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Abstract

In recent times, a population concentration in major cities has been observed, while simul-
taneously, rapid phenomena of low birth rates and aging are leading to a decrease in the
population of local towns and villages in South Korea. This trend is increasing the proportion of
areas suffering from transportation exclusion, marked by reduced mobility and accessibility for
residents. To improve the mobility of residents in transportation-excluded areas, a public taxi
service is being introduced. For sustainable and efficient transportation services, it is essential
to understand demand and supply and develop appropriate service introduction strategies. This
study utilizes operational data from public taxis in 32 city and county areas to analyze current
operations and characteristics, and proposes operational strategies for service management
plans. The findings indicate that the proportion of the elderly population is higher in county
areas (31.5%) than in city areas (20.4%), with the highest utilization (10.9%) of the service
relative to the beneficiary population in Yecheon County, which has a high elderly population
ratio. Additionally, areas with long-distance travel tend to have more single-passenger rides, as
users often travel to individual destinations. Using GIS Pro to analyze boarding and alighting
points, demand concentration areas, and service zones, it was found that the main boarding and
alighting points were residential areas (34%), downtown (18%), and community centers (14%).
Some of the demand within identified clusters could not be included within a 5 or 10-minute
influence radius from the center, due to geographical features and road structures. Furthermore,
most areas showed a pattern of returning at various times after morning peak hours from 8 am
to 10 am. Ultimately, based on the analysis, Decision tree model was proposed that categorizes
clusters based on three months of demand data and decides on the service operation model for
each cluster. Such a practical strategy approach using real data is expected to contribute to the
efficient and customized planning and operation of transportation services in excluded areas.

Keywords: decision tree model, gis analysis, operational strategies, public taxi service,
transportation-underserved rural
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=3 Itk Ministry of Land, Infrastructure and Transport(MOLIT) and Ministry of Agriculture, Food and
Rural AffairsMAFRA), 2023).
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Table 1. Demand-responsive transport operation types

Category Fixed Semi—fixed Flexible Virtual flexible
Operating hours Fixed Fixed Fixed departure and  Reservation response
arrival time
Route Fixed Fixed with Reservation response  Reservation response
reservation response
Origin—destination Fixed Fixed Fixed Flexible
Concept e L=

e e e [re-eeL

2. 01220 O|STHE S4S BRF WEMHIA TQ B4 B3 7

TEHQ WFAHAE AlFot7] el o] 84} o] 5 'l o] A3 HMEkE o]afjgt W a7t QIth(Tao et al.
2014). Shanthappa et al.(2023)-2 1% Davangere A9 2] M2 3H5 S 0] Al Z7HA o] 58l ]712}6}9&_1,
= aet

50] 29 Bl ukg FUE2 F2 05 AR o]Fo] FFH o A= Ae =& Ma et al.(2017)2 1
MEZre] thgals 7HE Hlol8E E85te] AFA], A, SLARE 5 AleH 39S mhefstalal, s3H 2
HAAE Y TS F90 94.1%2 =R e il-s SIS AEotaltt Lyu et al.(2019)2 FARRE S &S 7}
A 2FNA A& HFWF AHAE A6 2S BHE CB-Planner2hs CB Al A% T YIS A9t
4dq”ﬂﬁdl%fﬂimﬁﬂﬂ%ﬂlﬂ5% 71 2 AE Y 24, ARG i) dalels 5= Eetst

1%1 T35 LS, S= 32 11 A Hlofefof s Al A+ =3stalrt. 1 A3, 2 A3
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AZ17] wiell 24 23 2H 2717 A6

T Hohs Aol o AR A g9 24 9] F42 o5 7ol &
< Ae Adsto] Au| A HIAdS JiAdstaL, Al =2  dAshs atA Q] AR A HoE AAsH] o]
o A2 4S5 EE5P7] Aol 2L P TAA N AFL R o Al 5E, 1027H4] 9] 9e mEdth. 5
2-5Ed o] 3¢ tiA oF 108 o2 $F(Kim et al,, 2019)5H= EAS HolB 2 10271x] 9] o1t 2=
YA =E5P7] Asf 529 F9= 2ol AHEtt A S tiAl= A ==l A4H 30km/h= 24
ot MBI @ FAIE hefsty] il A G 5-SHAA] 439l 2091 0] Al RIStz E SRS FAAE 7HEe.
2 78 AAE SR HNEE AHER Bt

