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agglomeration, to explore the evolution of their coupling coordination relationship, and to provide a
reference for regional ecological conservation and coordinated improvement of human well-being.
[Method] Taking the Northern Three Counties of Langfang (Sanhe City, Dachang Hui Autonomous
County, and Xianghe County) as a case study, and based on multi-source data on land use, meteorology, soil,
and socioeconomic conditions from 1999 to 2023, this study assessed ecosystem services including water
yield, soil conservation, carbon storage, water purification, and habitat quality using the InVEST model. The
shadow engineering method, replacement cost method, and market value method were then integrated to
estimate ecosystem service value. A multidimensional evaluation index system for residents’ well-being was
constructed, with indicator weights determined by the entropy weight method. The coupling coordination
degree model was used to characterize the coordinated evolution of the two systems, and correlations
between ESV components and well-being dimensions were further analyzed at the overall scale.
[Result] (1) From 1999 to 2023, total ESV in the Northern Three Counties of Langfang showed a
fluctuating upward trend, increasing from 8.813 to 33.221 billion yuan. (2) The composite well-being index
rose from 0.357 to 0.697, with a temporary decline around 2011 and a faster rise after 2015. (3) The
coupling degree (C) ranged from 0.484 to 0.997 and the coupling coordination degree (D) ranged from 0.303
to 0.897, indicating an overall transition from mild maladjustment toward coordination, while exhibiting
phase-specific fluctuations during the period of accelerated urbanization. Clear county-level gradients were
observed: in 2023, Sanhe City had a markedly higher D than Xianghe County and Dachang Hui
Autonomous County, and Xianghe County showed a mismatch in the later period characterized by declining
ESV alongside rising well-being. (4) Dimension-specific associations showed that carbon sequestration,
water purification, and habitat quality were significantly positively correlated with the “basic material needs”
dimension, whereas correlations with “health and safety” were weak or negative; the “good social relations”
dimension was more strongly correlated with habitat quality and water purification. [Conclusion] Overall,
ecosystem services and residents’ well-being in the Northern Three Counties of Langfang improved in
coordination, but with stage-dependent fluctuations and county-level differentiation. Collaborative
governance in urbanization receiving zones should adopt place-based strategies: stabilizing the supply of key
ecosystem services while strengthening public services and risk-governance capacity, so as to promote
synergies between ecological conservation and livelihood improvement.

Key words: ecosystem service value; residents’ well-being; coupling coordination degree; InVEST model
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Tab. 1 Index system and weight of residents’ well-being
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Tab. 2 Classification criteria of coupling degree of ecosystem services and human well-being
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Tab. 3 Classification criteria of coupling coordination degree of ecosystem services and human well-being
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02<D < 0.4 PN —MNTFRGERIKIE, 5— T REFENE
04<D <06 i B R PIT R G A S Hp i
06<D <038 Mgk A PIT RS I8RO R i
0.8<D<1 LS Q7INTH Wi RGi A Be K e Yo
D=1 KA i P T RGILAREE, SEILPM AR

fEE, 1999 £ L = B ESV B{K UK. HE AT, &
1B X 73 A AH X SR H, o AR T KR AR A o
ELE R X 3k o 2011 4225 R GEIR 55018 2 0] 4% )=
RAE B RARA, EE DX B B R, SR X 2
ETRAFAE, R Z M Bt P 7K IR 45 A L 3 R AR 55
DhRERIIE5E . 2 2023 4F, A X AR Js ik — 2 1
HE, TEH I XS AR AR X R, H B AR 2 () 7 S PR
T, RWAER RE M U4 Re IEAF X 82
] LA AL o

MRS KBRS, &40 ESV $BLL P KRS
MAEIERFERSS N E, P & DTk R KR FRTE
80% LA b5 [l Bk 7K 5 451 R AR 35 ol ot AR 55 A0 5 Eb
BAR, (HTEA R AE A 78 23— 2 W8l . 2011 4

