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A Machine Learning-based Weighted Aggregation Approach for
Addressing Regional Depopulation: An Analysis of Tourism
Capacity and Festival Revitalization in Gyeongsangnam—do
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Abstract

Regional festivals serve as crucial means to promote local identity and stimulate regional economies. However,
previous studies have mainly relied on satisfaction surveys or single case analyses, which limited cross-regional
comparison and the identification of structural improvements. To address these gaps, this study systematizes regional
festival performance into quantitative indicators and conducts comparative analysis across 18 cities and counties in
Gyeongsangnam-do. Four key domains —accessibility, purchasing power, infrastructure, and sociocultural factors —were
established, and machine learning - based weighting, spatial, and cluster analyses were applied. By comparing results
with population-declining areas, the study diagnoses weaknesses in tourism infrastructure and proposes tailored
strategies for festival enhancement and regional tourism revitalization.
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Table 1. Regional festival information

Region Festivals Total
Changwon Export Festa, efc. 26
Jinju Nongae Festival, efc. 18
Gimhae Yuha Festival, efc. 19
Yangshan Chrysanthermum Festival, efc. 19
Geoje Okpo Battle Festival, efc. 17
Tongyeong Hansan Battle Festival, eic. 17
Sacheon Waryong Cultural Festival, etc. 19
Milyang Arirang Festival, etc. 26
Uiryeong Watermelon Festival, efc. 15
Haman Ara Gaya Cultura, efc. 20
Changning Rape Festival, etc. 12
Goseong Dinosaur World Expo, elc. 32
Namhae Garlic Hanwoo Festival, efc. 11
Hadong Hwagae Market Festival, etc. 13
Sancheong Dried Persimmon Festival, efc. 9
Hamyang Omija Festival, etc. 17
Geochang Spring Festival, etc. 16
Hapcheon Azalea Festival, eic 13
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Table 2. Weights by hierarchical level
Major weight (A) Middle weight (B) Subcategory weight (C) Final weight (AxBxC)
. Bus stop 08744 0.2093
Public transport 0508 Oy four bis 0% 0.0800
Private Rental car 06010 0.1261
Accessboiity | 0.4753 ransport 04417 Parking ot 0300 00837
ional Airport 0.003 0.0002
Feg 00608 —
transport Train station 0907 0.0236
) Stay duration 05830 0.0547
Tt .
ounst sy | 0583 Lodging rale 04161 0.03%0
Tout
ounst spendng 03058 00217
(Young mele)
Tourist spending
034 0.0253
(Young ferrele)
i Tourist spendin
Spending 0.1650 ; (Mdd|ep|ieje) Y 00867 0.0061
ist
power Spss;;g 04317
Tout
ourist spending 0131 00095
(Mdde ferele)
Tourist spend
ot spendng 00765 0.0054
(Senior male)
Tourist spend
ounst spendng 00414 00029
(Senior ferrale)
tourism Acoommoaation 04006 0.0520
aoceptance 05 Restaurants 0594 0.0778
Tourist Public restroom 09037 0.03%4
Inf 2324 11
nirasiructure 023 oonvenience 01878 Tourist information center 0.0083 0.0042
Sefety & health Public safety 00489 0.0021
infrastructure 0230 Health servioes 0511 0.0559
Tourism Natural resources 06177 0.0062
resources 0082 Cuitural heritage 0383 0.0038
Destination Trend mentions 024% 0.0022
popularity 00737 SNS search volume 0754 0.0070
Socio-Cultural Tourism 0178 Tourism fadilities 0919 0.0207
factors 0.1264 infrastructure ' Tourism complex 0.0801 0.0018
support 0560 Festival budget 09084 0.0683
Fesiival Number of tourism festivals 04131 0.0037
" 00723 Local product-based festival 02638 0.0024
TEMEQ Symbal-themed festival 0.3181 0.0002
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Table 3. Collected data of Gyeongsangnam-do for tourism score calculation and analy