Al 23 595 EdlE AR wEAEA 29 FlRt AT A AL 2YH
[e]
=

e A
L5497 oA AH|ze] B2

SGISCEAA 2 HATH| ) o] AR e Q17 SAALRE B85t 3270 A2 2B 2H65A] ©1) Hl&l
& AW EIT Table 29] A9 2 Al 2192 A, JAEAAE & F8 Ado] e T4
o] Wi, o5 17 Hlgo] HAF ot AS & 5 AT o A H 9] A A o= 2 H
&o] Fom, 1A A7t 30% o]/do] 654 o1 & /=] ok, A Q154 thH] ALF AL HlE2 HiA = Al
AQEYE & Ao w2 Aoz yehon, 9] A, T2 61%, 58%°] sigshe A2 Q17+ dut
ool 654 ol 7= et = rk(Table 3).

o, rok

ko

oo f g

Table 2. Status of the population ratio aged 65 and above by grid

Jeonju-—si Yecheon—gun

Yeongju-si

Table 3. Number of grids by percentage of population aged 65 and above

Unit: Count
Region Crids with -30% 30-50% 50-70% 70%-
population
Geoje-si 945 306 32.4% 595 63.0% 44 4.7% - -
Geochang—gun 1,088 73 6.7% 605 55.6% 404 37.1% 6 0.6%
Gyeongju-si 2,319 331 14.3% 1507 65.0% 481 20.7% - -
Goryeong—gun 737 75 10.2% 453 61.5% 209 28.4% = =
Goseong—gun 1,129 103 9.1% 678 60.1% 348 30.8% - -
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Table 3. Number of grids by percentage of population aged 65 and above (continued)

Unit: Count
Region Caléls ol -30% 30-50% 50-70% 70%-
population

Gochang—gun 1,527 59 3.9% 858 56.2% 610 39.9% - -
Gimhae-si 1,112 360 32.4% 717 64.5% 35 3.1% = =
Namhae-gun 799 43 5.4% 412 51.6% 344 43.1% - -
Danyang—gun 923 58 6.3% 707 76.6% 158 17.1% = =
Muju-gun 677 83 12.3% 453 66.9% 141 20.8% - -
Mungyeong—si 1,274 29 2.3% 914 71.7% 331 26.0% - =
Miryang—si 1,475 35 2.4% 1058 T1.7% 382 25.9% - -
Buan-gun 1,071 57 5.3% 704 65.7% 310 28.9% = =
sacheon—si 976 168 17.2% 532 54.5% 276 28.3% - -
Sancheong—gun 1,283 74 5.8% 888 69.2% 321 25.0% = =
Sangju—si 2,136 72 3.4% 1428 66.9% 636 29.8% - -
Suncheon-si 1,452 187 12.9% 855 58.9% 410 28.2% = =
Yeongyang—gun 768 9 1.2% 574 T4. 1% 185 24.1% - -
Yeongju—si 1,430 107 7.5% 943 65.9% 380 26.6% - =
Yecheon—gun 1,371 45 3.3% 481 35.1% 818 59.7% 27 2.0%
Uiryeong—gun 831 26 3.1% 437 52.6% 353 42.5% 15 1.8%
Jangsu—-gun 755 81 10.7% 541 71.7% 133 17.6% - -
Jeonju-si 654 376 57.5% 278 42.5% - - - -
Jindo—gun 795 85 10.7% 562 70.7% 148 18.6% - -
Changnyeong—gun 1,176 91 1.7% 775 65.9% 310 26.4% = =
Cheongdo—gun 1,129 28 2.5% 734 65.0% 360 31.9% 7 0.6%
Chungju-si 1,982 266 13.4% 1490 75.2% 226 11.4% = =
Pohang—si 1,743 342 19.6% 955 54.8% 446 25.6% - -
Hadong—gun 1,228 80 6.5% 914 74.4% 234 19.1% = =
Haman-gun 941 114 12.1% 584 62.1% 243 25.8% - -
Hamyang-gun 1,041 48 4.6% 609 58.5% 384 36.9% =
Hapcheon—gun 1,481 38 2.6% 584 39.4% 849 57.3% 10 0.7%

