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THE CALCULATION OF RESOURCE EFFICIENCY IN EACH AIR ROUTE OF
DOMESTIC AVIATION

Makoto MORINAGA, Takanori MATSUI and Hidebumi TSUKIOKA

The purpose of this study is developing a database which could be used to evaluate the economic as-
pect and the environmental load simultaneously in each airport to aiport route for domestic aviation. The
database contains the values of revenue passenger-kilometers per unit environmental load emission gus
such as HC, CO, NOx, Noise and CO, as the index of environmental efficiency. The data of revenue pas-
senger-kilometers are actual value in the statistic annual report by national government. The amount of
emission gus was estimated using ICAO database. The rank of 175 domestic air route evaluated by reve-
nue passenger-kilometers is totally different with the rank of by environmental efficiency. This suggests
the evaluation of environmental efficiency is needed in addition to economic-based evaluation toward en-

vironmentaly sustainable aviation transportation.
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SR BREE N AT — & N — R

RE+FO REXD |£ERIEZ| HCLTO CO_LTO Nox_LTO Noise LTO | kg-CO2.LTO | fiCO2 BEshE
[A-km] >y [[El] [Arkm-g=1] | [A-km-g=1] | [Akm-g=1] |[Akm*dB-1]| [A-km-kg=1] | [A*km-ke-1] >y

