cultivated land B — 55 6245.161 6.16
HRb—EA 1778.841 1.76
Hitth— it 2577.685 2.54
HEh— 416.246 0.41
Hrith— i 499.693 0.49
Hidth— 7K 35 1694.298 1.67
it 40601.581 40.08

H 2 SATAL, M 2013 & 2023 4F, A% /K 1 A R A E K, 4 31880.839km” , Fi b % A BT A B /N, A
1008.028km” , HiHt | AN /KT FR Ik & . T R M, LG A T R IR B84 T A 32 22 J PR il 2 st R B M X 1)
IR AN 5K T AL R D R T SR E O, R 6 T, 2013—2023 AR (], HUyE L X )
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I H T AR AR, LI ) A - MR R 2SSk, f Bk ) NGB K T B ER MR R b DL KK S RS
B R T R 2> 5 S 27389. 657km? |, 6245. 161km* | 1778. 841km* |, 2577. 685km” . 416. 246km> , 499. 693km” |
1694.298km” , AT LAFE H b A AN 325 7K TR RE J i) T A i 2 | e rp Bt S 780 206 A0 1 T g it IR 2 IX Sl Ak Fn T
M RN S BOK AR TS e 5, K BE IR AR AN e/ K B IR E i, BOK FHE E n] EHEAS  aX d
M HE Y R DX AT AL F P SRR B B, RIS, 3 AT AR, s b DGR B A MG BRI A B R, AR
b B DA R TR A A T I, o L B O BORTHEA T I < B LR R BRI AR S5 AR B S BUR H
B, #E—20H, BB 2 AP DORAETE 28 ST bt LSRG T Y A A FH T AR A R A v HL
i, RIS R FR A b ) B AL O SR R T AP i S R AR A e oy B AN, R T RVE N T AR AE
B0 IR S 0 K 3 ) R UG A, AR A7 AR T PR LA SR M6 8% | DR e T A T B vl LA RO 5 115 1)
I oy At b A AR % 10 TR X A 2 L4380, T JRR 5 T RN A K T ZE 5 A PN A 4% 2 - Wl T AR TG B AR
o G VLA Al BAR I AR U M X & T T AR S ORI R, b Rn = b AR B R, (HAE
Tk AR LA R R R KT 5T, A R g i b T RRATS o LA R BRI e (Rl R TH 58

A AL 2T
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0 et [ kg g s
(I ] IR 3 o <)
I kst e I =i — P
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[ I mt—gims [ | @i iR
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2 2013—2023 FRIEE T AR TLE
Fig.2 Changes in land use types in Beijing, Tianjin and Hebei from 2013 to 2023

2.2 DRSEI 548 RGNS M EZS B AR

A SRR 25 B S AR AP T o I AR EE G [0, 1] BB | R AE R IREE i it
M, P 3 JRR T 2013—2023 4 HUHEL X DRSEL 4345 S AR Ak #4345, 2013 4F DRSEI J&# &% = o~ 0.978576,
2023 4F DRSEI JRiiB e =4 0.980676 , T AT IX 18 J A 2548 B (ELAT Pr e i, A 2013 28 2023 4F ] 5t it
T XA SIS AT WA AR KA T DA R 28 5 0 T 3 S S S B v, 45 & b B s 7R R
AU, =T34 L M 22 3k, 2 0 b B0 ) 300 1 e RSk 5 F 18] 3DRSET 28 Ak a3 AT 0, M 2013 4F %
2023 AEHBERTT IR G T A S0 T 18 A A HR BO R f K, A T AE RS IR, MR K T R T DL X 2R
L 5T DRSET KR BEREAS , B0 AE SR IS, 456 17 SC - bR RS AR Ak ] AHEIN DRSEL T R i) JE A
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2013—20234¢

g DRSEI Asied Y DRSEI DRSEIZE {k#4 #
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B3 2013—2023 £ DRSEI 34t
Fig.3 The changes of DRSEI in the Beijing-Tianjin-Hebei region from 2013 to 2023
DRSEI; ik 748 Ji A 2595 4% Remote sensing ecological index based on DHI-cum

