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Abstract

In this study, we discuss the modeling of domestic transport sector using GCAM(Global Change
Assessment Model). The GCAM is one of integrated assessment models widely used in internationally
modeling community, and applied for the evaluation of IPCC 5th Report. Nevertheless, it is noted that
there are a considerable number of problems in its application to domestic transport sector. First, the
base year information of GCAM for detailed transportation service demand is found not consistent with
national statistics. Second, the transportation sector simulation results do not properly reflect the past
trends of service demand. Thus, the base year service demand is carefully matched with the detailed
national statistics. In addition, the existing models were checked and modified so that the simulation
results of service demand can accurately reflect past trends of national statistics. As a result, it is
reported in detail how the current GCAM simulation results are corrected and how the trend of past
transportation sector service demands is properly reflected. This study is expected to be useful as a basic
tool for future scenario analysis for transportation policy, technology evaluation and greenhouse gas
reduction measures.

Keywords: fuel efficiency, GCAM, integrated assessment model, load factor, transportation
sector, transportation service demand
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F20[: 4], GCAM, THEY, AR E= AASH, +5F&, TS Ls)

20143 A A|A] SRRl A AF&3F o 2%k 2,672 MTOEO|H, 1 % 1.3%¢] 37 MTOES] ofo] =] 44
F oA ARSE| QI E5] A AlA 5528 olUAAHEQ] 92%7 A 2 F-RAIEL1 v, =l 555 4
¥ 95%7F A6 D FRAFLEN, A A o552 FEoh A D §-F7AIE] tigh o] tha =t (IEA,
2016), (KEEI, 2015) =Hf 552l A viEet Rl &2 87.5 MtCol™, 199055 2013 3712] A¥ 4%
A RS S7FEAE Bolal QITHGIR, 2015). IPCC 52HEILA o) ofsH, A =291 7d 2] 4] tf-geto] gl 7
S, A AA % FR A 2] 'AasiETFo] 7.0 GtCollA 2050890+ 12.0 GtCE S7Fs ZAo= B gh v gtk
(Sims et al., 2014). o]} Zo|, +E5HEL ZFA R £H|FRO] slUR, SPUR] AR 2 LAVIAHIEE &
Hehg 331 itk B dtoas 55222 Global Change Assessment Model (GCAM) o|2He S92 ES &
_g_a.oq E/H o]._]_z]- o]-]:]— Eo]—EoJ% oﬂ 1 1/\]/RE41 7\-]1:1]-_4 q_z Z= -rr7] Aoz :rL/H SFO ?J‘q 1:4. —J feedback &
(o], 712F F7tel w84 S 2 ASREO o | 2] B A 0] Wsto] mE RATIAEA S HEH7HA]
& P a1 Eote] Alue] @14 gtk E40] Qlr SR ol thet Bt AARE 82 A A= iAot
2} 2, IPCC 53 22 =A17]7ollA GCAMZ %o H 2oz S8l Qirks AHHo] H|Fo] E uf,
GCAMo] 3@ HP o= F5et F87Hx7t ekl werenh, skx|gE, GCAMe] W= o] Sl Ui "o}
AT} FHoJZ] FEo] Qlg-S FRI 4= Qlrt. whebA % A= GCAMS] Iy =55-29] 7] 221 4 o]
E7} A4} Felotie g REF gtof] 11 ooz} qlokal st A A 2=, S7FE Al £A% 7 d k. AH[ A
T80 A A7, o] mje] gt 7| Alute] @7t i}A Fol& At = ¥Hdst & of= Zo|t

M

oAb 0 2 541 R naolet ghe clofet B@S wakelth, Table 14 HH, WE-FoHotol 4 de| Kol A
FRHRE 2 A7 A B4 EFR P thoFet £Ro] Sp e 6@% 2SR Qlet. Typed &2 RE& 2
F3 AL De Jong et al.(2004)2 Zsgch olof] WEWH, $4HE ngo] Haj 7|22l BFE Trend and

