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Travel Activity and Congestion Pricing on Long Holidays:
A Case of Freeway No. 5

Student: Fa-Chu Chang Advisor: Dr. Chaug-Ing Hsu
Department of Transportation Technology and Management
National Chiao Tung University

Abstract

Traffic congestion usually occurs on some roads in specific peak periods during
long holiday because people have high demand for vacation or homecoming travels.
In order to solve this problem, transportation authority often adopts congestion
pricing policy to shift travelers from peak to off-peak period. However, most
previous research dealt merely with congestion policy for commuters in the
peak-hour on week days rather than on holidays.

This study focuses on the bottleneck congestion pricing in a freeway corridor
during long holiday. The study formulates an individual travel utility function
consisting of travel time, schedule delayj vacation duration, congestion tolls and the
experience of driving at differentitimes,to.measure individual’s choice of departure
time. Besides, the study further uses revealed.and stated preference survey data
collected from drivers on freeway No. 5 in“Taiwan on Ching-Ming holiday to analyze
travelers’ behavior and calibrate .the: parameters of the model. Then, total users’
costs in the system are minimized to determine the optimal congestion tolls on
different time periods of the holiday.

With the increase in congestion pricing, the results from survey indicate that
travelers with longer duration of their vacations are relatively not willing to cancel
their trips, while those travelers whose purpose being returning home are more likely
to cancel. In addition, the results of the model shows that total users’ cost will be
reduced and the average speed during the holiday will be increased in cases
transportation authority adopts the optimal congestion pricing.

Key Words: Congestion pricing, Travel activity on holiday, Departure time choice
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2 MRS A AR B 202 B 5202
FRHSERPE | B T (R D) B fi A 17 (2 EP) B A 17 (2 d)
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Brown and Johnson (1969) 4 A £ X% 2 KAWL T T » ek F 2
[ES SR ER: SRR ER SR e N =i O S ARINE S FER AU S - K
ANEP R G ORGR TR R A RS A AN BRE o AN
Z A3 5 0 R AR5 (additive model) E b 0 H F EPRGRE GG

S:{X(P)+u, USZ—X(P)} 2.1)
z L u>Z-X(P)

S S LFEIRIAAANPE P LR XP)E AM P TG RE Z
U - fsEflime b V3 g RE RN R TP FIRG
R AGREANFEFATERGE A TFE o AALEARTI W R

» 4T

T 2
- \xﬂb pud

T fml owee

DT
M

W = E [willingness to pay] —E[average variable costxsales] —E[capacity cost] (2.2)

ﬁﬁ&éwﬁ@&»dmﬂ - RAP PRI A S LRd FES
Ao FEF AP IR FRRRY PRFTFEFELA A BlheB F oo

ﬂ21%ﬁ’&%ﬁiiiﬁiﬁﬁPiﬁﬂA@’¥%ﬁﬂ%i’ﬁ$

AR 0 RIM R SR X(P) A Tl g RERFEH L AT u G p B
Pl g s X(P)+u % 7 2 o

P
a
'\\‘\
S
x“1-u
™~
b
& ~.
: \‘xtpl
: X{P)+u
0 bp Zo 0,z "

Bl 21 3 RENAPNTFH LY R B G

[t j:fl(’“)[x (P)+u]dPdu+PX(P) for X (P)+u<Z 2.3)
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X(P}eu
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L2 o xm
[+] zo Do D,Z

B 2.2 F R4 S0 B e W

Flot T L@ I AR A R R AR AT

ELl=[",, fW [ X (Py+u=z]dPdu

i for X(P)+u>Z
E[L,] :L_xm f (UP[X (P) +u=Z]du
AR FEARBER Y AR R AP T R

E[S]=] f(u)IX(P)+uldu- j:"xm f (u)[u—(Z - X (P))ldu

*wmww FRALAHAR BRI HEFA LRI T

w=[" f@f “’[X(P)+uldPdu+ PX (P)
—I;X(P) f (U){LXI(Z_U)[X (P)+u—Z]dP +P[X(P)+u— Z}du
_b{x (P) —j:_X(P)uf (u)du +[Z - X (P)]j:_X(P) f (u)du}_ﬂz
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PR R AR R A 0 BT A B R R Ak X AR T A ¥ 2 B

F]\

g o

oW . :

—— =PX'(P)F[Z — X (P)]-bX'(P)F[Z - X (P)] =0,

avF\)/ 2.7

j— -1 —_ _ _ —

= = sy FIXT(Z —u)-b]du— =0

Crew et al. (1995) #-1995 & 1z 5 Bf 2 % 370 eI o5 17— Prog (S AT > 3+
E%*maﬁauﬁﬁﬁﬂﬁwﬁﬁén’gaaﬁaéﬂwm“ﬁéf’%ﬁ
Pob A AL g JIFE P RO b ¥ AT 5

