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Micro-development pattern identification and adaptive management of towns in

ecologically sensitive areas: a case study of the Baiyangdian region
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Abstract; Towns in ecologically sensitive areas ( ESAs) serve as crucial strategic fulcrums for China’s county-level
development and rural revitalization, yet they also encounter conflicts within the human-environment system, primarily
manifested as a trade-off between development and conservation. In the spatial dimension, towns in ESAs present
remarkable spatial heterogeneity. The macro-control paradigm has become incompatible with the differentiated trends of the
micro-development pattern and the demand for refined governance in towns. In the development dimension, towns
demonstrate diverse spatio-temporal evolution trajectories in their sequential progress. Nevertheless, existing studies or
practices still adhere to the static control measures. Excessive external constraints have constricted the towns’ sustainable
development in ESAs. To address the limitations of the current macro-static governance paradigm, this research develops a
micro-development pattern recognition framework for towns in ESAs and suggests adaptive management and control
strategies. An empirical analysis was conducted in the Baiyangdian region. The main conclusions are as follows: (1) The

geographical variations in the ecosystem service structure of towns in the Baiyangdian region are pronounced. Furthermore,
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The high-value areas of ecosystem services are basically consistent with the pattern of Baiyangdian Wetland, and extend in a
zonal pattern along the river system towards the west; (2) Transportation factors exert a crucial influence on the
development dynamics of towns in the Baiyangdian region. This includes the distribution of the construction extent, which
shows a decreasing trend from the transportation trunk lines to both sides, and the high-probability areas of construction are
in proximity to the transportation trunk lines; (3) The micro-development pattern of towns was identified from the aspects of
construction probability and construction degree. The proportion of advanced construction units is the highest, clustering
around towns and expanding into the hinterland, while the proportion of potential construction units is the lowest, embedded
within towns and wetlands; (4) Rainwater storage and regulation services, water conservation services, and water quality
purification services will face relatively severe threats in the next 30 years, with Xiongzhou Town having the largest
ecological risk patch area, while Santai Town and Xiaoli Town having the fastest expansion rate of ecological risk patches.
Adaptive zoning management and control strategies for towns in the Baiyangdian region are proposed, based on eight types of
micro-development pattern units (further divided by the comprehensive ecosystem service level ). The study can provide a

reference for optimizing the human-land system and related planning decisions in towns in ESAs.

Key Words: ecological sensitive areas; towns; development trend ; adaptive management; Baiyangdian region

CETFIA 40 47k FRIE £ B RIS P TR, — 7, T 3 TR S B RR 2843 4
PR ATTINATE RIRIF NI 5 ALK N DR BRI & b 2 08 RGBT R BIERIEE . 55—
D7 o T A IS ARACR R | S B TC P I & f Rt BE VR PR BT 3 U T I S T R
I, DRI, 1 D EL A R & 4R % A B et S, & B i R 5 | S MV 1 0 R IR R 2 il 5 5 e o i
JEEXLER,

LT AE SR S BRI R SR P G RO S R R VR 26, Fas (Rl | A S U IX & AR I I
A S BES, e R R AU 2 R OC R T B S s ) S S LR A 4 )
KRBT AR F B R Tz B ISR G R BRI SRR R PR T A T R R R TR
FFAE 2 AL R T, X AR S BURIXIN 5, B IS LSRG M S5 1 RGP | 75 B AE T /Ny 2 [RDRLE |-
WU £ BRUR BT A A BOBR A, DI T30 2% () e SR WL Jg v £ 285 UG, ) A% S A T, 24T, 2R 0 5 0L
EERC AN REIE N & PO JEM R oy Sk %, TE R JRAERE , h T N 1 A2 [l /)N | B R B 22 S
KU HR AT 2 BN R WECR ™ S L P A B S5 3 | & B I P U oA 5 AN i
PN SR R A R AR, AR S U X S SR R B 9T S B 2 I R S A A 5T S )
LU B2 X ORISR T . 1 2 MR ] B E S BURIX 2 Y R R A IR A, AR
JEB) g AL T AT JE . SRR BT R R S AR S RO A B R P E R,
BERS WL XA FE R AN TE O AR A UK X & B g JBE S T A SRy, L R 2 MR A A AN TR I & SR 9 T
HEBIANER E P A% o T, iR 5 7 A AU X S BRI — MR ) 52 2 AL R e b A Sl P P L], 7
TEA: SRR 1Y [ I 81 P O Jee s )

