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Abstract

Emissions of air pollutants and greenhouse gases (GHGs) from aircraft activities at 11 small-scale airports were
investigated using the emissions and dispersion modeling system (EDMS) version 5.1.3 during the two year period of
2009~2010. The number of landing and take-off (LTO) at these airports was dominant for the aircraft type B737, accounting
for more than 60% of the total LTOs. Out of the 11 small-scale airports, Gwangju (GJ, RKJJ) airport was the largest emitter
of air pollutants and GHGs, whereas Yangyang (Y'Y, RKNY) airport was the smallest emitter. The emissions of NOy and
VOCs in 2010 at the 11 airports ranged from 1.9 to 83 ton/y and 0.1 to 17 ton/y, respectively. In 2010, the emissions of CO»
ranged from 394 to 21,217 ton/y. The emissions of most air pollutants (except for NOy and PM,o) and GHGs were estimated
to be the highest in taxi-out mode. The highest emissions of NOx and PMio were emitted from climb-out and approach
modes, respectively. In addition, the total LTOs at the 11 small-scale airports accounted for the range of 9.3~9.9% of those
at four major international airports in Korea. The total emissions of air pollutants and GHGs at the 11 airports ranged from
4.8 to 12% of those at the four major airports.
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Table 1. Characteristics of the 11 small scale airports
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Fig. 1. Geographical location of 11 small scale airports
(Daegu: RKTN, Gwangju: RKJJ, Muan: RKJB,
Cheongju: RKTU, Yeosu: RKJY, Ulsan: RKPU,
Sacheon: RKPS, Pohang: RKTH, Gunsan: RKJK,
Wonju: RKNW, and Yangyang: RKNY).
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Table 2. Monthly variation of LTOs at 11 small scale airports during two-year period of 2009-2010

RKTN RKJJ]  RKIB RKTU RKJY RKPU RKPS RKTH RKIK RKNW RKNY
1 703 930 98 698 493 807 212 370 52 56
2 661 791 70 620 394 698 160 316 82 54 -
3 732 917 104 670 496 792 202 356 122 58 -
4 678 875 110 644 465 746 192 302 112 58 -
5 7117 912 116 721 490 776 204 312 124 62 -
6 670 895 74 715 480 750 186 300 118 60 -
2009 7 738 904 82 842 460 730 192 276 120 56 -
8 738 930 106 859 490 773 204 292 122 62 -
9 652 878 62 723 486 770 194 304 120 60 -
10 668 937 78 804 487 787 215 308 124 62 -
11 632 894 66 778 466 760 197 292 118 60 -
12 668 884 66 805 500 800 200 318 110 58 -
TOTAL 8257 10747 1032 8879 5707 9189 2358 3746 1324 706 0
1 677 845 102 779 458 736 186 298 108 52 -
2 633 835 104 785 442 706 180 276 106 52 -
3 686 906 107 805 488 757 196 298 122 59 -
4 679 882 104 774 461 759 182 300 108 58 -
5 718 892 132 759 440 720 184 307 118 62 16
6 672 834 88 683 480 706 180 300 114 58 20
2010 7 732 858 79 734 482 696 154 312 122 55 34
8 744 851 81 832 490 708 148 310 125 54 36
9 669 824 59 769 485 694 139 299 118 58 16
10 716 850 87 779 498 736 144 330 124 56 12
11 674 870 51 753 437 684 142 248 118 58 -
12 687 868 64 733 497 730 148 320 104 51 -
TOTAL 8287 10315 1058 9185 5658 8632 1983 3598 1387 673 134
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Fig. 2. The number of annual LTOs at 11 small scale airports
during the period of 2009-2010. The aircraft type of
“others” represents aircrafts excluding B737, B767,
B777, A300, A330, and IL62.
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Table 3. Variation of seasonally averaged emissions of air pollutants and GHGs at all 11 small scale airport during two-year
period of 20092010 (ton/season)

