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Abstract

There has been a growing interest on the effect of volcanic eruption on the aviation safety, air travel
and economy especially after the eruption of Eyjafjallajokull in Iceland. Since volcanic eruption is
influential on a large geographic region, the effect usually extends to other neighboring countries. Korea
also has an active volcano named Mountain Baekdu. Hence, the need to estimate in advance the
quantitative impact of the potential eruption of Mt. Baekdu on South Korean air transportation system.
However, previous studies with quantitative estimation were confined to the calculation of the direct
economic loss from shut down of the airports, grounding of airlines, and trade deficits caused by the
eruption. Therefore, this paper introduces a new approach to assess more accurate impact
simultaneously considering volcanic ash dispersal and aviation routes. This approach is then applied to a
virtual scenario to predict the damage to air traffic. With further development, this method can help
estimate the damage in the air transportation industry in more accurate and faster ways. Prediction
outcomes can also be utilized in setting up the emergency response plan for the air transportation
industry and contribute to the creation of more proactive and predictive measures in the future.
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ICAO EUR/NAT Approach g

2 x 10 g/m?®

MEDIUM

Low

[FORNAL GPERATIONs |
m: No Fly Zone (NFZ) > 4mg / m*
B Enhanced Procedure Zone (EPZ; Prior Permission)
2~dmg / m’
H: Enhanced Procedure Zone (EPZ; Time limited)
0.2~2 mg / m*
O: Normal Zone < 0.2 mg / m’

Figure 1. Volcanic concentration zone (Kim K. Y. et al., 2013)
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Table 1. Significant volcanic ash events (Boeing 2011)
Year Volcano Country
1980 Mt. St. Helens United States
1982 Galunggung Volcano Indonesia
1989 Mt. Redoubt United States
1991 Mt. Pinatubo Philippines
2010 M:t. Eyjafjallajokull Iceland
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Figure 2. Quantification algorithm and study process
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Figure 3. Distribution of particles emitted from the Mt. Baegdu under VEI 4 at 24(Left) and 48(right) hours after release, Lee et
al.(2012)

322

Journal of Korean Society of Transportation Vol.34 No.4 August 2016



LEE, Jiseon + YOON, Yoonjin Article

AR

(GMP), ZNPUS) ® AEE D 4] F2.35k0] Fuhe] 4] 157] 39 4] £6352) 08%(H A5 3

712)& ARSI YUTHTable 2). AL FUFZRES Toket A, Ahe] o] 4w FELE
s 15710 TRl 47he] aTee] FAF RO FHsto] ATES Sadstel

Table 2. Total number of flights, passengers and rate per month for departure/arrivals (international/domestic) (2013.08)

Number of flights Number of passengers Number of flights Number of passengers

(Domestic) (Domestic) (International) (International)
Int. Major ICN 320 2.22% 40,450 1.89% 23,457 76.29% 3,992,980 77.89%
Airports GMP 5,063  35.08% 740,752 34.59% 1,796 5.84% 378,799 7.39%
PUS 1,775 12.30% 226,564 10.58% 3,346  10.88% 432,361 8.43%
CJu 5,391  37.35% 923,832 43.14% 1,531 4.98% 239,571 4.67%
Major airport ratio 86.94% 90.21% 97.99% 98.38%
Others  CJJ 340 2.36% 51,310 2.40% 225 0.73% 33,010 0.64%
TAE 333 2.31% 42,687 1.99% 154 0.50% 18,398 0.36%
MWX 9 0.06% 618 0.03% 186 0.60% 23911 0.47%
YNY 0 0.00% 0 0.00% 54 0.18% 7,700 0.15%
Dom. KW]J 458 3.17% 53,939 2.52%
Airorts RSU 251 1.74% 18516  0.86%
USN 217 1.50% 17,895 0.84%
KPO 134 0.93% 9,516 0.44%
KUV 62 0.43% 8,108 0.38%
WU 31 0.21% 3,574 0.17%
HIN 50 0.35% 3,564 0.17%
Others ratio 13.06% 9.79% 2.01% 1.62%
A 14,434 100.00% 2,141,325 100.00% 30,749 5,126,730
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Figure 4. Air traffic routes (Google earth)
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o2 UrERATHTable 3). 7154 %7142} 43
o FENEY GLEA A e 7)o

™, =4 HlolH o] 15 glolef et sig A o] SA =t v 245k HH(Table 4). =il A 7H:
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Table 3. Number of flights for routes (ICN, GMP, PUS and CJU) (data : 2013.09.21.-2013.09.27.)