7.875.872,694 3 39,934 194.3 119 5.8 697.8 35.5 17.7 45
2,576,330.424 4 21,866 171.2 6.9 2.8 409.3 193 120 111
721,522,854 26 7,800 3142 17.5 10.1 938.9 58.2 35.8 12
7.914,077.580 2 36,500 327.2 14.5 6.6 775.7 423 18.0 34
8,466,644,746 1 20,536 332.6 223 9.8 1,450.1 62.5 216 15
643,751,048 30 7.199 126.2 10.5 10.1 327.1 36.7 16.8 62
273,248,291 55 2,918 118.4 5.7 2.7 3320 171 9.7 133
75,365,440 106 952 1389 12.8 8.8 289.7 334 184 62
685,111,230 27 7.369 125.6 10.3 10.5 340.1 379 154 65
837,139,245 18 4,365 246.1 20.2 17.3 696.8 69.2 19.2 9
546,777,594 35 2,423 322.9 15.9 7.9 810.9 48.6 19.6 27
364,316,290 48 9,628 70.8 48 6.0 141.6 20.7 13.6 136
779,819,384 23 1,688 582.0 36.8 212 1,657.6 114.7 426 1
1,878,964.780 7 11,067 22538 18.6 16.9 618.8 64.8 247 4
204,602,258 61 3,168 100.9 8.8 7.2 236.3 26.9 184 96
1.305.475.470 13 8514 200.5 16.4 15.2 558.7 58.2 224 16
665,710,440 29 2,191 3176 19.8 10.7 1,072.1 61.2 194 21
1.449,237.888 10 12,422 114.8 89 7.7 418.5 34.0 15.7 79
41,323,620 133 129 347.7 26.4 37.2 1171.7 126.2 28.7 2
121,310.425 80 936 12238 96 7.3 461.2 340 134 84
464,501,136 40 3634 1488 11.8 11.3 463.9 448 20.6 32
817,171,188 21 5617 162.1 89 42 510.7 257 13.7 90
735,452,148 24 5,090 132.3 10.3 71 5104 348 15.3 YAl
504,994,500 38 5,075 108.0 82 11.6 364.0 39.2 19.2 57
93,895,230 96 731 107.9 8.6 48 445.1 253 10.5 107
479,958,484 39 3,660 126.5 98 8.0 468.5 36.2 15.2 69
46,286,820 131 537 93.6 7.1 10.0 3153 339 14.8 97
332,281,230 49 4,357 75.4 58 5.2 2739 225 13.2 125
147,859,305 72 2,162 74.2 5.6 7.9 250.1 26.9 16.0 114
424,937,970 44 6.540 69.3 5.0 3.8 2332 19.1 11.8 138
60.367.756 118 1,441 45.5 35 49 153.2 16.5 10.7 149
11,696,643 163 724 48.8 3.0 41 61.4 12.7 9.9 160
165,291,291 69 2,900 540 42 3.2 20238 15.0 10.6 147
1.539.810 174 656 234721 1.0 1.6 9.1 3.8 45 155
1,391,056 175 272 51,1418 23 3.4 19.9 8.3 7.8 142
64,520,281 114 1,978 475 40 3.7 119.3 134 113 158
430,745,580 43 4,301 138.1 7.9 3.6 355.4 255 13.7 102
823,622,976 19 8,140 98.8 6.3 3.1 3523 18.1 123 122
76.917.310 103 1,452 57.5 44 6.2 193.8 209 15.9 131
60,452,534 117 2,160 84.6 52 8.1 106.3 220 15.3 121
565,284,505 33 5.715 109.2 7.4 6.1 357.7 28.8 18.0 93
188,715,644 62 2,855 100.5 8.6 7.4 241.8 274 16.5 99
315,155,328 51 3777 87.1 6.9 5.2 298.6 23.7 133 117
394,753,626 46 3764 1019 7.9 6.6 3753 295 16.5 93
53,517,535 123 723 80.4 6.1 8.6 2707 29.2 14.9 108
631,791,255 31 7.290 1176 6.4 3.7 312.7 230 120 118
1,461,945,560 9 12,254 157.2 83 46 42838 282 14.3 91
14,899,287 159 152 131.5 10.7 11.1 358.6 39.9 19.2 42
734,591,165 25 6,566 147.1 9.2 5.7 4034 35.2 13.1 85
554,196,693 34 7,261 74.2 57 48 273.1 215 13.2 131
817.974.216 20 8,743 108.0 7.5 46 334.1 258 13.1 115
1,217,410.878 14 8,746 178.6 9.7 5.1 4973 319 14.9 77
672,837,200 28 6,542 97.4 7.6 5.8 366.0 27.0 15.1 101
1.076.,198,998 16 12,264 138.7 12.1 9.8 321.1 36.6 17.8 53
331,613,190 50 3,159 140.8 11.5 11.9 384.0 42.8 183 39
1.580,949.594 8 10215 183.2 10.9 74 558.6 39.6 16.8 43
2,060.502,552 6 14,471 164.1 114 9.1 5149 445 18.7 38
1.039.792.448 17 9.490 109.8 85 79 3945 336 16.5 80
1,348,769.235 12 13,102 126.0 9.1 8.7 3752 384 16.4 66
2,434,526,523 5 15,394 190.9 12.2 8.3 5703 46.0 17.9 37
115,944,076 82 719 175.0 133 18.7 589.8 63.5 241 12
15,828,378 156 94 182.8 139 19.6 6159 66.3 18.9 20
140,559,680 73 746 2045 15.5 219 689.2 74.2 20.8 6
230,416,739 57 1070 213.0 16.5 14.6 7733 63.6 244 8
167,543,250 68 1.817 100.1 7.6 10.7 3373 36.3 322 59
33,942,615 141 1.442 25.6 1.9 2.7 86.1 9.3 12 166
4,602,090 170 553 83,2204 3.7 5.5 324 135 8.7 134
28,617.360 146 1.433 60.3 3.7 5.8 75.9 15.7 9.8 154
183,930,500 64 3,743 65.3 43 3.2 178.8 154 9.8 147
43,450,628 132 1,448 73.1 53 5.7 112.6 18.3 9.1 145
RE—ERE 24,555,580 150 270 159.6 14.7 10.1 33238 384 15.4 47
AIR—8IEE 13,810,232 160 100 2423 223 15.3 505.3 58.3 23.1 14
KBR—BJI 7,865,880 167 62 137.7 105 14.7 464.0 50.0 202 30
AiR—EFH 101,699,730 90 2214 138.8 85 133 174.5 36.1 18.6 67
AIR—1E% 110,024,550 88 2,354 1412 8.7 135 1775 36.8 21.1 50
KE—fh& 794,215,983 22 10,441 130.1 9.1 7.8 281.6 32.9 18.9 75
KIE—BE 107,897.959 89 3,606 150.6 7.2 11.2 114.8 29.6 15.4 93
RBR—LLft 60,313,330 119 2,175 83.8 5.1 8.0 105.3 21.8 133 130
76.340.516 105 3,323 78.1 46 7.1 87.5 19.2 132 137
210,470,559 60 6.407 103.5 6.0 8.9 125.1 26.0 175 105
13.479.414 161 723 202 1.5 2.2 68.2 7.3 6.8 168
2,094,030 173 100 209.403.0 93 13.9 816 340 226 44
182,012,670 65 7.999 55.2 35 3.9 858 139 124 155
KIR—=4l 84,229,200 98 6,513 23.3 1.7 2.1 483 6.9 74 169
AR—FRi5 188,197,720 63 4,357 69.0 4.9 72 161.0 227 15.0 129
AIR—fEAR 266,026,464 56 6.606 83.8 5.7 75 151.2 24.1 16.4 116
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SR BREBE N AT — & RN — R