ESV ik 2| = {8 & ZARILAE 7= K R 25 A L AR FE iR
S [\ 16 00, 17 2011—2019 4E ESV T R B %
A IR PR SRR S5 AN E 3L [F] 1B
22 BREWKERFZHSEESE
1999—2023 4, 4t = & & RAa Ak 2% & fe Hoa ik
£ EFHEH R 20, BRI BRI A2 R
Horb, 1999—2011 Fdb = B R RARALZE A 1R L2 W
R BEAS, Hrb 1999—2003 4 /Mg _E T, 2003—
2007 £E WS AT [B]9% , 2007—2011 4E 3 — 25 0 & K [%,
HT 2011 FIE B BEMEARAE DA 555 2011 SR LLS, &
FOARHEZR A TR EE TR B B B AR . 31X —$9 s S
TARB XA IE S N D5 @RISR Adk
R 25 k25 55 76 B RE I AR 0 fa  ARAEES M sl Il

x4 EFRERSNESTRE

Tab. 4 Breakdown and total value of ecosystem services fe.ot

¥ekr 19994F 20034 20074F 20114 20154 20194 20234
FERIME 44.491 133.002 151.510 266.238 155.145 133.006 188.574
T RFFNMAE 41.777 77.233 94.580 131.945 96.675 89.483 141.100
NI 1.445 1.433 1.557 1.781 1.747 1.828 1.920
A B AN 0.323 0.313 0.311 0.357 0.400 0.436 0.483
KB AN A 0.096 0.095 0.106 0.117 0.121 0.129 0.136
MA 88.133 212.076 248.062 400.437 254.088 224.881 332213
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#

¥k

1 2011

= 29539 peL - —. 473495067 = asom2 t& R
K. -10.765 e o s );,_Lg:;i g -11458 0 ‘
0255 10km 0255 10km ’ 0255 10km
BE1 1999, 2011 #2023 FFA A RGM S IME(ESV) ZE (8] 43 A
Fig. 1 Spatial distribution of ecosystem service value(ESV) in 1999, 2011 and 2023
1.0 giﬁﬁ*k ’iéﬁwig 22 R RYE L PN LK, 2015 45 RIESR T I
08| g h TR YE R KT . Bk b, B AR LR T 36 AE & e
06 e [0 BRBh, 2011 4 5 J5 45 4 15 5 8 % 0 ] BRI T
%04} HE G2 R REEYE I B RS, 1 2015 4R
02l % Y FE LR R HERN R A A A DR T
of o N T 23 BAMEERFRTSXDLS
1999 2003 2007 E2({2\1 2015 2019 2023 1999—2023 4, It = BAS ARG EMHEE FE

B2 Je=8E R e S (HWBO R 72 fE
Fig. 2 Tmporal variation of human well-being indices (HWB) in the

northern three counties

B TR JE, 18 8 A A8 A E F A N R BN [0 95 1 JE 26
BTt

oy UEFE G R R, &Y R AR AL 1 T
BRAELE B B 22 e S5 I P AR AL (1 20 ZEARY) R 75 5K
YERE R T BN e, R AL LT 3 8
SCHE RS 2 A YR BRI IR, 2011 SRR S AR
e, ISR A AR AL 0 B B 1B] 9 5 A e R 2 4
YR RMOR S HOE YRR AR R R REE T, 2015
S B bR, 2019—2023 4EHEIE oA W] & BT

FOAR AL 2 0] AR o AR S ik 3l B 3, A
MrB R (R 5). 1999 A AT H B B
Ut B PR 2 G 8] (1) B P RS AR FE R 55 s 2003 ARG 2
PUESE T I N IKEREA B B 2007 SRR G O8 R
R, BB ARG . IS, 2011 SFERRETE
7% 2 KRR A, R R G FE R0 B
FIrUR g5 . 3X— B Beitk By 5 s RARHE KRR R
R ok AW JE AR AL 25 & 15 20 S, B 2007 4F 1)
0.358 %2 2011 £ 0.262(F£ 5), 1 ESV 4T B
PERDL, R T RGAEZMN BB “ES KRGS
TR AN 1 | T 0 2= - N7 2 (2 (1 U
BCARSE . 2015 4F LU #8-& FE FE IR B T Hf 4ERFLE =K
R AIRAS, 2019 45 2023 4535 3K B A 55 98 16 A