Time Series Model, System Dynamics Model, Zonal Trip Rate Model, I/ O and related Model 2 2753 St}

2 Ao A= YA EF AA ol Transportation System Analysis@} Integrated Assessment Model-& 715}

of, e & B= Qo FYoiqirt. & A7olA &8t GCAMS Integrated Assessment Model % SH=,

Girod et al.(2013)2 751, GCAMS Z33H tpoket 59t g o] 4R 25 A B 4= Qlty. GCAMef T3t
Hot ZRARE W82 ok Aol A Aastarat gt

dEE A Holy

1. GCAMQ| 7l ¥ +&82 =Y
GCAM-= Intergovernmental Panel on Climate Change(IPCC) 2] A|52} 3 7HE 1A 21 o] 7] EA U= 7} &
£ ROPAS 0] B8] v} Q1712), Aah4] melo A4, oA 28, o], 7|7 HIslE Eake wolct
20109 7|Fd 2 sto 5\ el = 210019717] Alge|el o] 7Hsste, A AIAIE 327119 A1H o= Fista

1) Moss et al.(2010), van Vuuren et al.(2011a), Edmonds and Reiley(1985), Edmonds et al.(1997), Kim et al.(2006) &2
2) van Vuuren et al.(2011b) 2=
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Table 1. Models for transportation sector analysis

Type Name General References Previous Studies
Time Series Ordinary Least Square (OLS) Greene (2003) Chung and Kang (2015)
%r}d Chor Partial Adjustment (PA)
l\j[rcl)zrg olee Autogressive Distributed Lag Model

(ADLM)™’

Vector Autoregressive (VAR)
Time Varying Parameter (TVP)
Binary Choice Model (LIMDEP)

Lee et al. (2015)

System Dynamics

System Dynamics

Azhaginiyal and Umadevi (2014)

Model
Zonal Trip Rate  Space Syntax Hillier and Julienne (1989)  Lee and Choi (2016)
Model
I[/O and CGE Johansen (1960) Schaefer and Jacoby (2005)
Related Model Ginsburgh et al. (2002)
Transportation CMEM Scora and Barth (2006) Stevanovic et al. Park and
System Analysis gy g Fellendorf and Peter (2010) 2009 Lee (2016)
MOVES US EPA (2014) O’Shea et al.
(2016)
NIER NIER (2011)
VT-Micro Rakha et al. (2004) Jamshidnejad et al.
(2017)
OmniTRANS OmniTRANS (2017) Hu et al. (2015)
Integrated APEIS-IEA (AIM) AIM (2017) Mittal et al. (2015)
Assessment ECLIPSE Turton (2008) Turton (2006)
Model EPPA Palstev et al. (2005) Paltsev et al. (2004)
GCAM GCAM (2017) Kyle and Kim (2011)
IMACLIM - R Sassi et al. (2009) Waisman et al. (2013)
IMAGE/TIMER De vries et al. (2002) Girod et al. (2012)
MARKAL Loulou et al. (2004) Sarica and Wallace (2013)
MERGE Manne and Richard (2005) Blanford (2009)
MESSAGE ITASA (2017) Riahi et al. (2007)
MINICAM Brenkert et al.(2003) Edmonds et al. (2004)
POLES Enerdata (2017) Kitous et al. (2010)
REMIND - G PIK (2017) Pietzcker et al. (2010)
TIAM-IER Uwe (2017) Socrates et al. (2017)
WITCH Bosetti and Longden (2012) Bosetti and Longden (2013)
Note: ""ADLM is another presentation of ARDL in econometrics.

o= FEEo 9tk GCAM

71719 71egris BEXor

T8 =5517] Slo) BT kD) £ AT GCAM SHRFS

Bl 1S E5), S o LA AES TASHs AR

?ﬂﬂ, lﬁ—l— \_%l?“

H, pEER| gt FrtATE 7]E At %%‘1 + SS9 11 9
o)7} ek, Tt ot AP R AEST} Sa], A 51o] 7|4 HangS AR 23152 1) go 24, Keepin