L5 LTI AW TS A 25 T RE RIS BRI E 07 T R e A 2 U X & BELROUL R JR A R R B O LA
FEVE 19 A £ BN SSUEIRZOE N2 (A 4R AR, P00 AE S BUR XN R GERNAR LRI DS fR it 2 I

1 ARAESHARRHER

1.1 BT XA

AIF5E 710 B2 T 21T X e B PR 58 PR VE TR ) 19 A S B (B 1), BT A 1118.72 km?®, o 2257 IX T R
63.20% ., FSREAF Ty, Ja W Ry 20 AUPE S0, T b R RS B0 DU AF b KBRS ol 32, o, (s s fedt
DR R IR AT, SRS T A () A ST RE X, (TR ET X R 4 ) 4 e AR S B R

http ; //www.ecologica.cn



2920 JAE = 45 4

M T DX VR Y e S AR T 2D XA L 4 A VR 8, SRR A Ry R b st AR T RE i e 5 4 57l
FramE RS m gk, Pk, i P b BRI 5 R A SC AR | DR M B 3R PR VE & BRI E 22 A A 1 S |
S A HAT EE S S, o H A A RURRIX. S AR s (R A F AT M S B Y

ST

S (%mgé‘\' \ N
{H Eﬁgﬁ_,'v\uwﬁ.x’” ESTT AN
ﬁ%ﬁ A$%WW%Aﬁ § e )
‘| 1 /’*"\ EE g . ‘ﬂigj
t _ ‘ﬁ'#&%ﬁ T j(?j‘%ﬁ 4 %E %.ﬁj%ﬁ v ‘7
/j\ ) ~r * =~ ¢« /[;
NE y// TN E *\W%ﬁ§~
/ gﬁ KREH,— ( Z I W # h,}
ég L\?Miaﬁ' Mg ﬁ%ﬁ [\/ ] zauun
// D T rﬁ\\,g,/' F-3 suwxim
~ M? L ﬁihn%ﬁ & -
z /4N | %; = mzmKmEaix
» %M%i’j%%ﬁ/,h ! [ B o AR
N ) e S %“”ﬁé > [ wescism
NE1 I ‘gw gff
(‘( D mowm wjg&g@g L 5 7
s M e A
S’ s N "\‘
JkrwJ 1 mwg\ L3k
&‘- 'u)

B1 SRR
Fig.1 Study area

1.2 WAk
1.2.1 BRGNS VL

(1) [Tk 55

K H InVEST #5R8)  AEAE B HTAL B iR 55 (CS) A4 b ARy b T AR | 4t SET- A Bl
W) FVURR AR E . TS ES% TR, BARARX T .

c=C, +C,. +C, +C_,

K, C ik (thm™a™) ;C,, ﬁﬂi%%iumﬂawqﬂﬁﬂTﬁﬁihmlaﬂﬂwﬁ%tﬁ
PLBTBR A I (¢ hm™ a™') ;€ 8 TIERRAE T (thm ™ a™') |

(2) A S e R 55

K InVEST $AL i A B8 BT s B PP Al A= B B IR 95 (HQ) o 456 - MBI BIOR A= ) 22 e b PR 3% il A=
PN T B RE SR LS A A A S R RE 1 R AT .

ij_ j[ DZ +K* ]

A, 0, 3R LA B P ARG o AR SRR, JC R AN s H, O 2 T 3R 2B j Y AR 3558 FE 5 D, 36
7 L A HIZE B AR & BTS2 B K K BT 2R 8 Z D BERLERIASHL

(3) KIS IR 55

K H InVEST R 7= /K S BLHOTPA K IR SRR (WC) RS ERE S % TR BRA
Kr .

