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Abstract : Climate change and global warming force countries to lower their CO2 emission level.
Emission is mostly from three sectors, namely industrial, houschold and transportation sectors. The effort
to reduce emission from transportation sector leads to the change in freight transportation. Extreme
weather would induce high level of change in freight transportation and supply chain of goods. Freight
transportation behavior should show substantial change in a variety of aspects. The paper aims to provide
a methodological foundation to capture typical patterns of change in freight travel behavior in response
to extreme weather. The paper introduces sequence alignment methods and illustrates how the methods
identify clusters of homogeneous patterns of freight transportation behavior. The paper found the potential
to apply the suggested methods to analyze freight transportation behavior that changes due to extreme

weather.
Key Words : extreme weather, freight transportation behavior, sequence alignment methods
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Figure 1. Types of distribution activity (Shin et al., 2012).
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Table 1. Number of registered freight vehicles by loading capacity (sample of 1.3%).

Loading capacity No[r)ll-llr);cs’iszess (%) Business purpose (%) Total (%)
Small (<2,5¢) 16876 74.1 5912 25.9 22788 54.2
Medium (<8,5¢) 5117 45 6263 55 11380 271
Large (>8.5¢) 1725 21.9 6138 78.1 7863 18.7
Total 23718 56.4 18313 43,6 42031 100,0




Table 2. Index of efficiency of freight vehicle tours.

. Travel duration of Travel duration of
Total travel duration . .
loaded vehicle empty vehicle
Total average (hours) 4.4 2.7 1.7
. Small 3.1 1.7 1.4
Loading Medium 5.0 32 1.9
capacity
Large 7.2 5.0 2.2
Business/ Non-business 32 1.8 1.4
non-business Business 6.0 3.9 2.1
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Figure 2. Example of measuring freight vehicle travel behavior.

13ie) o] PR e S Ba
S GR9l0] AAuRE 11w 4 SIcHoh, 2011,
B K T E R RRSNEEEs
I;H/l]—o E_ol-] EFHX]EI]—O] Ol—l/lfq- UO‘] &, 0.4\_(5 =
A, B9 §RS RAUA S5 ole] 19 &
8 EIHT, Z A 32 53 A o) o
2 SN QT FAO) LT B €142
o] =38 =]= Ao thFigure 2).

o| gk thab O] SAMAA S L= Sk At
A &3 o] Bl wE oAl vk ] HaL

71H Q1 vk A Houl B

O

H(Multi-dimensional
EEH(Joh ez
al,, 2002). EALA QY O] e, T
Aol ul5e] ghe AT 4 ULwE Al W
A3k2 Hhat A sk A<, ol o
b el ol £A1HA) evlol B
(heuristic) 3|27|5 AFE-3cH(Joh er al., 2001).
oAk Hal g r| ol osf 53 daf 7 FA
K3} Aol o] sk BHIE W, 1 Hio o)
pairwise dissimilarity matrixE 2}
wlE 2ol ufel 24 Hel
o 53 472 shte) B

sequence alignment methods)©] &

|=J

o

oZC
ot
4>
30
iy
o

6°)

>
D
o,
o

=

iy
)

oo ox o e Hf

-

i
Al
o,
oft

%
0 O_>C4
o o
e
o
o
o
il
At
o,
1o
OF“
o2t
Im ot ;‘% £ o
o E
> qn 2

£ o =
= £
ey
>
Lg
2
o %
T4>ji

o
J}E
Pmmi
o =
> =
m =
ﬂllﬂl
—Lli
gﬂ

_ﬂ‘
2
i
_{
i
|y
SL
—loi
o
N
o
2
%
>
o
o o
=2
X

L_ SF 2~
a4

-

A SHE S A ol g
3 l

s s
28]

Ho
T
—

]
Al

mr g2

e
=
[e]
AN

P .

_L
ol
S

4, REu)|Gu| o] 2§ A

o] ZofAl= 3ol A At A Rl u] o]
AR A ofArd g o] 243 s el Stof o

A 2J=A ARIE AHEOEN, 7 7159
717 Al el A A ke F FAE] 8
B2t 23 Y E ARk 7 o2 ek et
< 2| ®aiz) g, e “% & 7t DNAL}

A

Aolie) HER HAYBS ol i A, TE

[ =3 G} E.' =0
)3 9= AHujAH| -2 Abbore(1995)9] 2
3] &0 7 A 3]ukehe] EE T Wilson(1998)
o] A|ZF AF&-(time use) Aol H2 2o 7 -85}