4 REFD HEFO (FRERK| HCLTO CO_LTO Nox LTO Noise_LTO [ kg-CO2.LTO | &fiiCcO2 BIEE
[A-km] 2 (=] [A-km-g=1] | [A-km-g=1] | [A-km-g=1] |[A-km-dB-1]]| [A-km-kg=1] | [A-km-kg=1] vy

KB—K5 82,382,916 99 4,326 1533 5.6 8.5 73.5 22.1 16.8 105
AR—EH 293,432,208 52 6,931 73.1 54 6.2 157.4 214 15.4 128
KE—ERE 447,011,955 41 8.745 59.9 43 3.0 183.9 15.6 8.2 152
AR—FXE 79.943,837 101 794 109.3 83 1.7 368.3 39.7 19.9 49
A7 —FAE 111,851,271 85 1.095 110.9 8.4 119 373.6 40.2 17.7 57
B 7E—he )1l 64,672,626 113 639 109.9 8.4 11.8 370.2 399 15.0 68
| B P —%c i Al 54,143,586 122 366 160.6 12.2 17.2 541.1 58.3 20.7 24
BFE— R 79,162,272 102 1,103 1259 11.6 8.0 262.6 30.3 19.3 70
RS 95,967,108 95 1,110 151.7 14.0 9.6 316.3 36.5 235 40
|B8F—F1E 175.617.535 66 1.088 200.7 15.9 185 590.5 65.0 19.7 11
3 4 13,437,123 162 1,336 35.3 24 1.9 38.0 6.7 5.6 170
i A 4 25,953,384 148 2117 64.5 34 3.1 46.8 10.2 102 162
TR 9,431,037 166 1,405 67,1248 3.0 44 26.2 10.9 11.9 135
. 0 5,954,608 169 242 26.7 20 29 90.0 97 9.1 163
HFH—PiZE 34,892,704 138 2,156 161,840.0 7.2 10.7 63.1 26.3 211 73
3 e s 01 3,013,912 172 182 18.0 1.4 1.9 60.6 6.5 6.1 171
#F R 50,040,378 128 4,161 72.6 3.1 48 46.3 12.7 124 155
HIR—HFH 25,855,233 149 2,339 334 20 3.2 42.0 8.7 9.3 164
. s e =4 41,212,750 134 2,384 52.2 32 5.0 65.7 13.6 11.6 159
HFE—E 32,905,154 144 2,074 799 3.8 59 60.9 15.7 13.0 146
. s e/ 2124 122,078,118 79 1.451 91.3 6.9 9.8 307.7 33.1 19.1 86
FFE—A 33,535,747 143 723 140.1 8.6 134 176.2 36.5 18.7 62
WE—#F& 424,544,336 45 9,048 75.0 54 74 1748 242 16.2 119
E—RE 40,695,228 135 717 171.5 105 16.4 2156 44.6 244 35
WE—ME 274,065,510 54 717 321.2 254 142 1,324.5 75.3 19.7 7
BE—HTRE 69,922,800 109 1.422 53.4 4.1 57 179.9 19.4 11.4 141
BB Tk 112,369,670 84 2,995 61.8 44 6.3 140.1 20.1 125 138
—AE 66,745,890 112 470 154.2 11.7 16.5 5194 559 16.3 31
BW—$F 47.733.875 129 720 720 55 1.1 242.5 26.1 13.8 120
&R—FFE 66.781,883 111 725 100.0 76 10.7 336.9 36.3 17.8 78
RME 15,664,464 157 703 67.3 4.1 6.4 84.6 175 134 140
FHRE—H T 81,201,129 100 1,043 1243 89 12.9 290.1 40.9 18.2 52
#HE—186E 72,459,216 108 1,570 139.4 8.6 13.3 1753 36.3 195 60
#5E—HE 100.509.696 92 718 152.0 11.6 16.3 512.0 55.1 185 29
EHE—BEH 51,801,365 126 1.222 128.1 79 12.3 161.0 33.3 195 72
LEHE{E% 52,301,568 125 1314 120.3 74 11.5 151.2 31.3 20.1 80
AEE—HB 18,739,215 155 902 62.8 3.9 6.0 78.9 16.3 14.2 144
ZEE_1EE 162,322,500 70 3987 1230 7.5 11.8 154.7 32.0 189 82
HEE—fEX 57,165,270 121 1.455 118.7 7.3 114 1492 30.9 18.4 89
i EAR 89,479,680 97 1,033 152.0 14.0 9.6 316.9 36.5 18.4 46
chEf—8 )l 75.043,020 107 728 111.9 85 12.0 377.0 40.6 17.3 55
P2 R 76,825,512 104 728 114.6 8.7 123 386.0 41.6 16.7 51