Year Season CO NOx VOCs PM; N,O CH,4 CO, H,O
Spring 134 69 24 0.75 0.38 -0.024 20,931 8,202

2009 Summer 135 71 23 0.77 0.39 -0.024 21,444 8,381
Fall 135 65 25 0.75 0.37 -0.022 20,321 7,944

Winter 131 64 24 0.73 0.36 -0.021 19,934 7,793

Spring 131 87 23 0.77 0.43 -0.035 23,991 9,379

2010 Summer 128 87 20 0.75 0.43 -0.035 23,741 9,281
Fall 125 88 22 0.74 0.43 -0.036 23,639 9,241

Winter 126 79 23 0.74 0.40 -0.030 22,156 8,660

Table 4. Emissions of air pollutants such as CO, NOx, VOCs, and PM, for aircraft operational mode at small scale airport
during study period (ton/y)

(60] NOx VOCs PMio
2009 2010 2009 2010 2009 2010 2009 2010
Approach 14.1 12.6 7.6 8.9 3.1 2.7 0.2 0.2
Climb Out 3.1 2.9 23.7 279 0.1 0.1 0.1 0.1
Startup - - - - 1.5 1.5 - -
RKTN Takeoff 12 1.1 11.6 13.8 <0.1 <0.1 <0.1 <0.1
Taxi In 17.7 17.6 2.3 2.5 2.8 2.7 <0.1 <0.1
Taxi Out 47.9 47.9 6.2 6.8 7.6 7.3 0.1 0.1
Total 84.0 82.0 51.5 59.9 15.1 14.3 0.5 0.5
Approach 18.3 13.8 9.8 12.3 4.0 2.9 0.3 0.2
Climb Out 4.1 3.2 30.5 38.8 0.1 0.1 0.1 0.1
Startup - - - - 1.9 2.0 - -
RKJJ Takeoff 1.6 12 15.0 19.2 0.1 0.1 <0.1 0.1
Taxi In 232 22.0 2.9 33 3.7 32 0.1 0.1
Taxi Out 62.9 59.5 8.0 9.1 10.0 8.6 0.2 0.2
Total 110.1 99.8 66.2 82.7 19.8 16.8 0.6 0.6
Approach 13 1.0 1.3 1.6 0.3 0.2 <0.1 <0.1
Climb Out 0.3 0.3 4.1 5.1 <0.1 <0.1 <0.1 <0.1
Startup - - - - 0.2 0.2 - -
RKJB Takeoff 0.1 0.1 2.0 2.5 <0.1 <0.1 <0.1 <0.1
Taxi In 2.2 22 0.3 0.4 0.3 0.3 <0.1 <0.1
Taxi Out 5.9 6.0 0.9 1.1 0.8 0.8 <0.1 <0.1
Total 9.9 9.6 8.7 10.7 1.6 1.5 0.1 0.1
Approach 14.5 14.8 6.7 9.0 3.2 3.2 0.2 0.2
Climb Out 32 33 22.4 28.5 0.1 0.1 0.1 0.1
Startup - - - - 1.4 1.6 - -
RKTU Takeoff 12 1.3 10.9 14.0 <0.1 <0.1 <0.1 <0.1
Taxi In 16.5 19.2 2.3 2.7 2.6 3.0 0.1 0.1
Taxi Out 44.7 52.1 6.2 7.3 7.2 8.1 0.1 0.1
Total 80.2 90.7 48.6 61.5 14.6 16.1 0.6 0.6
Approach 11.2 9.4 4.1 5.3 2.5 2.1 0.1 0.1
Climb Out 2.5 2.1 12.4 16.4 0.1 0.1 <0.1 0.1
Startup - - - - 0.9 1.0 - -
RKJY Takeoff 0.9 0.8 6.0 8.1 <0.1 <0.1 <0.1 <0.1
Taxi In 12.4 12.2 1.3 1.6 2.1 1.9 <0.1 <0.1
Taxi Out 337 33.1 3.6 4.2 5.7 5.2 0.1 0.1