&l 4 /R T 2013—2023 4FGUH SN X AR S RGEIRSS (E (ESV) M2 fbid . AR RUBE R, 2013 4F |
2015 4 2017 47 2019 4F 2021 4F L) J 2023 475/ B ] nt s b X B 4500 ESV BR300 11.8516 127T .
20.0202 1Z7T . 21.4152 27T ,23.0234 1275 ,29.4651 AZIG LA K 31.4090 1Z7C, ESV I FRAGHRE T+ 32 225 [ T 45 5
A2 R G55 DI RE M s, o R R IR 55 SRR S5 e FLrh R4 T OCEEE R . NS B REER B BFARIX
R RGIRSS M (RS S K- 230 B ARb & i iy i = B 0 A% JR . 2015—2023 4F B HEFE I
X ESV B SfAHX 2% H 25 [ /3 A BN AR AE , ESV I e {8 DX 384 v 43 A 76 001 i 2 b DX A 46 R ol M Tl
DI R LT s AR A X R 32 50 A AR T s bty A8 AR ot R &5 o7 A 7K i A S JER B T 5w IX sl 43 A
FELARAT IR ik Z O RAET e b i R B RS, 55 5 IR %1,2013 4F U
TEHLIX ESV 7S (] 40 A 225/, T H 2015 45 A2 1 5 ARk AR X ek 1 AEUA S 35 ok, v {0 DXl i AR 2 B
HR R R 2 s i v L DX B WD IR A Ak
2.3 HIUER RGNS VIR A1

T RIRT 2013—2023 4 HUHF L X & B S R GRS DR N E AR L, WEBEAOKE | BRK R4t
BIIRESN, BAR ESV 545 BT S R G R S5 DU RE A (B XA KR B2 i £2 71, (B 2013 4F % 2017 4R MG, BIF5T
XA ESV M 4489.49 /270 T B 2 3706.12 4270, B0 H AR A3, il BB R R 78 T 2013 ] 2017 4F AR, 52
R X B T PR, AR M X A AR A K2 B, A S R GRS ThRE TR . 2017 4F & 2023
HE = HARFFE I AR ESV MM 3706.12 1278 FFHZ 8756.05 12,70, 5 30 H SR A (04" Tk AR 34 H 30 53k 55 100 14 B
AT BB T BUR & T — R0 ¢ BT R & B R 9 22 ) 45 AR AR Y BOR | s AR S IR 2 2 i il
FE MBS TR IHEDE  RIBS I T 77 S5 H WA s B gl m Sk 6o ARRk JEERJ7 ) R R /0 T =5
Yo ERERET M A AR AR . ELACR UG, IS A P R 55 ) BB A A ELHS Inig BE F R, B ESV I L
BIKT 75% , H F LA T A 5 R ST, SRS B IN T 649.49 12701 2025.13 12758, HIKJE L HF
MR 55 DREMELAE A5 B BEAY 4 LU ATE 10% 247, EEZORIE T R IR A 20 45 iS5 D se i M (i 7
SVESV RPN 5.9% , EEORIE T WA M ESE L T3 25% B3GR . SO R 55 D RE A A
ESV By Btikine/N, F3 5 A 3.2% ., AN, £ B A 3 R G IR 45 T e 1 1 (8 B dcoh B E B B B ol
2019—2021 4, JLBir Be 45 BRI A= 25 R G0 i 55 D Be A3 1 s B A v, (175 o T B b XA ESV KRR EE -,
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Fig.4 Spatial evolution of ecosystem service value in Beijing-Tianjin-Hebei from 2000 to 2020

®7 FEEMRBTESRERSENEEL/ (LT)

Table 7 Changes in the value of individual ecosystem service functions in the Beijing-Tianjin-Hebei region

