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Abstract: The construction of ecological-cultural composite cross-layer networks represents a crucial pathway for realizing
the synergistic expression of the multi-dimensional values embedded in linear cultural heritage. This study takes the
administrative areas traversed by the Tianjin section of the Grand Canal as a representative case, notable for its pronounced
nesting of ecological and cultural values. Grounded within the theoretical framework of social-ecological system, the research
adopts an interdisciplinary methodology that combines morphology spatial pattern analysis, circuit theory model, and social
network analysis. Through the integration of these diverse analytical tools, the research proposes a four-step cross-layer
network construction pathway termed “ identification-connection-coupling-optimization ”. This innovative approach

fundamentally transcends the limitations of conventional modeling paradigms that primarily focus on physical or structural
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connectivity, and instead pivots toward a value-centric model that integrates ecological function and cultural significance
within a unified analytical framework. The results showed that: (1) the ecological source areas in the Tianjin section of the
Grand Canal basin have obvious scale heterogeneity and an uneven layout on the spatial scale, while the cultural source
areas are primarily distributed along the coast of the Tianjin section of the Grand Canal with the characteristics of large-scale
dispersion and small-scale concentration. (2) The ecological corridors in the Tianjin section of the Grand Canal show a
general pattern of “dense in the northeast, while sparse in the southwest and northwest” , and this imbalance highlights a
tangible risk of spatial fragmentation and ecological isolation of small ecological sources in some peripheral or marginal
areas; meanwhile, the network of cultural corridors is expanding radially to the periphery with the Tianjin section of the
Grand Canal as the core axis, forming a spatial distribution characteristic of “wide in the southern reaches and narrow in the
northern sections”. (3) The functional subgroups of ecological-cultural composite values show an obvious distribution
pattern across administrative boundaries, highlighting the importance of multi-jurisdictional coordination. Based on the
synergistic expression and spatial interaction of these values, 6 cross-layer network groups are identified and categorized into
3 distinct types: potential type, unbalanced type, and demonstration type. Corresponding optimization strategies are
proposed for both single-layer and integrated network patterns. These strategies aim to enhance spatial coherence, reinforce
ecological and cultural synergies, and inform the integrated conservation, spatial governance, and adaptive planning of
linear cultural heritage systems. This study thus offers a robust scientific foundation and practical toolkit for promoting value-

oriented, cross-scalar management of natural and cultural resources in complex heritage landscapes.

Key Words: cross-layer network; network pattern optimization; multidimensional value; circuit theory model; Tianjin

section of the Grand Canal
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Fig.4 Distribution of ecological and cultural sources in the Tianjin section of the Grand Canal
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Fig.5 The ecological corridor and cultural corridor in the Tianjin section of the Grand Canal

2.3 ES-SCEIIRERE G BUESZ M A5 AR 5 s (1) 23 A AR

H T A AR SCA T P JaR A B S A A 2 IR R AR AR IR 5 SRR o 6 S B AR S-S0
WS M ERDIRENE T4, S0 T AE SR UL E R F— TR E N IR R & . =S [ AR, T
TS B ] A B AT B oA R AT T DIAT B A8 F R S st IR BT (I 6) .

TERCHER L 255 D REPE T HE R 20 25 50 5 25 BEL 0 T A sl R, Bk — 20 A A 25 SR O 5 )2 I 46 45 4
(K7) . IESIET SRR AR RIS 2 A 2 V78 T 1 BREOR B A A R, X465 e A S R SR W) o
EPh BELR IR 85 AR SR AR P AR BRI SR T2 1Y s U R 22 D 67 3 AT A M 42 X3 T P A
FECAIE ™ M, S DXIOCAE B A O R B, AN TR0 PN P 5 J2 R 4 S HE 5 R  , T1 1 M HE 6 19
PO 28 25 K RE O i B A/ B PR P BB TR IR 2, UL T 1 R G N B R = TUARIE 2, AR 25 -SUA M 2 S5 A Bh

http ; //www.ecologica.cn



12480

45 &

TR

O AEATEH: 15 23 33 44 5. 6
ot SCAGTE M : AN ZCIR T PG 5%
B Pueithl. REGUUREEE bR
FEVUABHE SURPTRSE = A0
st bk

THE2

AT : 74 8 9y 104 114 124
13+ 14+ 15, 16 17+ 18+ 19. 20
KO SCACTR A : K M B A
BHE A FAUTE L B LU
O JeiEis RETE A K
W KX

FRE3

O EATEH: 34y 354 364 40

%0 SCAL TR : TR LS BRI
IS ZRKBE TRAN #Eid
W PN BAF BRESECS HIE
i P EAEG RN

FBE4

SR . 21 224 234 24, 25,
26, 27 28+ 29+ 30, 31, 32, 33

Bl ST : Jbe JEFIEKFRIARAL

BRAESFE ERALE gt S
BEASE IS ARG R T
e TR Bk

THES

O H: 37, 38y 39, 48

O SCAGTRH : T IR SFA
P EI AR AR R E
AW KW . K. R
HHHE KSR RS PR R
PERCE S Bk IGpHAR %

FRE6

Bt EATEM: 41, 42, 43, 44, 45,
46+ 47+ 49, 50

Bl SCAGTR M : PR HEE. &K
PR JUENS AR MhSRsHE. o
SOPUB L 20T DOER s R B8

Msfs WL LS

B6 XZAXREBRES-XHFEBFHSS
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Fig.8 Addition of “Stepping Stone” nodes and network hierarchical structure in the Tianjin section of the Grand Canal
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