Total 60.7 57.6 27.5 35.6 11.4 10.3 0.3 0.3
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Table 4. Continue
(6[0] NOx VOCs PMio
2009 2010 2009 2010 2009 2010 2009 2010
Approach 19.3 15.0 5.7 7.8 43 33 0.2 0.2
Climb Out 42 34 17.1 24.0 0.1 0.1 0.1 0.1
Startup - - - - 1.5 1.5 - -
RKPU Takeoff 1.6 1.3 8.3 11.8 <0.1 <0.1 <0.1 <0.1
Taxi In 20.1 18.6 2.0 2.3 35 3.0 <0.1 <0.1
Taxi Out 54.6 50.6 5.5 6.4 9.6 8.2 0.1 0.1
Total 99.7 88.9 38.6 522 19.1 16.1 0.5 0.5
Approach 5.4 45 1.1 1.0 1.2 1.0 0.1 0.1
Climb Out 1.2 1.0 3.2 29 <0.1 <0.1 <0.1 <0.1
Startup - - - - 0.4 0.3 - -
RKPS Takeoff 0.4 0.4 1.5 1.4 <0.1 <0.1 <0.1 <0.1
Taxi In 5.2 44 0.5 0.4 1.0 0.8 <0.1 <0.1
Taxi Out 14.1 11.8 1.2 1.1 2.6 22 <0.1 <0.1
Total 26.3 22.0 7.6 6.7 52 43 0.1 0.1
Approach 8.3 6.1 2.0 34 1.9 1.3 0.1 0.1
Climb Out 1.8 1.4 5.8 10.4 <0.1 <0.1 <0.1 <0.1
Startup - - - - 0.6 0.6 - -
RKTH Takeoff 0.7 0.5 2.8 5.1 <0.1 <0.1 <0.1 <0.1
Taxi In 8.2 7.8 0.8 1.0 1.5 1.2 <0.1 <0.1
Taxi Out 22.3 21.0 2.0 2.7 4.0 33 <0.1 0.1
Total 41.3 36.7 13.3 22.5 8.0 6.6 0.2 0.2
Approach 3.0 32 0.6 0.7 0.7 0.7 <0.1 <0.1
Climb Out 0.7 0.7 1.8 1.9 <0.1 <0.1 <0.1 <0.1
Startup - - - - 0.2 0.2 - -
RKIJIK Takeoff 0.2 0.3 0.9 0.9 <0.1 <0.1 <0.1 <0.1
Taxi In 2.9 3.1 0.3 0.3 0.5 0.6 <0.1 <0.1
Taxi Out 7.9 8.3 0.7 0.7 1.5 1.5 <0.1 <0.1
Total 14.8 15.5 43 4.5 29 3.0 0.1 0.1
Approach 1.6 1.6 0.4 0.3 0.4 0.4 0.0 0.0
Climb Out 0.3 0.3 1.0 1.0 <0.1 <0.1 <0.1 <0.1
Startup - - - - 0.1 0.1 - -
RKNW Takeoff 0.1 0.1 0.5 0.5 <0.1 <0.1 <0.1 <0.1
Taxi In 1.6 1.5 0.1 0.1 0.3 0.3 <0.1 <0.1
Taxi Out 4.2 4.0 0.4 0.4 0.8 0.7 <0.1 <0.1
Total 7.9 7.5 2.4 2.2 1.6 1.5 <0.1 <0.1
Approach - <0.1 - 0.3 - <0.1 - <0.1
Climb Out - <0.1 - 0.9 - <0.1 - <0.1
Startup - <0.1 - <0.1 - <0.1 - <0.1
RKNY Takeoff - <0.1 - 0.5 - <0.1 - <0.1
Taxi In - 0.3 - 0.1 - <0.1 - <0.1
Taxi Out - 0.7 - 0.2 - 0.1 - <0.1
Total - 1.1 - 1.9 - 0.1 - <0.1
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Fig. 3. Emissions of air pollutants and GHGs at 11 small scale airports in 2010.
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Table 5. Emissions of GHGs such as N,O, CHs, CO,, and H,O for aircraft operational mode at small scale airport (“N,O, CHa:
kgly; "CO,, H,0: ton/y)