£ 5 1999—2023 £ ESV-HWB 3B &
Tab. 5 Coupling coordination between ESV and HWB from 1999 to 2023
Ffy ESVEMEMZTE  HWBLEAIRENS)  ESVEAETRENS) BAEO A B B WEWERD iR
1999 88.133 0.357 0.024 0.484 P B 0.303 B
2003 212.076 0.398 0.154 0.896 HhoKER S 0.497 SR
2007 248.062 0.358 0.307 0.997 mK PG 0.576 SR
2011 400.437 0.262 0.685 0.895 HhokER S 0.651 HI
2015 254.088 0.413 0.570 0.987 mK PG 0.696 HI A
2019 224.881 0.503 0.649 0.992 mK PG 0.756 HI A
2023 332.213 0.697 0.930 0.990 S S 0.897 g i
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PN

ARG W FE S BT AR o U R AR R
TR, FHAE TR KT, B SRR T T S
R O o 1999 AR PR FE AL TR TR A : 2003—
2007 FHEF 2 fhaE P ZKF; 20072011 F R GiH
LR B 5y, #E BEA P IElE, T RG M UL R
W RAEFE IR, H2AESRERES M EIEEOK
M3, #E G WA B IR Rr ST M A3 (3R 5),
B P [ KT 7E SRAE L AR B N A7 A A AN R s
2011—2019 4 i3k — 28 HE N W) 2 P R IF 457 25 2035
2023 SFREA YA IS B g PR . Sk, A
BRAMS M ERT S JE RABHI SCEET A 2
P [FI SRS, AH B Bt 3 3 3% B = FH A7 E A TR
R IERITETE .
24 BEEHREASESERENMESEREUNER
L HF1E

= KT REHRES®&MBEEEE RS
MR ANME B RABHEZE A TR R RS RGBS E
HERAEIREHIRAKE FAEHEZER. K6
JCECT 1999, 2011 55 2023 2L = H & H ESV &
e &5 RAEAEEE SO 535 V(DO
iR

M ESV &itHE, =H Bk EHKASH, HER
WA 1999 4F = 1T ESV N 47.248 {¢.70, &
R 30.063 1470, K HRE H iR E A 10.821 14
JG: 2011 £ 23 5T & 196.361 1276+ 152.163 12 761
51.915 12,76 . 2011—2023 £ =il 17 ESV 4k & 4k £F
LT A 198.662 1275, A £ H 152.163 {4 7T
b 22 84.160 147T, K IR HIR B/ g e 2 49.392
AT ) A T W = N o R = Y T ANy N R
R E IR BRI IR R (R 6).

JERAEA G AR BE =B R ETHEaY, HiR
T EFEZEN. 1999 F K HEHEE S1 N

0.265, W& = T 7 ] B (0.229) 5 =31 117 (0.203); %]
2011 4E =y i FH & 0.271, K BjE E G 85 &
B0 5104 0.246 F10.220; 2023 4F =] 1715 5] 0.704,
B = T & B 0.516) 5 KT |k H ik £ (0.512)
(£ 6), JFHIZEER K.

G I R R T ) A R v, [ IR
1 ELBRARE . 1999 4 =i T #% & VA N 0.469, &
WEN 0431, KT EE B G E N 0.346; 2011 444y
5128 0.720, 0.640 F1 0.504; 2023 F i — i T+ &
0.916. 0.684 1 0.597(F 6). SAEKE, =W (K
F3e sk, Fi BEE S RAMSHA T
Fesemm, Phiierttage, K HgkE A6 2 NR 85
W E B AR KA R . = B2 RRH, b=
LA 2 TH 1) R S R AL R 7R B8R R kg =)
N TR
2.5 S ESV 54%#EERBUHEXES T

NZEAERS RS MES B RARHETEAS [F 4E
& KRR R, AR FEAERE T X AR R (L= 5D
XSRS R GRS 5 AN R 4 B R RAR AL 4R
BT A ME T (E 7o B, 3B AR5, [
W KL S AESR & S NMEBRGIRS M E 5
T, B i RARAL 2y AR 77 R RS 224 3
BE RIS KR 4 ANEEIREL 1HE 1999—2023
SERFRPRE R RIBMH R R (=7 B TFHAR
AR, 258 TRk it RBAFAE, HAE R G 2Tt
(RN FEUESE, AR R R AT .