3) AMISH AHE GCAM(2017) &=
4) Baek et al.(2015, 2016) &=

CHSHRE515|7), Al 353 Al 23, 2017 49
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and Brian(1984)0] 2] 43t vie} o], AP Bl Uehts 941 7leA e o] A7t ver] s st
7ol Ak

GCAMYO] #5577 By oA SRR 0r o|Fojx Iupd. o7 AH|A4-820] Thel= Passenger—
Kilometer (PKM) 2121 519, &)= AJH| 248 9] ©9]= Ton-Kilometer (TKM)= FA|3tt} 11 0] 9], 255H0]
FP3 27 2= 23379, 3- Vehicle-Kilomter (VKM) o]g}xl BA|G T}, of AR Ra} SHZH RO Aqu] A%
Q= By Yol|A 247} thga} Zo] At

B O] MH|ALQ: D, = o(V,)(P,)’(N,) (1
SFERR O] Mu|ALQ: D' = o' (GDP) (P)” )

o714, De HGHFL AMH|IAFR, o= AR Bo]A sietnlE, v 199 &5, P $5A8A7H, N
1T &, GDPE 455 UEHT t+ Wk, v 25HYA4, g 7HEEAAS Yedth &5 2 Qo] High
7142 SSP2 (Shared Socioeconomic Pathways)S 7Fg3513tHo). Equation(1)¥} Equation(2) oA 7183 H <4 gho]
TRollA YA o g AA 5= Mot 53] 7H ¥ 71aS BFgol Jlol 7MY St s A8StEE,
ZHA5] A & a7t itk pEAHA 1AL thaat Z2 WA o & ALt H

B=33(85)(P,)
Py =38,,)(P)
Poiv= Ej] (80it) (Psie) ©
p_ FPIEL ) ENEP Gy W
ossist L. SP.

Jr8yist

A7|M, ZF A5 FEREL F7>), 271(s), 71&()), A=7H4(Fp, $/M)), BIA=7FA(NFP, $/VKT),
energy intensity(£7, MJ/VKT), load factor(z, PKM/VKMD), AZFEA2(w, $/hour), S=(SP, KM/hour), 7]
EA&(9)2 Yehdth Equation(3)oflA 52 EL] 7]&35-5<1 57F GCAMONA BAFSH= A 714737
ol A} o 2 wj¢ Fa 3t Hg-olrt. o= tha Zo] 2ARY S Sl ALE Hotd

S — (SI/I/]mf)( l”f))\/ (4)
Jisiist E(SVVJ 5., t)(ﬂvs‘ri”’)A/

J

o714, 7} MeE2 $ERES 7|adfa(s), share weight(sw), EAZT(V)E UERATh dA At
GCAM $452 B2 qujA4Q 2 AJEH 0|4 st= BHAo|th. Equation(l), Equation(2) oA AH]|AZ=8.9}
oz 2xH] o] QA T2 M| A2 5L Foll o] Fo] AW, Equation(5)2}F A9

5) Mishra et al.(2013) &=

6) GCAI\/I(2017) Ebl et al.(2014) &=z

7) 32 £#EMHIAE UEs 3= TKM/VKM .

8) GCAI\/IOHH OH‘:* JlaME] 23 0|24 HFR Clark et al.(1993)2 &Z
9) Hold 2, oRfHA AelE.
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B B VKM PEM(TKM) )
D= PKM(TKM) = PJ><( 57 ) ( VI

E X M P L

®)

o7 EMU|A0] A AT ZF MeE2 AYRAREH(E, calorific value), 918](az, VKM/calorific value),
load factor(z, PKM/VKM)E YeRHALE, Equation(S)L Kaya &54S 555 He32S ¢ & Utk
Kaya(1990)fl AJA| % Kaya 5412 skt H4E of 2] 7k2] 810 & Fofjsto] AW 4= vk A& 7HA] 1L
Qlct. SFAIRE, rebound effect2] #A]7 }H”(H%}—’F A= A A= QIct10 EZH Q] 2, EXY 4R ED
A G2 AHAR A= o $FREY o |YAARE S AAAZ| AT A 0 2= oA 589 3
O = QIgH 7FASHENS AHALR Stofg T R E O] ARE-S F7HAIA o127} Qlth. 2 Aol A o | AARE R (E),
TTAAH(VEM), A8 242(D) AR = =7HsAE B85, 3R EO] AlEst 7 9 loadfactor(Z)+= 4
19] Equation(5)& ¥FEA171= AHEE A7dstainh =l A Ul-8-2 oh3 AollA drggich

4

ru
?