AET(x)

Y(x)=[1- P(x)

IxP(x)

http ; //www.ecologica.cn



6 1) R A AU S BRI A SRR JR U 5 3 O PR A —— DABR PR B 3 DX B 2921

AET(x)= +PET(x) [1+(PET(x))W}VW
P(x) P(x) P(x)
PET(X) =Kc(x)*XET,(x)
W(x):AW]E((;; 2 125

K, Y () HHIZRAYAE S K & (mm) s AET (o) & B0 0 42 24 SEPRZE B (mm ) 5 P (x) A& ST B 1Y
AEHREK I (mm) s PET (x) HI& AIT « MTETEZE R (mm) s Ke (x) WAEMZETUR REGET, (v) WZ% (fE
Y1) ZE U (mm) ; AWC (x) ALY AT R S 7K B (mm) s W(x) NARRSHEGZ AETSH
(4) HHELRFEMR S5
SR PRV I 30 FH 89 25 7 2 (RUSLE) WA IR FE RS (SC) , BRI B 2% THISEHE ™ BRA
A,
Q=RxKXLSx(1-CxP)
Ah, Q AL (hm?) s R HFEFI R T AT (M) mm hm ™ h™") s K g 3 A il 5 (¢ hm® h hm™
MJ™ mm ™) LS KR N € AR 55 AV BRI A P oK AR
(5) KBRS
K FH InVEST 581 85 S0 i 2 B DA K S AL IR 45 (WP) | MRS 11 3 s XK SRR AIE | B BCRUE
FEER I AR R PR Ao i AR K et R s Y AR AT
X oxpi = loadmf’b. XNDR,; ; +loadsub’[ xNDR_,, ;
e, MRS BTG @ 975 e 0 i i (kg) 5 load,, , AT load,, , 431 22755 1 3% 14 75 Ye ) 1 38 (k) 5
NDR., .1 NDR_,, , 7327 o 2 At T V5 G Wi i %
(6) FREHE 55
SR H SCS-CN 7K SCHEAUSTH b F 42 0 25 0, T VT AR T L 5 I 55 (RM) o Horp BRI SCHE S 8) CN (B
AR K SRR AEAT R BRI IR S D0 B ST 35 B /B T 5 — 15 00 A 9 3 19 b 28 7 3
V=0,-0,
(P-1,)°
T Pol 48’
Q=0, (P<I,)

(P=1)

254
5=22200 sy
CN

I,=AXS

P,V O RAR T E i (mm) 5 Q, O H AER O AN Z K T AR AR (mm ) 5 Q, N LRI R (mm) 5 Q
LR (mm) 5 PO REKE (mm) 5 SRR R B OV O A LR 7= RE T 9 2880, BUE TS [
& 0—100; 1, EFEKBIWIIE T BB A 2 L3RR 38 28, —BHUE Y 0.2,

() LB B RGMSS

Xf BRI RGNS AT ZE AR AL, b K B A I 55 rh i Y oh B EA T S b B, S R
FAEACE By 3 A B A A S R G55 H8E(CEST)

(8) LB RGN Ts TRk 545

8 o 2 0 A S 2 8] BT I B — AR 28 R G S5 K o R LU SR BT ik | R i 1 44 AR S R SR 55
TR LU R IRIZ S [ T N A S R GRS 250 . AR AT .

http ; //www.ecologica.cn



2922 xR 45 4

ESC”“ = uq_ m
> 2 ES,,
k=1 q=1
ESC,
ESS, =4
2 ESC,
i=1

X ESC, A A AT b P AESRGRSS @ B — DT ES,, 2SI BATT kT8 ¢ S AR S RGEMRSS
HYIAE , m Fl n 43 5 e m A BB 23 ) BT MR BSS,, 23 () 05T k oS B R GRS 41 .
1.2.2 Az 25 U BB i

MRAE T R SRR AL 2 R BRI SR S A L — RO T B bR b flh g . R, A
R IX 2 B A A RS R B Ok - i K SRS R G MG R o =7 G B . 2% WA o 55T
X SRR B0, B A 25 RGEIR 5510 25% W04 /8 SR AR S R GRS Sl 2s i), JE T FLUS #5810 445 7500
2035 4FFl 2050 AFWF 5T X g 1 H ML o 0 1B, R ik e 2 g R AP KRR RS HS IS, &5, %
2020—2035 4 ,2035—2050 4F @i Y kw530 5 8 — A B R GRS 5456 B RGNS 1) 2 A
HEATAR S AT, U 2035 AF A1 2050 48T A AU B
1.2.3 O A A SRR 5