x 7GR ER, AR E. KRS B RSS5
e “BEARY PR R 4R R EIEARP<
0.0D); “l@fEs 24" (N AR SR BE ML
(P<0.05), 5HRSTMHIER I BEA RS “R
ek R 5AEEREEZEMKP<0.0D), 5K
R AMEAFE D PR R (P < 0.10) . BAKTTE,
ANFEAEZS RGR S5 TS AR AL & 4L FE (1) S BRAR FEAF

x6 HRXZFEEBXBEMIER

Tab. 6 Key indicators in selected years for each county in the study area

B A4 ESV/1ZTt & RARAEFEECS) FEE TR (D)

1999 47.248 0.203 0.469

il 2011 196.361 0.271 0.720

2023 198.662 0.704 0.916

1999 10.821 0.265 0.346

o 2011 51.915 0.246 0.504
KA TR B

2023 49.392 0.512 0.597

1999 30.063 0.229 0.431

) 2011 152.163 0.220 0.640

i &
2023 84.160 0.516 0.684
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Tab. 7 Correlations between ESV components and well-being dimensions in the study area

S IRESV BAYIT R TR 224 HH RUFH 2R

FEKAE 0.310 0.299 ~0.642 -0.093

I AN B 0.910%** —0.472 —0.586 0.636

T IR INE 0.606 -0.032 —0.487 0.258

IK BN B 0.961%** -0.577 -0.491 0.746*

AR AN A 0.985%** —0.757%* -0.303 0.887++*
e # e RIRIRIEP < 0104 P <0.05, P<0.0UKF LRFEHK. FFAEn=7.
EWR 7 5, IR AR RG RS X EHL R E R B A BRI 5K L ORFR DI REAE XS AR S R G b A 5
PR AURRIE: — 7T, ARG RSB EYRAE GEEHALR B R E S — 8 MR, R K

TSR A AR R S (R W (R PE AR Sy — T, i
FR 5 2 A 4 BEI I P B B 2 AR RS e N 4R
REXNRRESZHRILFEEM, 5ESRGRS
A — B SS -

HL IR [0k bl 285 SRR B AL 1A B B IF A S 5
FEA (R 6. i, FFEAE 2011—2023 4 H AR
B RAMES AL B AR ALk SR THI I 5, R
EPENHERE 5 A LRF SEEIHFATHRE ST, 28
PSR ) AT REXT BRI BT T Lo X T S, A2
RGNS e ¥ A HARAEIR T SE P B, A S
ST KT P R e

JoT AR AR 555 5T B IR 25 4B o LU LA, EL AR A X
b R 5 R R R R N SIS Bl i AR B R s
M, O I A A e R AR S R GRS A R ) 2
FALFEA o AL GE SAE T T At PR I A
X E AR IR HRIE, R SRR A S
RGNRSS MBI B2 B A — e ik 1 o
32 BREMAFRABERESXEEARNXR
1999—2023 4, Jb =& J& AR AL 25 & R B 4
SRR TS, (BN E i BOFIAS [F) 24 FE (1 42 T
FERAERR R 22 7o X — B 2 e 7 X dl A 2
U KRB LERBARLY 5KoNE, BP
) 2 3 Il 55 o3 R0 A 2 0% Bt A 2R 56 35 B A 1 o

3wk HAER,

31 KSBESRGERSNETHONEISER IR 4 B, BF 5300 390 A AT B 3

HEE 3, T I e T AR 2 W B B 0 2
19992023 4F, b= BABRGME M KCTFERT R L G5 5 i, J2 RARAE 2 4 6

£ BT &S, BB A FB B HASLE A
SRS RBIAEIE B R KR Bt AR AR B
BLBEN, T2 5 XIS B AR . 3R] P 5 4 1
LR T A B IR SR

FEREFEAII, AE = SIS AR, Bt
A FH H 5 P e, R 2 R B R B o R
B B A A A s LS O s RO R T
FE—ERE R B3GR T X 7 KR AR5 D g, M
LB RGNS O E L DRI KB, BEE M
TR FR B e, 0P ML 5K Z R o A

BENARX PR BT B 2015 SR DL, BEE A 3R
BN IR 2260 BLRE T 3R T, & RO AL 2
FEWTRANAR . Mo 4S5 R, BEAY) ot 5 R 4E S
FEREANHIT T N R 820, R IRAR AL 3R T AR 58
Feni; #A N R AL SO0 RYEFEAE S IR T ON B
F, RYVBE RIRBEL AL 248 F R R SO 5 IR
RRAL (32 R T kAN W 48 5 g e 15 22 4 2 L A AN )
FAR AL B3N, FTRES Gt DR IR %, Bl st
RS DA IR BT K.