2013—2023 4E
BRY ifie g
from 2013 to 2023
B IR S e 284.22 271.83 232.82 217.95 452.40 473.67 189.45
Supply service SRR 7= 123.33 119.07 101.80 97.89 204.61 216.73 93.40
KBRS -164.79  -156.94  -134.02 -95.99  -194.73  -195.01 -29.94
WA SS SR 428.78 413.77 353.75 339.53 709.47 751.09 322.31
Regulation service AARIE TS 778.29 756.48 646.02 636.86  1337.32  1427.78 649.49
LG 268.85 259.88 222.41 230.49  483.97 517.44 248.59
IKSCITT 1830.81  1752.44  1506.89  1719.16  3606.55  3855.94 2025.13
paniliS T3l 397.82 385.22 329.13 320.09 670.65 713.17 315.35
Support services GRS EIANEN 55.96 53.83 46.04 43.65 90.99 95.92 39.96
LY/ EZ 329.70 318.88 272.28 270.59 568.85 607.82 278.12
SCALRR S5 Cultural services  SE% 50 156.51 151.04 129.01 129.67 272.69 291.50 134.98
3t In total 4489.49 432550  3706.12  3909.90  8202.77  8756.05 4266.56
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Wi A BRI, 7E 2013—2017 4FHr BOAFAAE R AR ESV $i 2k, 3228 p M | 5 M Bk b 1] S 328 7K 1T
KR 7% T 1 ) (B0 R | BT B ESV 451 2k BEAS A SR P9 IX 20l i X — B i S IR AT B2 H Tk
e PRHEL | F DL R0 b 1) AR b RUAS 35 K TR A, 2R 1T S 800 ESV B0 S T, rhbt K g Ay 7 R A DX
BN TR, AR T IR G AR e e M T AT RS R L T, #2017 —
2019 4EBY B, KB/ X381 ESV 83476 [ 0,0.195 ] X M]3 8, X Bk ESV AR A5 B 9] 4 Fa e, 78 2019—
2021 AEB B, GUEEBLHLIX ) ESV 58 H IR A FTAE e, KA X B ESV i 25 4 1F , iX EZIH A T K & d# i
- ) B IR B Ak, 7E 2021—2023 AR B, S N R KR 43 X IR ESV 40 45 A8 AL AR X P22 H 25
[ A8 e | ik E IR T4 b R RV AE 4 TR e BN A AR S S E Bl b . ZR5 A il
BRI Y TR M X ESV %7 [B) A8k 3 1T I S e R TR A % R R IR BEAAAE R AR O
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Fig.5 Spatial distribution of profit and loss of Beijing-Tianjin-Hebei ecosystem service value from 2000 to 2020
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14 XIIRSC A B TR A R RO U S X A 25 R GRS (L 2 A B R I -7 13

2.5 EBRGMSMERRSH R R
2,51 FRHETFIRSIHE ST

26 8 ] FH i BN 00 B+ 0 4% IR Bl IR T A 25 R G R S5 I (B (ESV) RO RE M AR, l LG HY AR ST
TR vE ) 8 ANIRBNRF 1 g (HY KT 0.1, FRBHX LR 7 X ESV WAL BB B A B iy g B, H P Y T
1% B & PERG R oE— 03 AR ¢ (/0N 983 N T RO St AT HERE , XS (A2 GDP) >X1> (B ik
FE) X8 (N H B ) >X3 (LR FHRREE ) >XT (BEAE ) X6 (55 7l 5 th) >X2 (AESR ) >X4 (AEHFEK
i), Hi XS A X1 1 g (EEE R TR IR S 7, X ui B A E GDP A IE AR BETE ESV (178 fbad
BAET FEIRSEM, BLAh, RIS Rl A L F SRR 3R A S4B IR X ESV BRI K,

x8 MIBERNFRMER

Table 8 Geodetector detection results

1 1 Bl . - . Bk T y .
» Ty S R 11T S N e AV SNT
R . Average . The proportion L .