Lok 1.143.422,712 15 9,865 134.8 10.8 9.6 419.7 39.2 174 48
FE—IE 159,340,896 il 4173 153.0 8.1 121 146.0 34.1 225 61
hE—FKE 46,528,293 130 1.438 323,562.5 144 21.4 126.1 52.5 259 25
| R il—$7E 31,227,885 145 1,421 219.759.9 9.8 14.6 85.6 35.7 239 41
AL 52,393,728 124 2178 240,558.9 10.7 15.9 937 39.1 25.0 36
i8R 443,560,896 42 7.084 84.9 6.6 7.8 2302 27.0 15.9 110
iR 101,610,260 91 1.455 75.8 58 8.1 2554 21.5 16.0 109
thEf—fEA 112,434,750 83 2,181 103.7 15 8.1 192.5 28.0 16.9 100
hE—k5 38.459.304 136 1.436 80.9 5.0 1.1 101.7 211 155 125
P —E 122,255,640 77 2,174 69.9 55 6.4 205.7 22.6 145 122
hi-ERE 228.434,908 59 2915 97.5 11 9.0 286.7 316 18.7 88
b IE 1,369.769.520 11 7,522 189.2 14.7 134 656.1 56.6 19.8 23
|sh#—F1E 37,594,834 137 182 224.2 17.0 24.0 7555 814 224 3
HE—H TR 539,170,992 36 3,625 1615 123 17.3 5440 58.6 25.0 18
HE—TY 99,379,500 94 1,322 81.6 6.2 8.7 275.0 29.6 18.9 98
HE—FRIg 228.762,300 58 2,896 857 6.5 9.2 288.9 31.1 21.8 87
HE—H 591,739,200 32 3,941 163.0 124 174 549.2 59.1 237 18
BL—$F i 62.461,908 116 368 184.2 14.0 19.7 620.8 66.8 28.4 5
LEE—#T& 116,637,700 81 768 203.7 16.6 17.2 555.6 61.9 239 10
|Ee—E 174,617,253 67 1,405 104.4 8.3 46 4306 245 100 112
= —AER 133.590.690 74 718 156.4 124 6.9 644.7 36.7 139 56
1B —1E% 21,588,714 153 564 115.6 71 11.1 145.4 30.1 116 104
EE—IE 291.291.520 53 3,692 160.4 10.9 16.2 296.6 48.8 20.8 32
1B —%8 129,930,932 76 2,007 89.4 6.6 9.4 2398 30.6 14.4 103
1BE—%iR 99,898,724 93 1.459 297.2 145 20.9 2625 62.4 35.0 22
33,766,620 142 720 141.7 8.7 13.6 178.2 36.9 19.2 54
22.671.671 152 2,154 31.8 2.0 3.0 40.0 8.3 7.2 167
24,154,000 151 2930 82,436.9 3.7 55 321 134 13.8 127
34,622,940 140 2,864 13.1 1.0 14 442 4.8 6.8 172
122,115,390 8 9,083 30.7 2.0 3.1 50.7 9.0 9.1 165
21,126,770 154 217 105.7 8.0 113 356.1 38.3 15.2 76
3,968,370 171 1,372 28,9240 1.3 19 113 4.7 6.4 152
6.323.812 168 2,054 30.787.8 14 20 12.0 5.0 6.8 150
14,984,718 158 2,999 49,965.7 2.2 3.3 195 8.1 9.5 142
50.861.190 127 720 76.7 5.8 8.2 258.4 2738 149 113
HEA—IRE 62,891,850 115 719 95.0 72 102 319.9 344 18.5 83
=I5 58.216.148 120 718 88.0 6.7 94 296.6 31.9 17.8 92
ERE—HH 132,349,832 75 2,153 66.7 5.1 71 2248 242 14.1 122
231 28,317,952 147 171 179.8 13.7 19.2 605.7 65.2 19.6 17
|BE—2iR 111,244,734 86 770 156.8 11.9 16.8 528.4 56.9 19.3 26
— 110,789,480 87 796 151.1 115 16.2 509.1 54.8 221 28
|ZBEE—# L0 67.671,072 110 718 102.3 738 11.0 3447 37.1 16.7 74
BE—AKES 34,886,276 139 4,807 7.9 06 0.8 26.5 2.9 44 174
MEB—=E 375.261,568 47 13,079 31.1 24 33 104.9 11.3 10.8 161
|HRE—HE 534,739,184 37 13,787 42.3 32 45 142.4 15.3 13.0 151
EH—AiE 10,259,895 165 2227 5.0 04 0.5 16.9 1.8 26 175
ABE—5E 10.310.440 164 1,109 10.1 0.8 1.4 34.0 3.7 5.7 173