WRIE 2 B0 K RIS 2 T R 58 4R A s 23 XU 3T AR R AE R 531 6, ARSI MO o3 A e 15 e
VT T & BAOUL R SR AR SR R0 o 5 I A RAR R4 725 [RIRFAE A0 BT RS P o . SR 3RARIE B A Bk B it AN
[vi] XU F4 2 [61) IO A P F 58 1 X 4 3t W 0E A7 45 AR B (3194 Shannon ZREVESEEL) o RIEAT AMF T | £
- RAEAE B B R R I RE AR 25 S R I A% RS 1 km VB W IS 23 BT B BLAR 23 ] BT . WIS B 5 % 1 )
M (R 4055 — R ] AreGIS 10.8 (1) Zonal Statistics HEATHUA AL B

(1) B HEAAEL

FEXT 2 BUR R B AT 5 2 20t AR AT AN AR i g A B P R B R 5IAANT
TEF%IW%%;&( Artificial Neural Networks, ANNs) ,%fﬁ?%ﬁﬁ%iﬁ%ﬁ%%ﬁﬁ)\ﬁﬁ%[m N 2 B A )
FRECHE AN 12 28RS P T A3 (3 1) . ANNs 580 B 4 A2 | B2 Fndin i 2 i 2 A 20 R L,
A 3ot A B P A S TR 2 A B D B B A b R 2R e AR - MR R o R
Mo R B Tk R A S BT BB R T AR T T R R . BT A Y

S=YwxV
1
1+e™

K, S Fom B2 L TCAR BN R 5 5w oo A2 5 BROEZ 1038 D PEAE 3 V 2R S i A JZ M2 A ¢

PR AE i

Sigmoid (S) =

x1 SHEHBEERHEE

Table 1 Driving factors for town construction

A KB YIRS e WFHH =R HE Ik
Type Driving factors Calculation method Type Driving factors Calculation method
EENES =y DEM T A 4 & Social factors  EREERE POl % i
Natural factors Wi DEM 1 341 253 N % FIRk HE B R G
FK R B HE B WK LG B 5 Traffic factors ) v L B IR G HE B
112 E Social factors  Fl| S FHBURNIE WK EC I FFETIEEE PR G HE 88
GV DL BEAT A P E A CEE BRI
TN POI #% % FE )k 3 ot [GSEE)

http ; //www.ecologica.cn



6 1) R A AU S BRI A SRR JR U 5 3 O PR A —— DABR PR B 3 DX B 2923

(2) B RERE VT AG
B NZEX R UR I T & 0 2l X4 2 AR T — R B b U DR BT N L SR
FEEET 1 km MRS X OFFEIX S SHAR B B2 TTREPPAl o P e BT st #fh bRth 5 7K s R A 3t 1 = ) ]
FREEMRATRIR g 4 3.2 1, hAb, Sy sk G B0 A AR 1 b 7 4 PP ik i IR B iR 22, 5| AR BT D18 T 1A -3
— PRI X S R BV R AR R AR IS R, BRI
TLI,
L, :ﬁxLao
L, = 2 A, xC,
S L, A E I (0 4 ) FR 25 AR TLL R ¢ B REIIAT Y6 3 80 TLL JEE 130 ) n (07345 AT
JCAE 5 Lo F 5 m A% B LA AR BEFE B A, 5 m ARk b A 2R B @ p T AR L 5 € L R
PR IR R M E

(3) KR IH 51
LA S 30 A R V- (L s R s 07 DU R B AR s 21 % 31 5 BELIWOU K TR AR Jsd , HG e 0 oy 2

WMES MRy e R, RER T I I IVARRACER B R 0T W R 50T AN HER IR IT AT
HIG,
1.3 Hdikla

WFFE R FH B AL 45 L A H DEM | 3 5Tl B (B) KT G | 1l 38 22 IR S 7S 28 B B ok U5
W32,

®2 BRHEERE

Table 2 Data source

Bt 44 7k X R B AU

Data name Format Accuracy Data source

U RIDEEEA e 30 m rh AT - B 2 AR 4 (CLCD)
Land use data (https://doi.org/10.5281/zenodo.8176941)
DEM $fii Mz R =T B

DEM data Ly 30m (http://www.gscloud.cn)

T b AR W 1k L3 SR 7R (HWSD v2.0)
Soil texture data m (https://www.fao.org/ )