N

2. Hjojg| & GCAM2| 21

Table 20| AAH = =55+ AH| 244 dlo]el= KTDB(2015) o4 & &<lo] 7FsshH, OECD(2017)f1 4]
T E 2ot HL BFof gkef g<lo] 7Hestth T FAIKES Atol 7 Ak AE & o e, ol AR iE XA
Al 2FF0] 82 BA| R QI AU-S 2Flsl 1D KTDBRoA Bl FA] 9k 20101 2] Passenger—Car 2] AH]A
89| 79, 2011 Passenger—Car®] AH|AS=Q o oty 7161t} Table 3-2 &2 Aol A4] Equation(5)E &
&oto] A& AH|Agg, XA, E5-37 2], loadfactor®] k& AA| FAG2|et Hlw sk Q.

Table 2. Comparison of service demand statistics in passenger road sector (unit: milion PKM)
OECD (2017) KTDB (2015)
Road Road -
Total Passenger—Car Taxi Bus
2009 310,787 - - 15,242 85,873
2010 378,863 - - 13,384 91,287
2011 363,318 343,928 231,018 14,754 98,156
2012 355,200 350,217 231,875 13,885 104,457
2013 359,928 361,696 234,218 14,008 113,469
2014 368,516 360,936 242,110 13,836 104,990

Bl 24 2(D)9F FFAR(VEM) BE = =7FSDBAE oA mid T3tsh= =7k E- 57 (KTDB, 2015)
= 285ttt AR A (R) Q] 749, GCAMOAIA = IEA (International Energy Agency) 2] ofluj 2] A BE
7120 = Shz vf, & Aol M = [EAS] oA M A 25 F-83tet ot 5520 AlEshE f15k, olv =17

A AT A 4dmteh ASH U 24 B 1AE G FEshc,

Figure 1 71 GCAM3} £ @74 AH8 T 4458 728 vlmels olek. o ARE0] A4S oA, & 5
19 % Han), A1, T, FALo] 371 EIAE), S8 25 TN 27 SBAHI5A% o
Shi 5842 BREE, 5 1E $3AH WAR B7 Hch), s2550] 49 Edo] dA v Artgos B

10) Wang et al.(2012), Sorrell et al.(2009) &=
11) =7t SDBAIE, D58t ALY,
12) =ERQ| 128 WERA} AZEFII0|E: http://www.molit.go.kr/USR/policyTarget/m_24066/dtl.jsp?idx=161

CiStn S35 2], A| 353 A 25, 20174 42 9
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Table 3. Data comparison between this study and statistics; demand, energy consumption, vehicle-kilometer, loadfactor