Route Mon Tue Wed Thu Fri Sat Sun Total/Ratio
ICN G597_B467 6 9 6 6 10 8 8 4460
G597_R 77 69 79 70 74 78 82 (76.9%)
G585 71 66 66 66 69 69 72
A582 U 41 38 41 38 48 46 48
Y711 136 122 136 138 133 151 149
Y722 130 133 123 132 141 143 142
G597_L 85 84 85 83 87 87 88
Y644 82 81 89 82 84 83 90
Total 628 602 625 615 646 665 679
GMP G597 R 19 19 19 19 19 19 19 406
G585 19 19 19 19 19 19 19 (7%)
Y711 6 6 6 6 6 6 6
Y722 6 6 6 6 6 6 6
G597_L 4 4 4 4 4 4 4
Y644 4 4 4 4 4 4 4
Total 58 58 58 58 58 58 58
PUS A586_R 12 16 12 14 12 16 12 737
A582 D 14 14 12 14 13 15 14 (12.7%)
A582 U 14 13 16 13 18 14 14
A586_L 50 42 48 51 48 44 50
G203 16 16 16 16 16 16 16
Total 106 101 104 108 107 105 106
CJu Y711 14 8 8 13 14 9 11 196
Y722 14 8 8 13 14 9 11 (3.4%)
A595 6 5 7 4 8 4 8
Total 34 21 23 30 36 22 30
Total 826 782 810 811 847 850 873 5799

Table 4. Compare the collected data with statistical data from MOLIT(Ministry of Land, Infrastucture and Transport)

Region (DATA: 2013.09.21.-27.) MOLIT(2013.09)

number of flights ratio number of flights ratio
Japan 1,386 23.90 6,179 22.08
China 1,704 29.38 8,084 28.89
Northeast Asia 510 8.79 2,496 8.92
Southeast Asia 1,162 20.04 5,147 18.39
America 344 5.93 2,583 9.23
Europe 371 6.40 2,015 7.20
Oceania 220 3.79 930 3.32
Etc* 102 1.76 547 1.95
Total 5,799 100 27,981 100

*Etc: Southwest Asia, Africa.
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Figure 6. Hypothetical scenario - 4 steps (Google earth)
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Table 5. The number of cancelled flights (scheduled flights: 5,799)

Eruption day Monday Tuesday Wednesday ~ Thursday Friday Saturday Sunday
Cancelled flights 4,443 4,481 4,440 4,417 4,374 4,376 4,387
Rate(%) 76.6 71.3 76.6 76.2 75.4 75.5 75.7
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Figure 7. Cancelled flights rate(1 day) and cumulative average rate
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Table 6. Cancelled flights rate(1 day) and cumulative average rate (major airports)
ICN GMP PUS CJU
1% day 13.0% 32.8% 13.7% 0.0%
2" day 30.7% 65.5% 100.0% 0.0%
3¢ day 73.2% 86.2% 100.0% 100.0%
47 day 100.0%
Average 73.8% 83.5% 87.7% 71.4%
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Table 7. Estimate of impact of passengers with the scenario

Statical data from MOLIT Passenger impact
Number of  Total number of ~ Number of Cancelled Total impact pax
flights pax pax/flight flights
ICN Japan 3669 521,637 142.17 724 102,931.08
China 5802 834,335 143.80 788 113,314.40
Northeast Asia 1933 348,800 180.44 274 49,440.56
Southeast Asia 4517 744,621 164.85 755 124,461.75
America 2530 337,966 133.58 323 43,146.34
Europe 1947 306,343 157.34 222 34,929.48
Oceania 930 163,397 175.70 185 32,504.50
Etc 547 92,000 168.19 67 11,268.73
GMP Japan 1137 220,754 194.15 247 47,955.05
China 477 97,143 203.65 72 14,662.80
Northeast Asia 118 15,905 134.79 20 2,695.80
PUS Japan 1197 122,874 102.65 258 26,483.70
China 869 101,444 116.74 170 19,845.80
Northeast Asia 333 41,799 125.52 69 8,660.88
Southeast Asia 629 87,978 139.87 129 18,043.23
America 53 5,472 103.25 12 12,390.00
Europe 68 4,484 65.94 14 923.16
CJu Japan 176 20,807 118.22 30 3,546.60
China 936 144,025 153.87 118 18,156.66
Northeast Asia 112 13,239 118.21 4 472.84
Total 27980 3,687,274 2,842.93 4481 674,682.36
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