71 e

3:0
_:L
._]
=
=
jmgl
_
O
(o]
>
N
N
e
1N
o
2
o
rSL'
>
o
N
oM
ol



3 25 Al o] olHe BEF w0 93
ol WESTS o] §5te] o] el Q1A
o} o] wA o]Fol x| rkE HASHS Wlo] B
A3, AL 7| W o] 2 thitm (RS F)
A BASHE 212 7beA] stof Bk N2l A
o AF AE B2 W 5 A= A2
o, ol B4 23] o] 71 A EYH A
70 AHg Ao TS 4, BE 5] A
7h Z RN W e B4 Qo)A 28]
AL, of7lol B, 1F, 49 55 o

2] SHE Eopol| A 9] §-§-o] ASITh

A W Zofo o] 48O =, Kemperman er
(2004) WEHE G50 E43 =o]FH
Ao 7k AR A3 7he AR Tl
S U Al o] 8-2] FAle| Zpo]7F Y5t
, ololl AT molFx-d W A= #iA] 7} o]
A go] molAl o8 A RFE ] HH
SH-8-3F 7FA)7F Qa2 A|SFshiTt, Shoval and

Isaacson(2007)2 o] ~gtdl o] @ afjw H3g =A]

2
S
o fu

==

4

M oo H oaf T

il

Akkool| B#dt= TE A= ol 54 GPSE
FH35to] o] 59 A Y IF Dol Al F1te]
z3o]| o3l Aol Em 11 WA= HEA A
o] ALB A A A EAS WSttt AMLS ERIsH
AT}, Lee and Joh(2010)-& A& HHE @]52¢] 33
o] g FAlo] dEIy; Fof ARg o=l 7h
o & zfol& HolH, /N HFA ] FAHL 5
g, S A, a5 o A4S T Aol
o Aok RS BRIk

739 Hoks 2 AR} upAlY ool
3 ALEA], Joh er al, (2003)2 FLITE EA EA]
AF AWES FHuzl o] & Fefo] AlAE A}
25 JEujdu]m ol oa] BT Aut, 179
ulzl e} o] s=x] S| E1 3} variety-seeking/royaley

of AyohE7| ok Abal A A St 2

S 3FQ15}Ath, Hay er al. (2004)

flo ox
oot
o,
=
o,

i
r
-9
30
oo

= A FA9 AEdl ' PFo] A A 73
S 15| sl eIl Al 2] g B o 2 A Hj
G| H-S -85t A= consensusth=
gA T35 Y FES B AT B
A FodS et daks AA 2 VA S8
2t ) =AY e S Shelal WAt Steinmann and

Silberer(2010)2 54 AAAE FoiAEe] 23
A5 oA S8l B, SlEYl Fjo)X), Al
73 50 o] w4 WeS BAT A,
Aele] drie] Au uhA) Be BF 2ASo|
(BEFERE EEEICERRRS
o] AA| Frot BEG A 0.2 Ay
sholsha, ulAE A8l A|A EAolut
El 2

TESHE dubEel npAY A

ol
o

|

I

Mo oo
Xolo 2 owE

=2 oo

2

2 4uEE Aol ohie), adus, Fus
“ < 23t} Joh and Timmermans
3 siel 7be] Ao| Z 2ok 2

oy F3 =7t Fa, tiA o AEA
A

wole] e 9y o] Ae4 ko] Sof
e A2 Mgt ol de] BES i A%
2 Zr 912 AFste] T A9l b Kol
2 Belch 212 211549k Noh and Joh(2012)
10l B B9 e ARG S e
shof BT A3 w91 B AT AR A
el gt S ke, G| oje 744 A
oF A vhaste], Q1o WE AH| A A
2} AF81 2 Alopo] e AN AT

£ et AH Al RS 2 HREY AT

=] j S
Wi o] i o] B2 Joh(2011)]14]

> Jﬂ 2
a S X
rﬁ met 1o,
Mo > o
32
iul
o
i)
v
=
&
;i
1o
f
oo
2,



TAA

Ml Abe) ko] BAE

sho]efiz,

A2

Fell Al&3t

5

o] 1 7j%lo] %%t Al5loke] 7

A¥

uF AR B3] BTG A Qdgleh B4

J

o|
70

il
o
,..@.0
oF

Z]
]

bel

3|

oA HA] Al oF

25

o 1=
- =TT

= ol 7I¥

2}
Al

5ol

oA Aok 71

(¢}

i}z

[¢}

o

o] 717 Aol -

S opel, F3 /1%

S|
&S

st A F53 ok

B A=

e

B
)
ze)

w

Z 1

SR REN

iy

I, 545e &%

gl Hl9

1
.