D E

. " ‘ VEM i
Variable P%lﬁﬁ) (Energ}y%tca?élziler)npnon’ (Milion VKM) (D] VEKM)
Source STE;SY g(r)]l); This Study This Study (2(31%)&) This Study
N Fuel e 7tsl Tol G D L T Tol G D L T Toal Totl b
This ~ Motorcycle 12 - 210 - - - 21 12000 - - - 12000 - 1.00
Study  Small Sedan 39 81 - 16 - 97 28,147 - 6635 - 34782 32264  1.12
Medium Sedan 60 159 - 31 - 19042987 - 10455 - 53442 54763  1.12
Large Sedan 25 231 97 - 15 - 11218038 - 3,964 - 22002 23332 112
JRS 56 - 164 28 - 192 - 416138510 - 50,123 48526 112
Small Van 51 - - 8 - 78 - 7611 3720 - 11331 10075  4.52
Taxi 13 13 - 41 22 - 63 - - 22205 - 22205 23,860  0.60
Medium Van 2 - 2 - - 2 - 231 - - 231 758 10
Large Van 7 91 - 6 - - 6 - 475 - - 475 15
Bus? 82 = 58 - 40 98 - 2738 - 1173 3911 6,299 21
(0-1) B-Truck 2 - 15 - - 15 - 2542 - - 2542 2771 0.7
(1-3) B-Truck 2 - 13 - - 13 - 1,802 - - 1,802 3016 1.00
(3-5) B-Truck 4 - 17 - - 17 - 183 - - 183 2.00
(5-8) B-Treuk 4 - 4 - - 14 - 1289 - - 17289 3.00
(8-10) B-Truck 2 m1 - 6 - - 6 - 401 - - 401 6.00
(10-12) B-Truck 6 - 2 - - 12 - 780 - - 780 4561 8.00
(12-15) B-Truck 10 - 18 - - 18 - 1,04 - - 1024 10.0
(15-20) B-Treuk 10 - 15 - - 15 - 88 - - 808 13.0
(20-) B-Truck 31 - 2 - - 32 - 1723 - - 1723 18.0
(0-1) P-Truck 18 - 134 13 - 147 - 304152831 - 33246 34838  0.54
(1-3) P-Truck 3 - 13 - - 13 - 2395 - - 2395 3740 1.00
(3-5) P-Truck 3 g 1mn - - 11 - 1446 - - 1446 2.00
(5-8) P-Truck 3 - 1m - - 11 - 1,123 - - 1123 3.00
(8-12) P-Truck 2 - 5 - - 5 - 346 - - 346 1274  6.00
(12-) P-Truck 2 - 4 - - 4 - 233 - - 233 10.0
Total? 437 437 357 591 203 40 1,19089,17299,176 58,320 1,173 247841 249,709 -
1(1;&5)0 Road - 363 587 200 40 1,190 - - - - - - -

% Rather than road sector, the others are also available upon request.

% Acronym— G:Gasoline, D:Diesel, L:LPG, T:Town gas

a): TS(2011), Chap.4.1. b): Regardless of the each mode’s fuel type, loadfactor is assumed to be the same. c):The
transportation sector is divided only upto the bigger categories of roads, railways, ships, airplanes, international ships, and
airplanes in IEA energy balance table. Energy Census Report (KEEI, 2012) is utilized for further detailed classification. (d):
Even if the VKM of bus fueled by gas is about 60% different between ‘This Study’ and ‘TS(2011)’, fuel efficiency of the mode
is assumed 1.30(KM/Nm?) referring to Kim et al.(2013), refer the Kim et al.(2013) (e): The total value is without counting of
Motorcycle case to compare with KTDB(2015)

FEQL, volrt AAE 2 qEste|let. SHEE T3 GCAMOAE sHE3-& BB FAAT, 2 A7
qNE F7H o T BFEYT, A4 BT FE 2d shert
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Passenger Sector in This Study
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Figure 1. Comparison of transportation structure. 3JRS: Jeep - Recreation vehicle - SUV, B-Truck: Business Truck, P-Truck: Private Truck

GCAM 2zf+td &t

Figure 2= w20} AEREo] qulAdg 717)50]0} A BHo) A4S AN TE Fo] HolFa It »

BAL F0) 2 55 T Fololn, B4 F o+ HAL 902 GCAMO] A1 Edo1A ATkl i, & WA
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4719 E2 BRle R oA, sha pEAH| 20 7] Fo]E H| et f7-E= Schipper et al.(1997)8 23,
]

et A7E190] Itk 53], Girod et al. (2013) oA vl AT} oL|e} o] & F) ] Zol S ARSI, AR ]
e AT Aihs HAFT gk