FUE0) o 54 W A AL $I9) AR 51N A GRS 27), 76%)

WE49)A] T(EAET T4
JZ A A B F N FTTHS 2G5k JtHMinister of Land, 2020). 553 BA]9] 23] A4S AR 7] 93] gt
T FHETTAA £ F2A 2ol El 9 SGIS TAA=E E-goto] AH|A 45 et Polgled, km'S
w32 g 238 vl sk
A2 28] Q1 Tt 52,7097 .2 9147 (A1) H 403,754 (FAFAN7HA] A1 2 |ARE Kol 9)
O, MATE 26,6917 &2 22 Hoj| £FA|Tt Qo]-gQl 2 1807 0= it 847 K} 2ulj 7k H2 ¢lgdo] 2]
=202 o]-gskal Qlrt. 53], Figure 19] AH| A 48] Q15 tjH] dol-g-QlUo] @A|5] W2 AFA], %ﬁﬁ Ale A A
o g T35 A 9o o wEsdS o 8 A7 FE 7] wflwof] AH]2 48] )15 ] 0.01%, 0.02%°]
YT shRof o]- &Skl Itk thiE AB|A 6] ol thE] ZFY B2 Q17 AH|A o8 4l —7%% i s
(10.94%) 0 2 1197} Hlgo] & A o2 1Y FRSL olF $Ho= 353 HAlo] B2 9&ES 5t &
= AR

2], A 422 A 15, 2024\ 22 65
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Figure 1. Daily user count compared to the service beneficiary population

HEde k' L3571 0,592 FA]Q1 0.89] 2ok 2> Hm km’® &7 2= 1,1 Im& 32711 x]o_n}
V2 ArlE &35k ck(Figure 2). o)1= AL 7R R T
2o Q1A FA FA7AA] o Fat=t] 71 A= E o] 5a 4 Ho] 9
o Lo Al 416mE FE#(1,171m)dl o]o] T WA= 71 ﬂa—g— Sagslal gl Aol g9l 9
740,482 AH| A o] g-Eo] Ygox ety A2 2oty Ytk AL B Ao v
S AMeta 98-S L H, B 9% A 92 Anjstr] ¢ H Al o 2o £ Hjgo] £Q5n
Ak izt ek, A= ZAste] et welsh B Qs AL ofwgich, 1] AT 4L 27 o] H] EAIL 4
g

2 oF 789] Zpo]7} 9l o} km’S B4 242} 1.48]/km?, 1.538]/km’ 2 A UERTE, o] 49 A
O] I 2folof o3t A o g7 mRFA|O] Q71 F-2 WA DY E o] Yeh}r] wfZofl 22 A 4= thHl e AH|
2EATE 5 e AFAE A8 5 ok AAIR ZRA = A7 Ho| SheAR F5F BAE 2ok qirh
IFAeL o] a7t A HE A Hof M= AL AF TR BIAQ] AHIAE AlFsh] Qo AHlA 29 Al
T8 Iy 219-g oefotal Tof 9 S vk Aol SaFE & 4 A

(meter) (trip)
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§ < g 2
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&% s £ g3

5 &
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W Driving distance versus single area —— Number of runs compared to a single area

