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Abstract: [Objective] Korean pine nuts are representative high-value forest products in northeastern China,
serving both rural prosperity and ecological security. Yet, poor logistics infrastructure and high
transportation costs have limited their industrial potential. Existing studies on logistics networks often
neglect the unique spatial and environmental conditions of forest regions. There is a need for decision-

making tools tailored to the complexity of forest products. We aim to develop a three-stage location
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framework with spatial adaptation to provide practical solutions for Korean pine nut logistics that balance
ecological constraints and economic efficiency. [Method] Yichun, the core Korean pine belt, served as the
study area. The model was made to self-adjust to local spatial traits. First, a GIS-BWM-WLC method
integrated 13 spatial factors to generate a suitability map. Boolean operations were then applied to exclude
restricted areas, leaving candidate sites. Second, supply points were set at the geometric centers of pine
stands, and their supply volumes were estimated from the Liangshui Nature Reserve yield data. Finally,
candidate sites, supply points, roads, and demand were fed to MATLAB’s IOA module to solve the location
problem and output the GIS-based visual plan. [Result] The framework identified 32 distribution hubs out
of 180 candidates, forming a spatial pattern of “high suitability-roadside-into the forest”. All hubs sit in high-
suitability zones, meeting cost and capacity requirements. Over 70% follow existing roads, shortening the
average haul. Three hubs extend into the main Korean-pine belt, reducing nut loss and expense. The model
integrates transport, infrastructure, and production coverage, confirming its accuracy and cost-effectiveness.
[Conclusion] The proposed “weighted linear combination-yield prediction-intelligent optimization” model
is more robust than traditional approaches. It considers both spatial distribution and yield of Korean pine
while addressing transport, infrastructure, and service goals. The framework proves effective and feasible for
locating hubs, and offers strong logistics support for sustainable industry development. It also offers a
readily transferable blueprint for designing logistics networks for other high-value forest products.

Key words: spatially adaptive framework; site selection; Korean pine nuts; best-worst method (BWM);

weighted linear combination (WLC); immune optimisation algorithm (IOA); geographic information system
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Tab. 1 Distribution area, fruiting, and harvesting of Korean pine across different forest ages in Liangshui Nature Reserve

NS [H#/hm? AL S/ Wk B/t BA/(t-hm ™)
T #obk 1489.4 75 890 433.1 368.14 0.25
BRI 1086.6 49 850 165.8 140.93 0.13
R 958.4 26 570 65.8 55.93 0.06
G 35344 152310 664.7 565.00 0.16
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Tab. 3 Criteria preference judgments and consistency tests for Korean pine seed logistics center site selection
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Tab. 4 Weighting of site selection criteria for Korean pine
seed logistics centers
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Al2 0.169 2 0.060 7
Al 0.3590
Al3 0.253 8 0.091 1
Al4 0.484 6 0.174 0
A21 0.538 5 0.1657
A2 0.307 7 A22 0.307 7 0.094 7
A23 0.153 8 0.047 3
A31 0.5417 0.1111
A3 0.205 1 A32 0.2917 0.059 8
A33 0.166 7 0.0342
A41 0.228 6 0.029 3
A4 0.128 2 A42 0.628 6 0.080 6
A43 0.1429 0.0183
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Fig. 4 Suitability evaluation chart for construction of Korean pine seed logistics distribution centers
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Tab. 5 Evaluation index reclassification criteria and assigned values

RN ES B bR S IR A RO St
oY 1(>710m) 2(534~710m) 3(394~533m) 4(260~393m) 5(<260m) it EACHEHHATFIH
e 1(>50° 2 (26° ~ 50°) 3 (16° ~ 25°) 4 (5° ~ 15°) 5(<5° B N, AR TR %
AR 1(>220m) 2(154~220m) 3(101~153m) 4(50~100m)  5(<50m) B MR, AR TR %
K LWEL) 2004 3R i‘;ﬁgi l(jggi) fgéﬁéiﬁé”ﬁ@é
F 0 TP 1D 1(>112km) 2(7.6~112km) 3(4.6~75km) 4(2.0~45km) 5(<2.0km) £t IEHIEF
P S K e 1) B 1(>60.6km) 2 (40.7 ~60.6 km) 3 (25.2~40.6km) 4 (11.8 ~25.1km) 5(<11.8km) 1 &fufEF
BEES K RN RE S 1(>38.0km) 2(25.1~38.0km) 3 (15.4~25.0km) 4(6.7~153km) 5(<6.7km) 1 {RIFE7ERIKIE
BEES LA AT X IR 1 (> 68.0 km) 2 (43.3 ~68.0km) 3 (24.7 ~43.2km) 4 (10.0 ~24.6km) 5(<10.0km) it ZIFFFHEN 2 HilE
AR 05 8 1(>091) 2(0.83~091) 3(0.64~0.82)  4(034~0.63) 5(<0.34) B BERRI RS
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PR X 1 B 1(<1.0km) 2(1.0~19km) 3(20~29km) 4(3.0~42km) 5(>42km) IE BEGRPIERAER
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Fig. 5 Boolean map of Korean pine nut logistics distribution center
restricted areas in Yichun City

s, bR FL S5 A8 bW ) A S 1 B
) B W X (K 6a). RIE GB/T 21334—2017
ot e X 7y 285 BRI L AR SR ) R e, — TR
BN Pl X B A BB TRAR 9 10 hm?, A8 A JLAAT T
SROE B A XA N B 8 ) B T AR 4K T 10 hm?,
AL OB G HE RN, DA ELEX
SN B JUART R o s A N ZERA FF DR AR B R O 1 6 i
25, FEASF] 180 Abm LA L AT FA KT P I AR L 0 B