Figure 32 oz 5=00] digt AlEeo]d ZAxtolch 7]FWEe] oyz|4u]7} 1,777P]1d] ¥haf, 2030
1,930P], 2050 2,102P], 18] 2 21004 9]] 291402 7|Z A= thH] 212} 8.5%, 18%, 12|11 64% S71sh= A
= LrER T
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= =
£ 1 g
© ]
9 9 [
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'U‘ 'U‘
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| P | P | 7”\””| N |
1,000 10,000 100,000 1,000 10,000 100,000
GDP_Per_Capita GDP_Per_Capita
| Passenger Road Sector | Passenger Rail Sector |
10,000
10,000— [ !
= =
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Figure 2. GDP per capita vs demand per capita. domestic road and rail sector

13) SCHIPPER et al.(1997)2 Figure 20l USA, Japan, Denmark, EU-4, NO-4& H|w5t¥ 1, Kamakate' et al.(2009)2 Figure 1, 30fA USA, UK 12|10
Japan S 571=, Eom et al.(2010)2 Figure 3-60AM SH=8 Z&kst 8 7 =7t Millard-Ball et al.(2011)2 Figure 70A USA, Cananda S 87i =7,
Kyle et al.(2011)2 Figure 101 S-S ZaH5t0{ 147§ 27t 12|22 Eom et al.(2012)2 Figure 2,300 1170 IEAZ7ISO| ChEt 27| 20|12 b3,
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I [1-A]: International Freight Ship_Liq [5-A); Freight Rail_Elec I9[6-GJ: (3-5)Business Truck_Liq ™[6-OJ; (12-)Private Truck_LiqlM[8-DJ: Large Sedan_Lig
I [1-B]: International Freight Air_[iq [5-B]: Freight Rail_Lig I [6-H]: (5-8)Business Truck_Liq ™ [7-A]: Passenger Rail_Liq  M[8-E]: JRS_Liq

[2-A]: Intemational Passenger Ship_Liq " [6-AJ: (0- 1)Busmess Truck Lig  B[6-1] (8-10)Business Truck Lig " [7-8] Passenger Rai Elec M[8-F]: Taxi Lig

[2-B]: Intemational Passenger Air_Ciq  ©1[6-B]; (1-3)Business Truck_Liq B [6-J]; (0-1)Private Truck_Lig | [7-CJ: HSR_Elec W{8-G}: Small Van_Liq
{3-A]: Domestic Freight Ship_Lig [6-C: (10-12)Business Truck_Liq ™ [6-K]: (1-3)Private Truck_Liq __ [7-DJ: Subway_Flec [9-A]: Medium Van_Liq
I[3-B]: Domestic Freight Air_[iq [6-D: (12-15)Business Truck_Liq [ [6-L]: (3-5)Private Truck Lig [ [8-A]: Motorcycle Lig [9-B]: Large Van_Lig
[ 4-A]: Domestic Passenger Ship Lig l[6 EJ: (15-20)Business Truck Lig [ [6-M: (5-8)Private Truck_Liq [M[8-B]: Smal Sedan _Lig [9-Cl: Bus_Liq

[4-B]: Domestic Passenger Air (g [6-F]: (20-)Business Truck_Liq I [6-NJ: (8-12)Private Truck_Liq M[8-C]: Medium Sedan_Liq  [9-D]: Bus_NG

Figure 3. Energy consumption by technologies in this study

A=

=21

2 Aol M= FREFE N GCAME &85t U] o577 Rddof B3t 24 =2ttt & A+l
GCAMZ &2 Hlolg 2 FET} —“7HQ°1 ‘/]’ TEREO A 7IEdE RS Ald= sFgstal glA] %@.
gk oy el A A HI AR 9] HTFEAVS ATl A= Bhgstal Q1A Eotohs 2A417F Alek whEbA
& =Wl 7552 240l Bh= A-85to] 85171 0fl= of 2] 2240171 Qlth= o] & A2 57171 H Qitt. ofof &
AT E FEFE AH A A o, 7ISd R AR|AF 85 SVt e A9t Yot S BHlE
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