N,O *CH4 °CO; "H,0
2009 2010 2009 2010 2009 2010 2009 2010
Approach 473 51.8 43.1 -47.1 2,662 2913 1,037 1,135
Climb Out 30.2 333 -76.1 -83.9 4,129 4,553 1,612 1,777
Startup 0.6 0.6 1.0 1.0 - - 4 4
RKTN Takeoff 10.2 11.2 -30.0 -33.2 1,599 1,768 624 690
Taxi In 46.7 50.4 34.6 37.4 1,655 1,785 645 696
Taxi Out 126.8 136.9 94.0 101.5 4,482 4,840 1,750 1,889
Total 261.8 284.2 -19.6 -24.3 14,527 15,858 5,672 6,190
Approach 61.8 69.4 -56.3 -63.2 3,479 3,904 1,356 1,521
Climb Out 39.5 44.8 -99.6 -113.1 5,408 6,136 2,110 2,394
Startup 0.7 0.8 1.3 1.3 - - 5 5
RKJJ Takeoff 13.3 15.2 -39.3 -44.8 2,095 2,390 817 932
Taxi In 60.9 66.9 452 49.6 2,156 2,368 840 923
Taxi Out 165.3 181.5 122.6 134.6 5,848 6,418 2,281 2,504
Total 341.6 378.5 26.2 -35.6 18,987 21,217 7,409 8,280
Approach 7.2 8.3 -6.5 1.6 402 466 157 182
Climb Out 4.6 5.4 -11.7 -13.7 634 737 248 289
Startup 0.1 0.1 0.1 0.1 - - 1 1
RKJB Takeoff 1.6 1.8 4.6 5.4 247 288 97 113
Taxi In 6.9 7.8 5.1 5.8 243 277 95 108
Taxi Out 18.7 21.3 13.9 15.8 659 748 258 293
Total 39.1 44.7 -3.8 4.9 2,185 2,516 856 986
Approach 449 54.6 -40.9 -49.7 2,526 3,073 985 1,198
Climb Out 28.4 349 -71.6 -88.1 3,885 4,780 1,516 1,865
Startup 0.5 0.6 1.0 1.1 - - 4 4
RKTU Takeoff 9.5 11.8 28.1 -34.7 1,502 1,854 586 723
Taxi In 46.4 54.0 344 40.1 1,642 1,912 640 745
Taxi Out 126.0 146.6 934 108.7 4,456 5,184 1,738 2,023
Total 255.8 302.6 -11.8 -22.7 14,011 16,803 5,469 6,558
Approach 28.9 33.0 26.3 -30.0 1,613 1,842 633 723
Climb Out 18.2 21.1 -46.0 -53.2 2,483 2,871 974 1,126
Startup 0.4 0.4 0.6 0.7 - - 2 2
RKIJY Takeoff 6.1 7.1 -18.0 21.0 957 1,113 376 437
Taxi In 29.0 324 21.5 24.0 1,020 1,139 400 447
Taxi Out 78.7 88.0 584 65.2 2,769 3,093 1,086 1,214
Total 161.3 181.9 9.8 -14.3 8,842 10,059 3,471 3,949
Approach 432 48.8 -39.3 -44.4 2,422 2,737 947 1,070
Climb Out 27.1 31.1 -68.3 -78.5 3,700 4,252 1,446 1,662
Startup 0.6 0.6 1.0 1.0 - - 4 4
RKPU Takeoff 9.0 10.5 26.7 -30.9 1,422 1,646 556 643
Taxi In 43.9 48.2 32.6 35.7 1,551 1,701 606 665
Taxi Out 119.3 130.8 88.4 97.0 4,211 4,617 1,645 1,804
Total 243.0 269.9 -12.3 -20.1 13,306 14,954 5,203 5,848
Approach 10.0 8.6 9.1 7.8 560 481 218 188
Climb Out 6.2 5.3 -15.6 -13.4 844 727 329 284
Startup 0.1 0.1 0.2 0.2 - - 1 1
RKPS Takeoff 2.0 1.8 -6.0 5.2 322 278 126 109
Taxi In 10.3 8.9 7.7 6.6 366 313 143 122
Taxi Out 28.1 24.0 20.8 17.8 992 849 387 332