Figure 2. Distance and number of trips per km?
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3] &J& A BAYE ol Foh= Aol ol /N E FA X7t Aold FEo] . WA F5o] ofd 19 HE &
B o] E L Qlrt. o= FAA|7A| 9 o] F AR|7F Eal 850] w2 Feole dekitte A HEE AHI A
1:1 MHIAE R95ke Aol H 2t 4= la= onlett ¥, she+t-2 Bt 55 Q1¥e] 27325 Hat 1.3
sk 2871 ok ol So] 100910 71 AReka A 15812 2206] 14 o)4F o} 8 5 Q% 5lo] F95
o] AHIAE AFH 02 olgal i LS vhehict
Table 4. Service provision status
Based on 2022 operation data Based on the 2019 business plan
Number of Average
Region vehicles Average Average travel Fare per
number of . : Number of uses  Usage fee (KRW)
deployed oer fare distance  kilometer
(vehicles/km?) PASSENBErS (km)
Geoje—si 2.8 1 7,606 6.4 1,182 30times/month 1,200
per village
Geochang—gun 1.6 1.3 24,7724 14.1 1,752 17-46times/ 100 per vehicle
per village (at the township
office),
1,000 per person
(at Geochang
Market)
Gyeongju-si 0.3 1.3 6,452 5.6 1,159 5 times/ month 1,000
per household
Goryeong—gun 1.1 1 12,206 9.3 1,319 20 times/month 1,500
per person
Goseong—gun 0.4 1.3 15,112 7.7 1,967 15-80 times 1,200
Gochang—gun 0.3 1.4 5,744 3.1 1,878 7 times a week 1,000
Gimhae-si 1.1 1.5 5,227 3.6 1,469 45 times/month 1,200
per village (for 2 or more
persons)
Namhae-gun 0.8 1.4 18,389 9.6 1,922 Differentiated 100(per person)
distribution by village
Danyang-gun 0.9 1 10,779 7.6 1,420 Once/day 3,000(for 1 person),
2,000(for 2 persons),
1,000(for 3 persons),
1,000(for students)
Muju-gun 0.7 1 6,375 4.8 1,334 4 times/ month 100
per person
Mungyeong—si 3.2 1.3 7,946 6.4 1,236 24-200 1,500
one—way/month
(available twice a day)
Miryang—si 0.3 1.2 7,687 5.9 1,294 10-40 times 100

(One-way)
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Table 4. Service provision status (continued)

Based on 2022 operation data Based on the 2019 business plan
Number of Average Average
Region vehicles & Average travel Fare per
deploved number of fare distance  kilometer Number of uses  Usage fee (KRW)
ploy
(vehicles/km?) PA3<NEETS (km)
Buan-gun 0.6 1.7 21,231 10.9 1,956 2 times/day, 1,000
3 times/week
Sacheon—si 1.3 1 5,892 49 1,214 4 times/ month 1,000
per person
Sancheong—gun 1.8 1.1 6,659 5.8 1,157 4-6times/month 1,000
per village
Sangju—si 0.7 2.1 11,273 6.8 1,668 3 times a week 100
Suncheon-si 0.2 1 5,568 4.7 1,188 4 times/ month 100
per person
Yeongyang—gun 0.2 1 10,927 9.1 1,206 30-150times/month 1,300
per village (general),
1,000
(middle and high
school),
700
(elementary)
Yeongju-—si 0.4 1 12,263 9.4 1,302 10-12times/month 2,600
per village (for 1 person)
1,300
(for 2 or more
persons)
Yecheon—gun 0.8 2.3 14,229 11.1 1,284 4-10times/month 1,500
(for 1 person)
1,000
(for 2 or more
persons)
Uiryeong—gun 0.5 2.1 12,141 8.9 1,358 16-36times/village 1,000
(One—way)
Jangsu-gun 0.2 1.2 9,191 5.6 1,634 No limit 1,000(adult),
500(student)
Jeonju-si 0.3 1 4,722 3.4 1,375 60times/day 2,000
Jindo—gun 0.7 1 5,168 2.6 1,985 16times/month 100
Changnyeong—gun 0.5 1.1 12,687 7.5 1,700 22-80times/village 500
Cheongdo—gun 0.6 1 16,143 16.7 967 4 times/day 100(for 1 person)
Chungju-si 0.2 1.3 6,325 6 1,057 No limit 2,000
(for 1 person)
1,000
(for 2 or more
persons)
Pohang-si 0.1 1.4 7,331 6.4 1,150 2times/daty 1,200
per village
Hadong-gun 0.9 2.7 7,807 5.9 1,318 15times/month 100
Haman-gun 0.5 0.9 9,275 5 1,871 44-92times/month 1,500
per village
(One-way)
Hamyang—gun 0.8 1.7 6,953 33 2,087 44 times/month 1,200
per village,
twice/day
per person
Hapcheon-gun 0.4 L5 17,071 9 1,905 12-48times/village 1,000
Average 0.8 1.3 10,347 7,086 1,479 - -
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Table 6. Number of demand-dense areas & demand generation by clusters