BEIIAT e Bl s 130 W—S B A

Night light data o (http://59.175.109.173 . 8888/ )
BB R4 C p 11100 7 2[R BRI H R 5 R 5
Geographic element data " ' (https://www.webmap.cn/)
P4 (POT) Hibit . _ LESieas

POI data - (https ://Ibs.amap.com)

2 AEBRGRZHZ=ESR

2.1 PR RGNRGE WA [ 5

DL S HATEL X R A G, M — S R GRS A A EA R R 2ES JFH S AFRERE — &%
R (E 2) , BAORE  WEHEE RS B ARS AR AL IR 45 76 19 4~ 2 B ARG 40 8] #4 AR X e, o e
SRR 13.38%—23.35% 10.95%—19.34%F1 13.24%—21.40% . ~EMRS B R RS/ S 44
PATTN RS ) S TR, o B Sk £ o LR ik B 38.42% , i ] S 4 5 e B ARA N 10.57% , + IR
R 55 AR b 7s thAs m i oAT 25 5, o bl S 5 AR AR 22 PR 3R 3] 24.24% , 383 Pearson AHOCMHT & B, FVE
VEREHL 5 H S IR E IR SS (coef. =0.822, P<0.01) FIA: 35 it 8 IR 55 ( coef. =0.819, P<0.01) £ IEA X, 15 +

http ; //www.ecologica.cn



2924 JAE = 45 4

BRI IR 55 (coef. =—0.557 , P<0.01) FI/K TR IR 55 ( coef. =—0.415,P<0.05) S A5, ftal WL, F PR TE s
bt DR SSRGS R A A B T R LA SGEE . AR, IR M AR S R G A K H R R R R S5
FK S A AR 55 A8 8] 3 A 285 R e B AR 5, B0 0 58 4 A7 T 8 B PN B 9 B Sk & rp = AR5 R 55 o HR AR
4.91% , i T HAG B S , R AR BIX R A A S RGN N TERAAE I REE 1, BRItz 4,
I 15 MR 45 RN S A IR 555 1A T T ) 25 i) 403 A J s I i 25 ) S BB

100

90 | —e— iR H AR
= 80T B 7 b
LR [ ot
sl ] e
=0l I ek
gso- I kS
ool [ [EiNE
10 F [ EEESEES
0
B OB K OF % K ¥ K & B & oo ¥ & ¥ K & w &
T 2 % K #H H OE OB B H £ H £ 0 £ K KR OH
n £ K E L K K E & < B+ R & & 12 E B E %
N & #H P ®
% #3515 Town units

B2 HEFEMRSHENESRERERSEN

Fig.2 The ecosystem service structure of towns in the Baiyangdian region
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Fig.3 Spatial distribution of comprehensive ecosystem services in the Baiyangdian region
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Fig.4 Construction level and construction probability of towns in the Baiyangdian region
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Fig.5 Identification of evolution stages of sub-units in the Baiyangdian region

SC A+ IEREEMR S Soil conservation; HQ 4 4 55 it & IR 4 Habitat quality; CS 9 [E 8% Ik 45 Carbon sequestration; WC A7 7K V5 18 77 IR 55 water
conservation ; WP K IR 55 Water purification ; RM R E R 55 Runoff mitigation

JERERE PR VS L R e — 2D Y SRS S AT A oTHR T ROl ad T3 ok A LA SR A 3t
DX, FE PSRBT iR 22 (34.53%) , IF HILZS M0 B T 42 A W AL B foC il i, E 2210 £ A L IX
LSS SE , A FEVEAE SO KRS EDRE , C & 25.81% MY ITAb TR AT BORE , JFA 12.63%
M EATCAL TR TEQE BOIRAS . UAh N BEEATT (1 1L 27.13% ) 48 R AT LA 2L 800G 3 (9 2 A 5 A 4K 3
DX, AR T PR TERR L DR DN BT, Rt KA Qi A5 g o AR A s IR] (B O 2 28 Hh ISR A
PEELG , nT UL AT 25 1) 29 RATL R ok A 8GR i M5 £ BUR R R s i gl