Ux,mé)=V(x0)+m, 6ec® (2.8)

Ho X=X X)) 5 ASE LI N B V(0) 5 AL OMT S/ * 4
X HPTE om G- rERER S o

B BN YRR E 2 EILE 0 MBRETH B TR f R

Max(V (x,6) + M (6) ~ 3 Px;] (2.9)

Fls F kA STV HE AR B P=(R,.. B) 5 TUAEE 07 R
2 X(P,6) > ot 5 H_F N2 fF M(49) ~RRE v Lot > N=(1..,n) 2 &
SR B o T T P, =0V /0% fori 0 s

BRASREY S - R BSLadE CX) » X=(X,X,) 3 AT
ﬁ’W%%Fﬁi'@gﬁﬁ’ @A 5 g A S

Xi(P)zin(P,H)f(e)dH, ieN (2.10)

MR (OF SR S S
2 Ramsey H#5 E+ 1 E I E 0 Rl A

Max W (P) = [ IV (x(P.6), 6)~ >_ Rx,(P.0)]f ()do + T1(P)

(2.11)
st. TI(P)=)_Px (P)—-C(X) =TI,

A TI(P) 5 41 T1, 55— B Ik o 2 (51 %= 32 £ ) s
?'Jié"pk— KA GE TV ARG R RE S A2 B

MR AR Y R AT AR R L G AT e b
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de Palma et al. (2006) A 32 frit gz W= & ~ v FIpEF S F o~ R R AL
\Wﬁ?‘?ﬁ'{ﬁgmﬁ:ﬁﬁ ST B e B S B R Y R K 7 S g 4
PR A~ BaE ﬁs«]m&%rig*w;w Fde 2 oo 3B E TR A kehdak o
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Yang and Huang (1997) 1 * <if #4132 » & 2 S FF R DR RF§ -
TR g R B AR Tk ROk R AL € 2k E B g o
U BERFRBRATRELDNIAT A LS GET R FET L hgik
EY AT L e £ 3 ﬂﬁﬁé&&’gwﬁﬁﬂ&$%%@g**ﬁr*ﬂ
&AL REDE > Ak ERED ZARFREAEGFEESIE2Z 5T 8 o
BHRFET I RIS AT FABEREY f“ry R I ffzﬁ,\,i P
S= R R &m§§” GREEFIREGERARL 2L BENF R
T B AR AT 1 fF o

35— % (2003) uf W B A H - LR KA o x0T B BREL B
o AP E M 2 s AL P RS XY éﬁﬁﬁkf”*%‘fi"tﬁgﬂi@”
ﬂf‘f & ”Fﬁ—i\“ TFORECE B 2 S T B B3R A 4T 8
HoSBRBENEARLEREREES ARG 2 F5d TR A A5
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Braid (1996) ™ =t i (second-best) ix P #i57 § Hic5Y > 3 g B BT B & pF
PleE R AP G R R o ok B RS P R Y o 7 i
3 & i f&(first-best solution) » X @ G enpe e B e » - FREV & 7 BB
0 RS AR e AR T PR R A R (AR BERE TG X
T S R RUUR) R M ALFHES (bottleneck model) e ¥ ix 323
(queuing theory) & AA# > F ¥ ¢ - GRS Y 0 B RISHERSE R F
BT XML L L BAERERL G L TR F S pBEATY 0 SRR
e B oot g TRz A2 2 o

Daganzo and Garcia (2000) 1 * f&47 44 472 % > & I - TPl
Wog o FREE BB A 2R E A A @ P R FRBRFEF A RERE T
Ao TE - BRERFETN Tk E%#?aﬁ«*v]i%‘f P R A B R A e
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Viti et al. (2003) 4 g A& S (bi-level programming) -z & i < i 45 iR
HoHAY gD R R gﬁ’afﬁ‘*fﬁ?i&"ﬁﬁﬂﬁfwf_ PR EE R K]
L kA Ao é] R RE e P B3N 5 B bk sea R 1 R i 2 & R PR
B TRRMAEE T ERRLE QFRERT bR F A

Boyce and Mattsson (1999) #£ 3¢ i A $2dp 0 fL 1 (¥ BRI R fom 4T
B2 P v T EPAes B oA LRARE BB AR AAK 2 Mo
- Bk 2 B A AR G ot Sl 0 RF A (logit) B RE D A
I3 0FE gL 3 iFant i) > B-H s %—}éﬁ;&ﬁ_‘%qi—r ;%ﬁ;:—u s @ TR P AL AR
FHPHET oGPt BRI I 0T ek JpEiep RN
¥
g8