Demand—dense .
Demand generation by clusters

Region areas
O D 1 2 3 4 5 6 7 8 Noise Sum
Geoje—si 8 8 453 380 362 222 192 188 179 151 433 17% 2,560
Geochang—gun 5 4 675 349 287 216 189 1,539  47% 3,255
Gyeongju-si 5 5 2,171 1,029 713 586 414 1,538  24% 6,451
Goryeong—gun 8 8 160 157 65 60 58 55 42 41 167 21% 805
Goseong—gun 5 4 2,643 1,132 589 549 489 3,460  39% 8,862
Gochang-gun 4 4 3372 2477 1,401 1,273 3,140  27% 11,663
Gimhae-si 6 7 673 295 277 264 237 186 517 21% 2,449
Namhae—gun 8 7 173 159 149 123 119 112 110 109 1,005 49% 2,059
Danyang—gun 8 8 380 363 299 222 178 169 128 120 376 17% 2,235
Muju—gun 6 5 1,981 1,460 1,328 1,206 898 747 6,545  46% 14,165
Mungyeong—si 4 4 925 902 619 235 1,461 35% 4,142
Miryang—si 4 4 1,695 1,184 1,109 510 2,139 32% 6,637
Buan-gun 5 5 402 197 192 151 146 1,187  52% 2,275
sacheon—si 4 5 2,331 1,850 1,706 1,072 2959  30% 9918
Sancheong—gun 5 5 2,774 1,655 1,213 1,154 904 2,576 25% 10,276
Sangju-si 7 7 268 225 126 122 115 95 86 548 35% 1,585
Suncheon-si 7 7 2,301 2,044 1,683 1,273 1,249 901 858 3,467  25% 13,776
Yeongyang—gun 4 5 2,046 842 386 329 2,158 3% 5,761
Yeongju—si 3 2 1,098 550 157 739 29% 2,544
Yecheon—gun 5 6 720 710 366 258 257 1,651 42% 3,962
Uiryeong—gun 3 2 1,898 440 434 2,208  44% 4,980
Jangsu—gun 6 5 2,699 1,797 1,656 1,647 1,372 948 7,100  41% 17,219
Jeonju-si 8 4 912 659 505 498 287 232 230 222 871 20% 4,416
Jindo—gun 6 6 1,173 693 496 420 417 250 388 10% 3,837
Changnyeong—gun 4 4 2,142 1,770 1,136 533 1,931 26% 7,512
Cheongdo—gun 8 8 128 86 86 85 83 67 58 49 63 9% 705
Chungju-si 5 5 275 171 92 64 40 129 17% 771
Pohang—si 7 6 604 558 309 309 280 246 243 2,208 46% 4,757
Hadong—gun 6 6 1,087 995 635 618 333 308 817 17% 4,793
Haman—gun 5 5 3,146 1,806 1,676 974 707 5,654  40% 13,963
Hamyang-gun 8 6 87 79 76 54 41 34 33 28 78 15% 510
Hapcheon—gun 5 5 3222 1982 1,182 1,030 845 5,678  41% 13,939
Average 5.52 5.4 - - - - - - - - 2,022 31% 6,024
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Table 7. Hourly Demand generation
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Figure 7. Regional clustering based on daily demand volume and daily operating vehicle count
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