Terrain Degree of ~ Annual average  Per capita Urbanization Population
Detector factor . annual . of the secondary .
undulation land use precipitation GDP . rate density
temperature industry
q 0.5161 0.3875 0.4580 0.2708 0.7095 0.4002 0.4184 0.4873
P 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AR, — 71, AN¥) GDP N LB R ¢ (YR AR I HEF th B w g, R S 40 R R
M ESV A FEIR SR 2, HaX— 25 R 5 BUA TR 5E K AR —300> ) [RIEE, i fh s e =il o B A BTk 43
SR 0.4184 F1 0.4002 , 13X 51 25 X 38U 7 A AN Tl Ak X6 A 285 28 G0 4 40 SO0 340 R0 i 1 st 2 7= A T R
T, RS 788 Ak R L E e e G b R B TR B A A3 A R R A S R G R AT RN R
WHER ), TSR B A - bR PR B 9 SR 43 1A 0.5161 1 0.4580 , 15 B - Hbu 1] FH 235 440 114 725 Ak 2 41 [X 35
ESV SVEE AR, AR, SRR X ESV 224K A TTRREE 7318 0.3875,0.2708 , A A8 fk . 2 5 1)
EERGRS ke,
2,52 AZKiEZhRIE (HAT) 532 B AR A

Bl 7 A ERARRE LS 2T R AR S A W 2 R e TR K R IR R VTS Y R SRS
YR 5 R AR R &, Nt A SR RE AL sz i il 4 BR B2 L A . R TSR R
TG ShHR AR ESV MUIRBI R FE 22— H 5 ESV 225 ] AR Ry itk — 25 %5 58 AT sl i 5 2 15 5 Hofth
HZEXF ESV P2 A& s i A 3G NDVI(HE R S5 2R ) BT s FE b 28 ==l 5 b N 4k
T .GDP 5 F 6 5200 K 76 N 38 hRIA 2 | SR ] TOPSIS AL %t 8 b5 4T 4% Wi AL I WA AS: 3] 2013—2023
ARSI Bl B AR AL, I AT 28 BRI 43 #T

X 6 AIFFEIX 13 AT 4R RN 2306 sl B sh A28 4k il L& B0, B [RI4E B R A, A3k HAT (B K4k
B E TSR HAE 2013—2017 4R R T T I, 2017—2023 4R35 8 FIH WS4 ok & db et R e
LS TRTE RS RE ( H IX N ST S5 T AL, IF ELAE 2023 4E 40 Bk B4 (E 0.7466 F10.6801 , Hftsduk v i A&
T Bl A R R (AR AT — Slnf 7 78 S AT (7 2 B 45 v 1 NG Bhi b AN 2021 4F B LTl HAT {5
4 0.3523,2023 4FJEEY5 T HAL{E R 0.3646, SMART , A6 50 AR Ee i 4 b B AL 7 i S22 5 bty 5|
TREMN T FRET , BEE ST LR b, S b i 5 AR i f sk e sh 7 A Z80E shrd s,

L HBEMEE R L 4 T X058 X ESV 1R 2 IR T35 AR e M | R st s X ESV AT
Z 4IRS TR E T TR 2532 BRI T & msg i, Hob X1 (B R AR ) 5 X2 (AFAR) XT (b
FEARRE) 5 X3 (LA TR X2(4FRR) 5 X3 (LU FHRE) X3 (LA R ) 5 X9( A2 5
SR ) O TR S AR L IR, X3 (MR AR ) 5 X4 (ARIIREOK ) 938 BRI AR Bk, — T, AR
BRGRE—NEIRNA VUM LSRG YRS | 35 ARIRSFEZ A H S, AT AR AH AR
FH, 3R R B 25 M A 25 3R 8 A TS 1 45 R R L R, 2 7 5% Wi A 285 R e I R e P R IR 55 1L, T AR 248 /K
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Fig.6 Analysis of the driving factors of ecosystem service value
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JR 55 M (B AR, 38 R s () B85 a4 TS OB S5 S BB Y, X — IR AR A 2 FR e R 55 I (B0 £ AR b v
Juohge AT SCAT AR 25 R G IR S5 (e 40 2k S B 2013—2015 4F ESV #1257 5K . 2015—2017 4 ESV 15
N 2019—2021 4E KR AL ESV #i45 M1F 2021—2023 4F ESV $i 25 V-2 iy 24550 s AE] 30 T ESV %6
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i), A 5 -5 BUA AR DGR 58 BCRAR e, IR AR B 0K sh Xt ESV RS I, 1 2 R FHAC LI 2% 7 vk | RS
TN 4T A TS 6 A B R AR B ARS8 - R RR B | NI sl ik B S5 A N Y 22 R 0K 3 PR - 3 [

