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Populations (millions)
Istanbul 138
Ankara 49 ¢
1zmir 4.0
Bursa 26 |
Adana 21 ‘l
Antalya 20 '
Konya 20 .
Kayseri 1.2 (
Eskisehir 0.7
Afyon 0.7 \
Sivas 0.6 .
Erzincan 02 Lo " - &
e, e P —p P
—— Rail lines
HSR lines
----- Air lines
Figure 1 Turkish Intercity Network
Table 1 Line Parameters
Lines Travel Time Fare Frequency Cons. Cost
Old New Old New Old New Billion $
Istanbul-Eskisehir (al) 209 91 20 55 10 100 2121
Bursa-Eskisehir  (a2) - 60 - 40 - 100 1.456
Eskisehir-Ankara (a3) 170 69 16 40 10 100 1.610
Ankara-Konya  (a4) - 64 - 40 - 100 1484
Ankara-Sivas  (ab) - 118 - 70 - 100 2.751
Table 2 Transfer Times
Modes Transfer times (min)
Rail to Rail 10
Rail to Air 60
Rail to Bus 20
Airto Air 40
Airto Bus 60
Bus to Bus 10
Table 3 Mode attributes
Modes Vehicle Capacities CO, Emissions Unit Costs
(passengers/freq.) (grCOy/pass-km) ($/freq.-km)
Rail 400 5 0.047
HSR 400 39 0.075
Air 165 34 0.105
Bus 54 9 0.068




Table 4 OD Data (daily average)

o/D Istanbul |Bursa [lzmir |EskisehirfAfyon|Antalya|Ankara|Konya|Sivas [Kayseri |Adana|Total

Istanbul 0| 16560( 11415 7425| 3480 4035 21705| 4770 810| 2175 2475| 74850
Bursa 16560 0| 7755 7095| 1860 1395 6765| 1755| 180 525| 600| 44490
Izmir 11415| 7755 0 1380 2010| 3135| 4380| 2055 180 495| 780| 33585
Eskisehir 7425 7095| 1380 0| 1935 645| 5355| 1080 75 240| 255| 25485
Afyon 3480 1860/ 2010 1935 0| 1305| 3930 2175 60 225| 7710| 24690
Antalya 4035| 1395| 3135 645| 1305 0| 2550{ 3030 135 465| 1050| 17745
Ankara 21705| 6765| 4380 5355| 3930 2550 0| 9885| 1185| 4590 3255 63600
Konya 4770| 1755| 2055 1080 2175| 3030| 9885 0| 345 1815| 2580| 29490
Sivas 810 180| 180 75 60 135 1185 345 0| 1590 390 4950
Kayseri 2175| 525| 495 240| 225 465| 4590| 1815 1590 0| 1815 13935
Adana 2475| 600| 780 255| 7710 1050 3255 2580/ 390| 1815 0| 20910
Total 74850| 44490| 33585| 25485|24690| 17745| 63600| 29490 4950| 13935| 20910| 353730
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Figure 3 Optimal network with TC=0.9%1,782,505 kg
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Figure 4 Optimal network with TC=0.8*1,782,505 kg

Rail lines
v HSR lines
=====Air lines

Figure 5 Optimal network with TC=0.7*1,782,505 kg
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Figure 7 Optimal network with TC=0.5*1,782,505 kg

Table 5 Results and Modal Shares

TCO2

Base case

0.9*Base case
0.8*Base case
0.7*Base case
0.6*Base case
0.5*Base case

Travel Time

(hours/day)
1,145,747
1,179,896
1,243,582
1,329,167
1,491,490
3,627,175

Op.Cost
($/day)
8,827,139
8,805,415
8,711,559
8,600,364
8,514,827

13,254,581

Soc.Cost
($/day)

14,975,675
15,137,209
15,385,118
15,733,207
16,518,760
32,719,453

co2
(kg/day)
1,782,505
1,604,255
1,426,004
1,247,754
1,069,503
891,253

%

%

HSR  Rail
33 25
38 25
40 26
41 31
39 33
23 64

%
Bus
17
17
19
17
23
14

%
Air
25
20
15
10
5
0
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Figure 8 Trade-off between TC and cost
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LOW CARBON POLICY AND OPTIMAL STRUCTURE OF MODAL-MIX
NETWORK FOR INTERCITY PASSENGER TRANSPORTATION

Tirtom HUSEYIN, Jinyoung KIM, Makoto OKUMURA,
and Hiromichi YAMAGUCHI

Environmentally sustainable transportation becomes an important issue as well for intercity passenger
transportation, where modal shifting from energy consuming airline and bus service, to energy efficient
high speed railway is most feasible measure. Strategic redistribution of network-wide demand onto the
improved rail links in order to collect enough income to support the railway service requiring large fixed
cost. This paper presents an optimal modal-mix planning model in intercity passenger transportation, which
aims to design a modal mix network minimizing the social cost, under the condition that total CO2 emission
does not exceed the given level. The proposed model is formulated as a mixed integer linear programming
model, which can be numerically solved by general solver programs. The proposed model was applied to
the intercity network of Turkey, and used to design the network structure corresponding the different levels
of CO2 emission. It is found that, tightening CO2 threshold increased travel times and so social cost.
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