3

B MFE A
3} 2330, 97182

=

o] 9let.

b

S
hd

1% qlele] QA7) w - gol

o
jus

B

]_

Gl

ool A At vl AEujAu| e &

%
<+
]
T
H
oju

gl

)
—_

o

1

B

:

o}
u
J

puic]

Lk
ol
X
l !
s

ile)
ﬂAIO

i
ol

contingency

el

Foll A &} off o] dE 71wt

3

3 A2

=4 %)

Pt opA[Ere 2 o] 7]

ik

boi e}

F ool A E &4

tel

= 7o) hgals

gl

gojde s At

=)
=

|

A

5}, o] ZHE o] 7|Ho]

A AbelE 270

v— =
7]

&
a3}

il
=
<+
o
xr
i

=
=

SEE

oMo =7 HE

Ko}
T

)
K

ol

i

o

s7]

=8

A EA 7

719 4

=
o =

g

iA1=

9]

71 9]

'
1
%
<+

ol
X
b
ﬂ
o
uze)

x
N

ojl
o
70

4o

HH

76°

0

B (cross-sectional %X Wk

o] o} contextual AR 7}X]), A Rujgu]| iy

ok sk

gEo] 27

Holl A L
A7

=
)

£ E 7

<=7l

g,

5 249 A

LS

o

°]7] wjZoltt.

2 (technical) &=

H1

o

+

H
e
o
or
m_r_

o

<

mp

=4, Al



5t
(sequence) o] EAlo] Q3| o] & A|Fdh= 1
oz A Aok 78S v AAse, AT 2
T} sl 5 YA WA AT e, Ak ]
Yol Bed 7147 718 Yol Aas] A F
ol chet A2k AL AR S B4
231 9189 SISt} ol A7 2l Btol e
= A1 2ot shebehlo 2 iE Bela 4 ol 4
A, =AW A 5o A4S =2

&

1

[

~
o ox I

2

o

o A== A 7% e 2 7R ), &

Y ghom o] A BAS thet Zo] &ofstur
sk @A) 715 Wst £33k 7159 714 A
of w2 B 40 Watol e AT o)A 4
A QAR FOR B AT S P 9
oh, 94 B 4o ek paA ek AN
4 Qs PRI 714 A ALk 9.8 Zulsto]
of gt AIZHEL 4= Qi 714 A B ol
A7t 9 4 glont, o] F AT B 7bg

fato] w2 g o) v
o} 7 Aoz BhIa 4 gl Alukelest A
o] Azl @ astel,

T2 ool AHuE vlad o] ot &

L

T 4% FU A PUES A Y=Y Aol 4
g AA B ABS T % Y #7142 ol
2 A7k Basheh, AAZAE NetLogoZ 01
3k B ol d ATE Fulsha glout, shEx
o B4S FET 4 Qi ol4e] Junfd
H| S Al B o] A2 gol hAAA ool
Eo B4 0= EQstAL AlSd ol Futet A
A A= 2¥e] Apolo] that HE AR FET

Ak, olof tigt sfiie] Hasie,

ALA}

o =i 201349 A (ALSH) Aoz =
AR L] 2| 9 ol =8 A1) (NRF-201
351A3A2052995).

References

Abbott, A., 1995, Sequence analysis: New methods for
old ideas, Annual Review of Sociology, 21, 93-
113.

Baek, S. G., Kim, B. J., and Lim, Y. T., 2008, A study
on the relationships between rainfall and high-
way characteristics, Journal of the Korean Society

of Transportation, 26, 119-128 (in Korean).



i
o
~
Jon
1o
ol
o
HO
b
gl:

Cho, C. H., 2011, Prospect of climate change, Monthly
Transportation, 163, 6-10 (in Korean).

Hay, B., Wets, G., and Van Hoof, K., 2004, Mining
navigation patterns using a sequence alignment
method, Knowledge and Information Systems, 6,
150-163.

Joh, C. H., Lee, S. H., and Jang, D. H., 2012, A study on
the definition of extreme climate index, Journal
of Climate Research, 7, 136-145 (in Korean).

Joh, C. H. and Timmermans, H. J. P,, 2011, Applying
sequence alignment methods to large activity-
travel data sets: Exploration of heuristic ap-
proach, Transportation Research Record, 2231,
10-17.

Joh, C. H., 2011, Freight trip chain analysis using se-
quence alignment methods, Journal of the Eco-
nomic Geographical Society of Korea, 14, 540-
552 (in Korean).

Joh, C. H., Arentze, T. A., and Timmermans, H. J. .,
2001, Multidimensional sequence alignment
methods for activity-travel pattern analysis:
A comparison of dynamic programming and
genetic algorithms, Geographical Analysis, 33,
247-270.