http ; //www.ecologica.cn



16 S 46 1

YEHBS X ESV 25 8] b )52

SR, AR AAEAE—E W R B PE , — 258 S BRI T U 1% Wl s w77 BB TG 125 5 4 S R RE A it
P IX RS R GRS MEARATT O . FEAEUE AR (T ) Ot i RUBE S BIFE 50T, O] Uit 5t
THETAL b X300 A 094 [ S (LS RO o b R TR M X AR S R GRS I, iR A B R A T, FE TN
FE ARG I, BEA S BRI v BB AT T 25 A ST AP e —E AR e, R R ik EEETHA
AR ZS RGNS IME DA AR AL, T BE TC 1k 78 4 2 T A4 28 R G MR S5 22 IRV AE A4 P 56 2 A& 2= (1 AH
YER . A58 0T DLt — DA AE R R GRS I E VAR AL | ISR B pE o 25 R A e MR T 520 AR AR
o7 FAR A S BRI S C AR AR A o [T 25 R 3] DX R 1 26 W B A% A BRI e 4, DA 5 A
RGBS M (AR R %) X B3 17 1 N BCSRAR Se , eah | 002058 A 25 = iR P A W A8 R 43288 o 5 3
5T X SCEE AR AT RE M S B e A Tl . RIS, R SOR R BIFGE Y AR AR, SR FH 0 S8 Ay M D0 AR A A
I P 150 53 B 3 o S A ol 2 ) 2400, DA 4 T b DA s e B b DX AR AR R e IR S5 I B A AR 4k, IR R L P A&
WM 25 -5 | 1) 1) 25 AF 56 25 37 M S B R e S s IX 2B 28 R G0 IR S5 (LA 25 AR AR AE . — R AR 98 X R S
XA R GRS B SR 3h PR R F 5T R BR300 AL SRR EE 2R AR I o] DA iE— B T AR Rl AR 2
RGN 25 R GRS I B ELAR TR, LA S SRR A% A 25 R G IR 55 (8 i K 315

S % 3k ( References) :

[ 1] Kareiva P, Wennergren U. Connecting landscape patterns to ecosystem and population processes. Nature, 1995, 373(6512) ; 299-302.

[ 2] Lindenmayer D B, Franklin J F.Managing stand structure as part of ecologically sustainable forest management in Australian Mountain Ash Forests.
Conservation Biology ,2020,11(5) :1053-1068.

[3] A8, frubak, AT R/, 3B, MBFIHT, Z0EE. 2003—2020 45 Hb [# i A= 245 R G0 B ERA R R34, s B2, 2025, 80
(7): 1901-1919.

(47 SRI, S0, o =5 5m. A% o 0 X AR B AR 77 14 5 ) R G AR T PIL thl——3ife 10 ok b i % 1 98 39 S5 TR ROE. AR 344k, 2025, 45(7) .
3169-3182.

[5] ZhangZP, XiaF Q, Yang D G, Huo ] W, Wang G L, Chen H X. Spatiotemporal characteristics in ecosystem service value and its interaction with
human activities in Xinjiang, China. Ecological Indicators, 2020, 110; 105826.

[ 6] k%, XU, T, BEak, 25MiE, &80T, 2T PLUS-InVEST #5244 rh [ 245 5 - 1R FIAS R 30 8% Hoxt 4 28 R G0 IIR 45 T RE R 5%
W, A AS2EAR, 2025 1-17. (2025-07-11). hitps://link.cnki.net/doi/10.20103/].stxb.202501180162.

[ 7] BREHE, P52, ARFH. 25 50 TR TTRE L A AR (b X Az 25 28 G0 M 5500 (8 A0 5% i —— DL KBRSk T 3 g 481, 26 Bk b3, 2020, 40
(1): 93-102.