I S
Be iy 131 0%8 jant blid- St pics > wE @R o oa b A AR A
B L A& |5 P &> ;@%% HAFAE R PR AR (TR B R
T BASTIEREE G Do

P FRZIFFTEAT Y o R KRR FE TS A 0 Verhoef
and Rouwendal (2004) Rlzas » i 5 4 £ doiv E A @B AT k dpth 0 7
LGB - LHIERT SR AR A Pﬁﬁmf’%ﬁﬁ ’*%\ﬂ\ize’?%ﬂ-%\ﬂ‘
SRR bl it - BREA A UREERY Db G ERE S FE - 2
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22 EH R LAY

SRR LA e SR R A FREEEE L M
TR R A FRERRRERE Y o R RN AT

Hsu and Hsieh (2004) £ = ¥ % »c 3 78 58 M iE B R e o 7
FRWEHOFNZIFIRE  EREEZ BRARLE T- H 447

B

i
BREEE S o RPN E R E  IE T M R ﬁvﬂfﬂb&’“'ﬁﬁm&#k&% T

GRTE RS HGS & R R N N

a“T”’

n=Zn(@T,t)= a, Py =0 (2.12)

BHe Z ZBHMmM2Zviscgdoaizizhpld TiBAV EAER D g
BFoti R @7l o

Bk (7T R B L R PR o PR R R ek (T R pE
FApRE > 7 4o 38997

a(t(c')+c)*T”
(©)= AT ’
0, otherwise

t(c')+c'e(c,c,)

He AL ZBHEM- X Fdav Zxcgy a0t g- BEk o t(C) 47
ftfﬁ%‘f“ﬁﬂ*’ﬁﬁﬁfé" P CR S VE R ¥ AR ER(C,C) R 0 B AR
CENE > 47 A t(c)+c B Ed e 8o

B 23478 - ZH@ERET 2 scf Banbl (o h(c,C,) PR FRIP e pF
B2 ong Zdt RA AASHAIES AR F]A L DIFEFEF U] F
Bk § RO R G a(CC) PRI B A g AR Ng  dkdiEde B
B te)+c > E D g BRI T kA T R 2k o
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Accessibility

benefit (A,,)
A AnlC)
0 C) C3 ¢ c+t(e) ¢y c* C2 24 hrs.

Time in a day(c)

Bl 23 H- FdElav 23y BFH %

B B A g as BREd e JI*{'I% i o ER 1 o B

o hCHT +t I R E 22 W B T SRR Ll o ) LR e B
1‘/‘59"7*“‘1&»2"khﬂ$f?’“ KAL) ZRF 58 s BERT 2 20F > LE(T
ml LR BFBE 20 BB A METTESCET &7 5 ¢

{ﬂ.

1
<

Am12 (c)= Aml (c)+ Amz (c +T1 +t1) (2.14)

v

FRAALEFEF2PEFFE L T E2E 05 ¢

Ann(€) = A, (C) + A (C+T, +t,) (2.15)

LR AR - WA (O K Am(c) i N F R ,T}KL_LLLEEF'“ Ak
g R AT 2 ,.;,:iiﬁ,‘« chr R BAFT LA D EH/EFEFTESR > BB BEH B
F B CT

C*:{CI _if A (€) > A (c) (2.16)
i A (©) < Au(©)

bR 2490 > A C)frAL(C) A W A T 1 BEE 2 ik 2 ok E o #
A, (C)ed KT ZHT +t > L LB 42 A (C)ehd & > v FA (C)d & -
a%ﬂ@ﬁﬁ%&sﬁ"ﬁ&%ﬂw’%ﬂ%&i@ﬁﬁﬁlﬁﬁﬁﬁﬁz
B AT 2 F R B NERER o A (C)d AT Ap 22T F o R 24 BT
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] | ! | T+t
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B 24 s SREFET 22 Y
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P T & S E B R N %%a. o g R P 2 B R AT

R A B R LB - BF P FE 2Rt Y g RE T L TR
FERG AR BIREFUGRG P 8 PR AR R T
FPf e @ - TR BB P B R B e B AT Y R
B o FY R BRERY R RE T L2 & Rl N AT R R e
82 F i 5 o