Joh, C. H., Arentze, T. A., and Timmermans, H. J. .,
2002, Activity-travel pattern similarity: A mul-
tidimensional alignment method, Transporta-
tion Research B, 36, 385-403.

Joh, C. H., Popkowski, P., and Timmermans, H. J. P,,
2003, Identifying purchase-history sensitive
shopper segments using scanner panel data and
sequence alignment methods, Journal of Retail-
ing and Consumer Services, 10, 135-144.

Kemperman, A. D. A. M., Joh, C. H., and Timmer-
mans, H. J. P., 2004, Comparing first-time and
repeat visitors activity patterns, Tourism Analy-
sis, 8, 159-164.

Kim, H. S., Park, D. J., Kim, C. S., Choi, C. H., and
Cho, H. S., 2013, An empirical comparison of

& Eloll CiEH B oIS 5t YR wY X giot 151

ot

O/D and P/C based freight demand estimation
methods: Focused on container cargo, Journal
of the Korean Society of Transportation, 31, 45-59
(in Korean).

Korea Meteorological Administration, 2012, Report on
Climate Forecasting of Korea, Korea Meteoro-
logical Administration (in Korean).

Kruskal, J. B., 1983, An overview of sequence compari-
son, in Sankoff, D. and Kruskal, J. B. (eds.),
Time Warps, String Edits, and Macromolecules:
The Theory and Practice of Sequence Comparison,
Addison-Wesley, Reading, 1-44.

KTDB, 2011, A Study on Strategy for Improving Freight
Transport Demand Estimation, Korea Transpor-
tation Institute (in Korean).

KTDB, 2013, A Study on Strategy for Improving Freight
Transport Demand Estimation, Korea Transpor-
tation Institute (in Korean).

Lee, H. J. and Joh, C. H., 2010, Tourism behaviour in
Seoul: An analysis of tourism activity sequence
using multidimensional sequence alignment,
Tourism Geographies, 12, 487-504.

Ministry of Land, Infrastructure and Transport, 2013,
Annual Report on Planning and Use of Land,
Ministry of Land, Infrastructure and Transport
(in Korean).

Na, Y. G., Lee, S. H., and Joh, C. H., 2012, A study on
ABM considering change in decision making
under extreme weather, Journal of the Economic
Geographical Society of Korea, 15, 304-313 (in
Korean).

Na, Y. G, Lee, S. H., and Joh, C. H., 2013, A study on
the relationships between flood information
delivery and travel time under heavy rain and
snow, Journal of the Economic Geographical So-
ciety of Korea, 16, 262-274 (in Korean).

Noh, S. H. and Joh, C. H., 2012, An analysis of elderly
trip chain in Seoul Metropolitan Area using

sequence alignment and motif search, Transpor-



152 =89 Ols% - WSF

tation Research Record, 2323, 25-34.

Park, C. S. and Jang, J. H., 2004, A study on develop-
ment of weather information index by snowfall
to forecast AADT, Local Seoul, 5, 19-26 (in Ko-
rean).

Prevedouros, P. D. and Chang, K., 2005, Potential
effects of wet conditions on signalized Inter-
section LOS, ASCE Journal of Transportation
Engineering, 131, 898-903.

Schlich, R. and Axhausen, K. W., 2003, Habitual travel
behaviour: Evidence from a six-week travel di-
ary, Transportation, 30, 13-36.

Seol, J. H., 2011, paradigm shift for disaster prevention
of urban transportation, Monthly Transporta-
tion, 163, 11-18 (in Korean).

Seong, H. M., Kim, C. S., and Shin, S.J., 2008, An
analysis of travel behavior of freight tramsport
vehicle, Journal of the Korean Society of Trans-

portation, 26, 7-16 (in Korean).

Shin, S.]J., Park, D. J., Oh, J. T., and Kim, S. J., 2012,

A study on research trend for improving the

method to estimate freight transport demand,
Journal of the Korean Society of Transportation,
30(1), 45-58 (in Korean).

Shoval, N. and Isaacson, M., 2007, Sequence align-
ment as a method for human activity analysis
in space and time, Annals of the Association of
American Geographers, 97, 282-297.

Steinmann, S. and Silberer, G., 2010, Clustering cus-
tomer contact sequences: Results of a customer
survey in retailing, European Retail Research,
24, 97-120.

Thrift, N.J., 1983, On the determination of social ac-
tion in space and time, Environment and Plan-
ning D, 1, 23-57.

Wilson, W. C., 1998, Activity pattern analysis by means
of sequence-alignment methods, Environment

and Planning A, 30, 1017-1038.

£HOl THRI- (A=

R HE: 0I5
| 1L [e] k=13
Sz wg: WYL