[ 8] Kim I, Arnhold S. Mapping environmental land use conflict potentials and ecosystem services in agricultural watersheds. Science of the Total
Environment, 2018, 630, 827-838.

[ 9] Talukdar S, Singha P, Mahato S, Praveen B, Rahman A. Dynamics of ecosystem services ( ESs) in response to land use land cover ( LU/LC)
changes in the lower Gangetic plain of India. Ecological Indicators, 2020, 112; 106121.

[10] King R T. Wildlife and Man. NY Conservationist, 1966,20(6) :8-11.

[11] Helliwell D R. Valuation of wildlife resources. Regional Studies, 1969, 3(1) . 41-47.

[12] Ehrlich P R, Ehrlich A H. Extinction: the causes and consequences of the disappearance of species. New York : Random House, 1981.

[13] Haines-Young R, Potschin M. The links between biodiversity, ecosystem services and human well-being//Ecosystem Ecology. Cambridge, UK:
Cambridge University Press, 2010: 110-139.

[14] Goldstein J H, Caldarone G, Duarte T K, Ennaanay D, Hannahs N, Mendoza G, Polasky S, Wolny S, Daily G C. Integrating ecosystem-service
tradeoffs into land-use decisions. Proceedings of the National Academy of Sciences of the United States of America, 2012, 109(19) : 7565-7570.

[15] Costanza R, d’Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’ Neill R V, Paruelo J, Raskin R G, Sutton P, van
den Belt M. The value of the world’ s ecosystem services and natural capital. Ecological Economics, 1998, 25(1) . 3-15.

[16] Cairns Jr J. Protecting the delivery of ecosystem services. Ecosystem Health, 1997, 3(3) . 185-194.

[17] BRBIREZ, R, B, ARG Urhe S A S LB BT BOHAE S 4, 1999, 10(5) @ 635-640.

[18] de Groot R S, Wilson M A, Boumans R M J. A typology for the classification, description and valuation of ecosystem functions, goods and services.

Ecological Economics, 2002, 41(3) : 393-408.

http ; //www.ecologica.cn



1 XUPRSC 55 ST UG AR B 2SR BU BT b X A 25 R GEMRSS (B 23 AR R IR sl R R 17

[19] Jackson R B, Burd S D. Systems analysis and design in a changing world. Cengage learning, 2015.

[20] Grimmond S, Bouchet V, Molina L. T, Baklanov A, Tan J G, Schliinzen K H, Mills G, Golding B, Masson V, Ren C, Voogt J, Miao S G, Lean
H, Heusinkveld B, Hovespyan A, Teruggi G, Parrish P, Joe P. Integrated urban hydrometeorological, climate and environmental services:
Concept, methodology and key messages. Urban Climate, 2020, 33; 100623.

[21] e, BFE, Rk, BB, 000 F M EESTE W EA. ARR =R, 2003, 18(2) : 189-196.

[22] Sutton P C, Anderson S J, Costanza R, Kubiszewski I. The ecological economics of land degradation: Impacts on ecosystem service values.
Ecological Economics, 2016, 129; 182-192.

[23] Schild J EM, Vermaat J E, de Groot R S, Quatrini S, van Bodegom P M. A global meta-analysis on the monetary valuation of dryland ecosystem
services: The role of socio-economic, environmental and methodological indicators. Ecosystem Services, 2018, 32; 78-89.

[24] Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson S J, Kubiszewski I, Farber S, Turner R K. Changes in the global value of ecosystem
services. Global Environmental Change, 2014, 26 152-158.

[25] Blanusa T, Garratt M, Cathcart-James M, Hunt L, Cameron R W F. Urban hedges: a review of plant species and cultivars for ecosystem service
delivery in north-west Europe. Urban Forestry & Urban Greening, 2019, 44; 126391.

[26] BREETH, B, IET meta 44T 0 P EZRMA: B R GRS M EIEAS. A2 8254), 2021, 41(14) ; 5533-5545.

[27] Xu X B, Jiang B, Tan Y, Costanza R, Yang G S. Lake-wetland ecosystem services modeling and valuation: Progress, gaps and future directions.
Fcosystem Services, 2018, 33; 19-28.