AT /T 100 R PR IE R 35 BRFE 2 10 /o ha,
KA R R m; M5 T RS, 500 K5 4k
PR, I AGE N ERELE S BHix (B 9a). FIEM
180 /N5 3k A rh ik 32 ANEHT G, SEPLIE R
K5 MR E SRR E b,

JE I B A I ASURN 4532 i (A DG TR A5
LA ) A RoE i GIS 7 & S2E, Ktk ik dik
R CE 10D, Ak G R T LLAA KA
HRCHR O R A2 AR AR S B A B b, R D
FEF N ERN IR, BrE S T eEE s
X3, FFEERLH, AR . 70% LA
IR AV E B A A, s B PR KiE



118 G| G N A N 4 jd 47 %
128°E 129°E 130°E 131°E 129°E 130°E 131°E
| g 7l (N |7z
9.- . _ 2 A 7§ ™ N A
° 7 } o
/ (N
J o ° /
7N, 8 fe Te ¢
- '3 z - A I/ z
oo [ 1o oo [ i o R
= ~ ~ B e e ~
° 1N
a ..
/ .* ;J“?l ° ® ,;’
z C e e z z . z
e 15 & * ? 1%
° e ° ';T 8 4 ].
\ D o Se ik \ ' ® fiyiti
0 30 W60 k\ el 0 30 /‘60 kﬁ!' e
m
128°E 129°E 130°E 128°E 129°E 130°E
a AL b AR
Bl 6 ZRFFYIRAER O &k i LS AL E
Fig. 6 Locations of candidate sites and supply points for Korean pine nut logistics centers
F6 UMHHREMAEERER
Tab. 6 Longitude, latitude and area of distribution area of P. koraiensis
(X 5 Hh I AL AR TfA/hm? X 45k HuELAAER TfA/hm’
1 (129°5'50"E, 47°54'51"N) 7262.38 19 (129°9'41"E, 46°44'53"N) 28 061.19
2 (129°24'21"E, 47°53'56"N) 5988.25 20 (128°26'43"E, 46°46'47"N) 6 648.11
3 (128°2725"E, 47°50'17"N) 23 037.84 21 (128°26'34"E, 46°42'56"N) 22 479.68
4 (129°11'7"E, 47°48'31"N) 18 944 .54 22 (128°43'8"E, 46°31'30"N) 6 325.57
5 (128°16'36"E, 47°48'33"N) 337.30 23 (129°40'29"E, 48°36'32"N) 133 161.42
6 (129°123"E, 47°38'50"N) 9352.90 24 (129°1529"E, 48°27'14"N) 33 036.39
7 (128°16'19"E, 47°32'34"N) 5011.57 25 (128°55'15"E, 48°22'20"N) 36319.61
8 (129°5'52"E, 47°36'48"N) 2 653.78 26 (129°55'17"E, 48°28'20"N) 4287.91
9 (129°16'6"E, 47°30"20"N) 8364.34 27 (129°16'57"E, 48°22'52"N) 372035
10 (128°21'16"E, 47°10'36"N) 489.83 28 (130°22'47"E, 48°20'41"N) 4677.14
11 (129°4’45"E, 47°15'10"N) 11 286.93 29 (129°4'42"E, 48°15'37"N) 21 414.61
12 (128°52"2"E, 47°12'59"N) 25742.72 30 (128°42'55"E, 48°17'8"N) 8741.82
13 (128°33'45"E, 47°10'13"N) 23 574.48 31 (130°24'52"E, 48°18'34"N) 25.07
14 (128°43'50"E, 47°4'18"N) 5624.21 32 (129°42'35"E, 48°9'30"N) 22293.07
15 (128°34'13"E, 47°5'1"N) 6485.88 33 (128°26'55"E, 48°14'21"N) 7 410.31
16 (128°35'45"E, 46°56'53"N) 18 698.33 34 (129°47'11"E, 48°1320"N) 1 899.12
17 (128°54'22"E, 46°53'39"N) 24 475.61 35 (128°14'9"E, 48°7'42"N) 6710.33
18 (128°53'30"E, 46°54'29"N) 5630.04 36 (128°39'49"E, 48°3'30"N) 5962.06
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Fig. 7 Current situation of Korean pine in Liangshui Nature Reserve
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