Total 56.7 48.6 -1.9 -1.8 3,085 2,648 1,205 1,034
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Table 5. Continue
"N,0 'CH, °CO, °H,0
2009 2010 2009 2010 2009 2010 2009 2010
Approach 16.4 20.8 -14.9 -19.0 922 1,171 360 456
Climb Out 10.2 133 25.8 33.6 1,397 1,819 545 710
Startup 0.2 0.2 0.4 0.4 - - 1 2
RKTH Takeoff 34 45 -10.0 -13.2 535 705 209 275
Taxi In 16.9 20.5 12.5 15.2 598 725 233 283
Taxi Out 459 55.6 34.0 412 1,622 1,964 633 767
Total 93.0 114.9 3.8 8.9 5,074 6,384 1,981 2,493
Approach 5.6 5.9 5.1 5.4 317 333 124 130
Climb Out 35 3.7 8.8 92 478 500 187 196
Startup 0.1 0.1 0.1 0.1 - - <1 1
RKJK Takeoff 12 12 34 3.6 183 191 71 75
Taxi In 5.9 6.1 43 46 207 218 81 85
Taxi Out 15.9 16.7 11.8 12.4 562 588 220 230
Total 322 33.7 -1.1 -1.1 1,747 1,829 683 715
Approach 3.1 29 2.8 2.7 170 163 67 64
Climb Out 1.9 18 4.8 4.6 257 244 102 97
Startup <0.1 <0.1 0.1 0.1 - - <1 0
RKNW Takeoff 0.6 0.6 1.9 1.8 98 93 39 37
Taxi In 3.2 3.0 2.4 23 111 106 44 42
Taxi Out 8.7 8.3 6.4 6.1 302 288 120 114
Total 175 16.7 0.6 0.6 939 894 372 355
Approach - 13 - -1.2 - 73 - 28
Climb Out - 0.9 - 22 - 117 - 46
Startup - <0.1 - <0.1 - <1 - <1
RKNY Takeoff - 0.3 - 0.9 - 46 - 18
Taxi In - 12 - 0.9 - 43 - 17
Taxi Out - 33 - 2.4 - 116 - 45
Total - 6.9 - 0.9 - 394 - 154

Table 6. Intercomparison of emissions of air

pollutants and GHGs between small scale airports and 4 major airports (ton/y)

Small scale

Sum of 4 major

airports RKSI RKPK RKSS RKPC airports All airports
2009/2010 2009/2010 2009/2010 2009/2010 2009/2010 2009/2010 2009/2010
Co 535/512 1606/1754 547/570 1022/1041 813/884 3988/4249 4523/4760
NOx 269/340 3407/3648 335/332 750/786 532/600 5026/5366 5294/5707
VOCs 99/91 298/314 101/104 184/186 148/156 731/761 831/851
PM,o 3/3 17/31 3/4 717 5/6 33/35 83/85
€O, 82703/93558  628465/674762 96433/97147 198921/205242 152209/168535 1076028/1145686 1158731/1239244
CHa 0.1/0.1 -0.1/0.1 0.1/0.1 -0.2/0.2 -0.2/0.2 -1.8/1.9 -1.9/2.0
N0 2/2 9/10 2/2 3/4 3/3 17/18 19/20
H0 32320/36562  201786/219737 35744/37568  71572/77411  57209/65794  366311/400512  398631/437074
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Fig. 4. Total emission of air pollutants and GHGs emitted by aircraft operational mode from all 11 small scale airports.
Emissions of PM;y N>O, and CH4 were original values by multiplied by 10, 10, and -10, respectively.
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