A R GRS W TTRRRR BERE (I 5) Ab TR B BErY 25 (] BOT & 45 6 AR D RE . BRI ot
BIRTEZ RS RGNS I TTRR A o5 S5 (EURAR S T AR o LU, B ATl i P e A 5 i i e 55 [Tk
I 55 0 L 3 28 1 55 1505k 3044 TR OK Y B8 2= AE K PR IR R BT A I 55 Pl b TR BTk WAL i

http ; //www.ecologica.cn



6 1) R A AU S BRI A SRR JR U 5 3 O PR A —— DABR PR B 3 DX B 2927

FITRR T FE K IR 7R AR 55 A e X e, Hofth A= 25 R GE IR 55 STRRIIAC T 7 27K F il 2 78 3 O F5E
A d8 T Y T RE T B AZ R R EE T N I & s A B B IR E T . AN B TR T 7R /K Ui 7% i 55 vh 3%
B B 8 2 A A R 5 DRk 34D 8 T B R KK, T L A R b DX AT A SR RS AR AR K R, YA
R BICAE R S5 AR 35 T e IR 55 R e R 55 1 D R 55, 5 R BT — i AR AL
3.3 SHEUES KT

B NIR FPEVE & B S SR T 25 R S A S RGeS i vh o 00, A5 B AE S KU BE e (% 3)
2020—2035 4FF1 2035—2050 45 P A~ B[] B 9 A= 2 XU B0 e 1 AR 3 A 2 B 0E Kok B, 2 Bk 7.28% FI
11.60% o P 111 U 1l XA, T 53t S 3l i A o S5 0% o i Y 3 G ol v 4k o 80 45 DX Sl A il 1 it o0
DA e T 3 DX UL 7 b St PR 25 5 R ), DX B A 2 T SR A 7 B R i A e R 3 s (1, pl e 7 A 1 2 25 XU
BEJOR 2 I A PN B A 285 IR 3R ke T RR R K, 7 4l 285 XU BB ¥ TR AR o EB AN 2020 4R 1Y 14.25%
ik E] 2050 F 17.97% , MM B A Bk L OC R, HA B KM 25 N R B DX RS TR I 7 4 SR A0
BYHESI T B SR AR AR AT AE TR AR S RS . ISR R, = & BN BLTE 2035—2050 4R AYAE S
DRSS BRE B 1 1 R B 451 0 S0 35 3 27.99% F1 71.73% , 26 i - [R) 0 FL At £ 48801740 3 14 IXURS: BASE , S0, = & BRI
/NHLVBULE 2020—2035 AERTBEEIIT AR SR H AR e T 1 AU KT, RN 2035 AR R IR dEIR R T W E Y
Ko GHE XA S BIG LB XA AR R XS X PR e G A & e rh 22 2 R sl /E 2 80T KRS
ik AR, Sk £ VR R UE TP R VEAE AR 30 AF (14 A 28 IRURS: BB 5K M B /0N ARSI T R U AR AR X B 23 (]
ZIERL,

*3 HAFEMRKIEESKEIREREN
Table 3 Changes in the ecological risk patch area of towns in the Baiyangdian region
o B T AR L 5]/ . .
SR 2035 TR A PORBLE s g BT %

. . Proportion of newly
Town units New area added in 2035

New area added in 2050  Proportion of newly added area

added area

=/ 0.97 7.81 3.74 27.99
Ui B 0.59 7.63 0.95 11.35
LA 1.11 8.47 1.17 8.23
EALPS 0.30 1.72 1.26 7.14
FIES -0.27 -3.57 0.36 4.88
KT 1.74 15.43 2.32 17.85
Sl 0.68 5.98 0.02 0.19
] 11 0.33 2.91 0.77 6.48
HH S 0.24 2.71 0.29 3.26
/N 0.86 13.06 5.31 71.73
TEZ 1.53 18.62 1.19 12.27
Jett % 0.40 5.12 0.34 4.13
A 0.55 4.68 0.79 6.45
TP 3.47 11.77 4.23 12.82
AL R 0.19 5.46 0.23 6.13
B 0.81 6.76 1.15 9.03
P2 -0.02 -0.70 0.04 1.42
LIEp % 0.41 4.52 0.72 7.55
PUESER 1.23 8.34 0.90 5.65
&t Total 15.08 7.28 25.76 11.60
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Fig.6 The risk patch area of single ecosystem service in the Baiyangdian region
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Fig.7 Adaptive management map for the spatial development of towns in the Baiyangdian region
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Fig.8 Adaptive spatial management strategies for towns in ecologically sensitive areas
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