(28]  XUfEM:, BH AR, BIARaR i S B MRS R R A 28 R 55 5 AR HE Y E R TR, ROk, 2019, 36(2) : 573-593.

[29] Aznar-Sanchez J A, Velasco-Muiioz J F, Belmonte-Urefia L J, Manzano-Agugliaro F. The worldwide research trends on water ecosystem services.
Ecological Indicators, 2019, 99; 310-323.

[30] Jafsan, Weacrh, &, BEM, ARG, WPEE S RGBTS0 3R e A —F TSkt R 9T, AR 2R, 2022, 42(9) :
3878-3887.

[31] Hh&dy, XIJ7iE, sk, kg, mEE, Iﬁ% E RO A 5 RGO 55 I (EPPAG B I 0 e . BRBERLEI5T , 2019, 32(9) : 1475-1482.

[32] 2. ABRGEMS I SN EPEITIE R, A5, 2015, 31(8) : 27-33.

[33] BRARZ, BhbkAs. B RGMSS M EITAL 'ﬁ;&ﬂmﬂﬂﬁ}mé} PO B S XR, 2023, 44(1) : 84-94.

[34] XUBHE. 4B RGMS DRI T REAZSFSE. A4, 2018, 38(4) ; 1487-1499.

[35] MR, sRdRZE ) RSCR, WREES, —K, 250, hE R AR S R GRS R e I hERE . D . HhERELE 2004, 34(4) .
375-384.

[36] B, CMET, #HHEK, aEMe, WhallE, BURM, X080, BAEDL, HIRFE, k2. ST U0l A AR ST BUN A TS R GRS E AL
ik, HWiER(E BRLFEH, 2024, 26(7) « 1763-1778.

[37] e, KEE, KEW, 4E, @FE DEESREMSWNE. FIERAE, 2015, 37(9) : 1740-1746.

[38] falih, WML, JRSCR, XEH, Tk, RETS. D ERHES RS MENE. N A%, 2005, 16(6) @ 1122-1127.

[39] K%, Bk, fHofe, X, SoCR. TRl AR (L XHE b i A S R GRS A MM, 25540, 2023, 43(15) : 6194-6202.

[40] B, REJT R, NUIRSC, ZR4R%F. A ARTA BB X [ 5% T K DX 3 A 25 R 88 Ak 1y 52 SR XA B ARSI, 2025 1-
15. (2025-09-02). hitps://link.cnki.net/doi/10.20103/].stxb.202502150303.

[41] Estoque R C, Myint S W, Wang C Y, Ishtiaque A, Aung T T, Emerton L, Ooba M, Hijioka Y, Mon M S, Wang Z, Fan C. Assessing
environmental impacts and change in Myanmar’ s mangrove ecosystem service value due to deforestation (2000—2014). Global Change Biology,
2018, 24(11) ; 5391-5410.

[42] Estoque R C, Murayama Y. Landscape pattern and ecosystem service value changes: Implications for environmental sustainability planning for the
rapidly urbanizing summer capital of the Philippines. Landscape and Urban Planning, 2013, 116; 60-72.

[43] RoyS K, Alam M T, Mojumder P, Mondal I, Al Kafy A, Dutta M, Ferdous M N, Al Mamun M A, Mahtab S B. Dynamic assessment and
prediction of land use alterations influence on ecosystem service value: a pathway to environmental sustainability. Environmental and Sustainability
Indicators, 2024, 21 100319.

[44] XK, B5], B0k, Bimsm, XIS, AR, BT UG REBOR I A 28 R GRS 5 28T 3l B2 DG 23— LA foe i 1) B i i S
AERFE X . AEZS 2R, 2022, 42(13) ; 5200-5210.

[45] ZEAMK, WHKE, SAKT, 225, N, RKILAUH AR SR B 54 8 R G IS5 I (B I 28 SRR AE 43 B7 . KL B 58 U8 5 o1 45
2024, 33(9) ; 1992-2003.

[46] Song W, Deng X Z. Effects of urbanization-induced cultivated land loss on ecosystem services in the North China Plain. Energies, 2015, 8(6) :
5678-5693.