Category Data name Description Source
Tour buses Number of aity tour buses Gyeongnam big data hub platform
Bus stops Bus stop locations by area Public data portal
Arports Aimport locations Kakao AP
Stations Train station locations Public data portal
Accessibility Kakao AP
Parking lots Parking lot locations N ' ,
Municipal government website
Gyeongnam big data hub platform.
Car rentals Rental car locations yeond 9 P
kakao API
Tourism stats Visitor stats & stay duration Korea tourism data lab

Spending power
P g p Tourist numbers

Annual tourist numbers

Public data portal

Rest restaurants

Restaurant & store locations

Public data portal

RMSE=0.7091<

7SS ATHE 4 BZ)

Lodging Accommodation locations Public data portal, kakao API
Infrastruciure Cime zones Cime safely index Ministry of the interior and safety
Medica facilities Medical facllity locations Public data portal, kakao API
Public toilets Pudlic restroom locations Municipal government website, kakao AP
Info centers Tourist info center locations Public data portal, kakao API
Tourism info Natural & cultural resources Gyeongnam big data hub platform
Socio—cultural Attractions Tourism facilities & zones Ministry of culture, sports and tourism
factors Tourism & festival budget Tourism & festival budget Local finance 365
Festivals Festival overview Gyeongnam festival damoa
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Table 4. Model performance in predicting standardized
tourism expenditure (category A, category B, category C)

XGBoost | CatBoost Grad|§>nt R dor
boosting forest

A MAE | 0.0809 0.1633 0.1639 | 0.0824
AMSE | 00714 0.0349 0.0318 | 0.0098
A RMSE | 02673 0.1870 0.1783 | 0.0994
B_MAE | 04982 0.3887 | 0.3122 0.3433
B MSE | 05092 0.3434 | 0.2539 0.2655
B_RMSE | 0.7136 0.5860 | 0.5039 0.5153
C_MAE | 05123 0.4262 04479 | 0.4206
C_MSE | 05041 0.4351 04609 | 0.4121
C BMSE | 0.7100 0.6597 0.6791 0.6420
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Table 5. Model performance in predicting standardized
visitor scores (category A, category B, category C)

XGBoost | CatBoost Grad|§nt RS
boosting forest
A MAE | 0.0809 0.1633 0.1639 | 0.0824
A MSE | 00715 0.0350 0.0318 | 0.0099
A RMSE | 02673 0.1870 01784 | 0.0994
B MAE | 05123 0.4262 04479 | 0.4206
B MSE | 05041 0.4351 04609 | 0.4121
B RMSE | 0.8391 0.7315 0.7489 | 0.6420
C_MAE | 05605 0.4804 04978 | 0.4666
C_MSE | 0596 0.5562 05235 | 0.5028
C BMSE | 0.7713 0.7465 0.7235 | 0.7091
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Table 6. Comparison of model performance stability based
on 5-fold cross-validation (Mean * standard deviation)

MAE MSE RMSE

XGBoost | 0209+0.119 | 012140107 |  0.348+0.186

CatBoost| 03090204 | 0323+0203 |  0.568:0.167

Gradent | 1 om.0176 | 0375+0.187 | 0612:0.343

boosting

Random | os040 140 | 0.082:0.003 | 0.179:0.004
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Table 7. Final tourism scores by city and county

Region Score Region Score
Changwon 76.59 Namhae 449
Gimhae 57.96 Changning 4475
Jinju 55.23 Geochang 4465
Geoje 53.17 Hadong 44 63
Yangshan 52.77 Uiryeong 44 54
Tongyeong 48.28 Haman 4415
Milyang 47.23 Hamyang 4411
Sacheon 4713 Goseong 44
Hapcheon 46.6 Sancheong 40.23
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Table 8. Cluster analysis results of tourism scores by city
and county

Region Grade Region Grade
Changwon High Namhae Low
Gimhae Middle Changning Low
Jinju Middle Geochang Low
Geoje Middle Hadong Low
Yangshan Middle Uiryeong Low
Tongyeong Low Haman Low
Milyang Low Hamyang Low
Sacheon Low Goseong Low
Hapcheon Low Sancheong Low
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Table 9. Summary of regional strategies for coping with
population decline
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