BRI E, AT AL =5 8 RAR AL ST 32 %

T R SRR, ARTRZRT G, PARREM ZHSSFREMALRSHA NSRS, 5 R
TS AORFF R S5 X R P A A A U 5, B GRS BE B il ATy 20 AR AL AR SR
ESV fEHR 7B BLH BRI U, GEAER, BB A SR X ARHERAE SR E LR TS RGIRSE

P EBEEIEIZ L N, XA S R GURSS fa fg
IR —E G %, ESV FR EHLEFAHT,

55 JiE RARALAEAS R BT BOR BE DR 15 58 22 [F) 20 Ji it X 3
RPN K AR TLAE 4E PR O BOR AR B, A

MRS5S KBRS, PR IR S A IR R PSS [RIZES R GUAR 55 70 IS AR AL %% 4 J5E (R AR S 1k 22 7 )
FERE TN AR 28 L4 1 Az, 2 0KE) ESV BB B, SRR RGNS A AR AL BGE 1R R A 4R
e RBERM , XA E AL =B AL FIRIX . K ERHEGE 7.
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33 ABXRGERENMESEREBEUREXRZNES
HH1E

A PR BE TR B, 1999—2023 4E b = H A=
BARGRFSMEESV) 5 & RAR ik (HWB) 2 [H] 1) 58
HR RBEAR R B R RHIE . #A G C T 0.484 ~
0.997, 3 B 9 & 4t (] ¢ BC PR 5 B Rk s (HAR &
W E D ALAE 0.303 ~ 0.897 2 [A1 9 5, LAk 5
VA W1, R AR E O g R B
Bt BARCRE, W AR XK ESV 5 HWB £
“FHG AL S VMR IRAR” R 25 AR AL T
FAEAE 3, AR R 7K AT) 52 R i e BT 22
5 BB BERE A o 7 IR DT B B, R T Mg
ik 5 N R ST AR R, 28 RGRS
HELE TR B T B 2 40 i 1 82 25 ) 5 4 ik X0 1)
Fral BT IV O, AT 51 AR A P R BE B B
wzij][ﬂ]o

ML &, HWB (142 7+ 58 B 4 52 4 5 3 K
AFEMRS P25 5tk 2 R GE RS, 11 ESV X i
AR Ak ) e LA S RS A ) S Y —
T, Y Tk s RS R S AR S T R R AR,
o0 PRI AT IR R A OB IR 25 0] L b R A AR AL
FONBUK; B — 5, EBEP RN SBE TREEE
EYR AL R Eh 2 5B P WAL, S8 ESV 5
HWB AR IFERIbHERE . B EL R GR 6O
AN, =T JE WP IR R TR AR, i A EAE 2011—
2023 4 H I A A AL 45 TR 9K FE 0 P [R5 T B 2 R
Ut B BT AR R AE B BR o AT 5 P AR o E IR
BT A B G, A BB R 523 (a5 1 1
5 R S5 R TRk, RIS 2 3 AR 55 14 F Hp st
e, AR RS X AEHE S PR 1A Tk &,
BT AE SRS G P R KT SR B Y R IR AR B
ST R R LA DR IR A X (A DS A A
B BRI, 15 B AE i N VGBS TR, B A
RGN SR IR ILSE LA R . 46 48 RIS
BERERGR 6 D, =BEERGMESEE
B AR A P [R]85 B kBl R B
(R4 AAE = 30 EELA 0 383 2B 25 (L 45 5 5 U 8 5 % Bl 1
RITE LR, A E 5 2 8 B4 Ak 5 B [F] 7K
T YERE R E, S RGEMSS TS “FERY
JRAGR” “RUFAE SR SRR BR RV AR X B A,
5“5 224" 45 AR e A e, it
FEAE P 045 R AR A 5 A 25 R ARSI AE(E
BMEANFE, T8I T 8k “E il & - gl
(A RAE o 5 BEAT 22 72 300 1T /00 48 RUBE B B 1
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3.4 FHMEMSTSHARETR
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