[47] XE4e, ZeMhig, RME, Shord, SRR, sty s KA A 2 2 52 i . A= 25243 , 2018, 38(5) : 1650-1660.

http ; //www.ecologica.cn



18 EoOE O ¢ 46 1

[48] ATJal%4, X/INF, VPBERE, Phiin, XbRIG, R, B3], 35T FLUS-InVEST BRI (14 503 240 5t R FH 28 ARAS0L O A 8 R G i
S IIREM M. AL, 2023, 43(11) ; 4473-4487.

[49] ThikiE, ﬁ?i&, ZERUR. He T A AS- 20 DY AU A 5 PR BTIRTITRE -+ 1 A AR AL IO . b BBk, 2019, 38(1) : 26-37.

[50] ZEmfil, U, sk, RBu. Jeati RS R KA SIS M E VRO 5 A S AMEPLRIRIT. hEIFREEAEE, 2019, 11(5) : 94-99, 106.

[51] ZaiifiE FK% R, pURFLURR R R R SRS AME R AR, TR BIRSHEE, 2017, 31(8) : 50-55.

[52] 87 R, XILIE , SIS0, 28R UK, ST o [ 20 e 400 -t R P bt BT SRR W I BB 4R ( CNLUCC) . o IR 2 Bt LR 2 5 U
WFFE AR BAEFEMS AR R S8 (http ;. //www.resde.en/DOI) ,2018. DOI; 10.12078/2018070201.

(53] Wesih, skRR, skEM], BRSO, Zdo36. BT A Anm AR (E 2 4 R 7 i AR S R GRS I EAL Jr s ol A AR RIRZA3R, 2015, 30(8)
1243-1254.

[54] BRRAL, ZRE. PEAES KRGS RN (23 [2E A2 b, JEatRes24i. BRI, 2019, 55(5) : 951-960.

[55] RER, sk, BEZE, EWJe, SACA. B/ BH W 2R W1 XA 25 2R G0 IR S5 A0 (1 B 2 28 Ak B A Bh [R) 06 2. S BRRL2, 2022, 42(7) :
1229-1238.

[56] HfEWI, sk, #Hm. o B R AR BE 5 N 0 A TR 5 R B AH OGHE. 35 MOk dk & B2 224l 2011, 51(1): 146-
151, 160.

[57] WHL, Frfbig, fUORHL VTHEA S 0% X LA AR R I AE S R SR A5 (R AL, RV IR BT IR S 3088, 2020, 29(11) : 2450-2461.

(58] iy, BRORAR, BB, WH. SUHSUBIX AR R G MRS 2B A S RS R A28, 2020, 40(15) : 5151-5167.

[59] Msofe N K, Sheng L X, Li Z X, Lyimo J. Impact of land use/cover change on ecosystem service values in the kilombero valley floodplain,
southeastern Tanzania. Forests, 2020, 11(1): 109

[60] SuK, Wei D Z, Lin W X. Evaluation of ecosystem services value and its implications for policy making in China: A case study of Fujian Province.
Ecological Indicators, 2020, 108. 105752.

[61] Rukundo E, Liu S L, Dong Y H, Rutebuka E, Asamoah E F, Xu J] W, Wu X. Spatio-temporal dynamics of critical ecosystem services in response
to agricultural expansion in Rwanda, East Africa. Ecological Indicators, 2018, 89. 696-705.

[62] ®, BT, B0, &, W LSRG M5 AN S 28 ST —— LA T A BRI R X R . op PR AR A7,
2018, 38(9): 3531-3541.

[63] Z:AiUl, FHpdk, AR, M3, DEE, HEIC. 5F GEE 1Y 1998—2018 45 H3T + Mo f| AR (b X A4: 8 R G MR 55 M (B I 52 . BR8 R}
°#, 2019, 40( 12) : 5473-5483.

[64] Bedefl, Ale, PRt , SRS, BN, sUEFRT R ML 5 A S BT AR B R GRS M B R RE . 7K ZARAFDFST, 2023, 30(4) :
404-411.

http ; //www.ecologica.cn