TN LA R L] TS S F RS G FERY
(B s RE B2 AR A R4k L TR RENELES > BN
A ERRBEELFRT 2 o Bt FL T U B A TR T L B E S blﬁf*’
Ao B JE A gole e F AT G &t f B0 1995 de Palmacet al. (2006) 7
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AR Y f B AT § ARl o 05 E - @R
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BEIFEVRB LD PR FE DI E 5D
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BA AEY Y PR A AR F REE TR A1 R AFRA
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KRR DA TR RN FREAZ BN FETE Fad ek FRER
ﬁﬁ§m%F”W a2 TRy R E A B B A R A A
= RN N 4*@‘5\'*“21‘4« D feat ik = A ?3“‘“@'?5" et g R
B A& r#é:ﬁwlz G A E R g HEE R AT PR
AAd s E TERARER L S A R AN REL N REEER ] TD G 7
PRZ EHRE - BEREIITEFEFERD RO T 50 @R
FEERS LRy " ERVFRER Eﬁ“ﬁﬁﬁi,ﬁ‘ﬁﬁ? - REREERT 2R
EXh oI RYF AT o e SR R ATE G SN GA
BN EER

3.1 %% wALEIE 7 3 Bt

ARG IR E B A st (TR s B R s 2 kg B L TR
Fh o A Apt T PLEPRE  Z BRI A E S ok SRR S AT
mﬁﬂ%ﬁﬁi’*ﬁmﬁ4&iﬁﬁwﬁ? B E R sk
MFPETAM  Bol ki HApa PR o e @ #9355 2 kv AR
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EwEp & - p 2 FRPFRD ﬂ’w%?_ﬁwgﬁpf Bk R
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F_L

FE VY Rl R P AL(T AT o UerT

T(k ) | o V) +p(k,) +&

U, (k,) =b(k,) +da(k,)+6 N (3.1)

9,0,a,y <0

UK R BREBREYRZEFE Kk E v R ELEER
b(k, ) SH B ak,) pRAREERR L STk, s vz wmERE s vk,) & FR
wF»t SNZRBAOBIRFTRE 2 BRIPPFFFEARL P TEFFEuF
E%Fé&ﬁﬂﬁi%‘if‘#ﬁ*i%iT,T&é%ﬁ'J‘ v pky) &k, FEER Y 0 Fle P REcy L
Foom R A2 f A o FP 2 Sl ~ 0~ a % y R Ll R AE LR
M EERBAEEE R AR FP RS RE R Rk AT EM
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el At Uky) * 7 & T 5
U N (kZ) :VN (kz) + & (32)
HPV (k) 52 7 grg 2 3R o

FRENGRAEREE ARNEPFEM A T s WRRRE S S
R NF A PED G OER G PR R AP S E R % e T
LIRS Sl S “'J_ﬁ'Q%ﬁ’g%’ﬁg%‘;\}—ﬂr—ﬁg\,j;,s}'szl;yiv|t|eta|
(2003) ~ Braid (1996) s#= 7 ¥ 4v > § DrB P H LR 7 B o FP T RH L
RAIRA K F o X FlE AT L AP AR PR Tl o BRK R R R
AP GERFR 0 EFERMF A AT 4o AT !

{ﬁz(kz—A), if k,>A
v(k,) = .
(A-k,), if k, <A (3.3)
S, >0

B AR REr RO REMRE > I EZREIFFRP I REpFEF o 7
kK,>A > €3 — 8LD| = & > PR3 ® B (k, — A) 5 4ok 7 3 pr R gl
YHREBEFE > 7Tk <A S AEHERGEE 7 F - [kt (A-k,) 0@ &
Py BRENES PR e E- Wel g E f, R o 1RiE4 4 (2003)
FrBRlr o a2 ) 5 A (e g ot 2 i %?lgkru;)**g
AN Fp 1&'#)7'3‘4@"]%[;'&! B #0159~ ; & 3 F&Fﬁl% B s F ) pF T4
%’WH%P“%F@Wf APEEREGE S R T A B P B2)F ik

2k, — A),  ifk,—A>0
WJ={ (3.4)

-(k,~A),  ifk,~A<0
Ot AT LRV AU NEER RE R F o TS TARE S - A

%Ts‘ﬁ&/%gﬁlﬁﬁjﬂ%}iﬁlg{} f(kz—A) ’;,H—\A’\]ﬁ"-‘? f—; EE l;@ﬁg‘b&} Av\]-ﬁbuly
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B 33 BPRUEFFF2LBIBE SHT LB
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[ulo) - £ (k, - Ay (k, - A) (35)

vik;)
MR g el SRR B QR 0 B AR E on T et FRER R F e

3.6 #7177 -

S v(k,) f(k, - A) (36)

v(ky)

B REREEN K@ FREE B b
expV (k,)

D expVy (k,)

k,eK,

Py (k) = 3.7)

BRASEE T A Z R ABERE B T ELAEERE Fy(K,) ¢
Fu (k) =Py (k,)xZ (3.8)

Ry WEREAER ORIV L RRREF S A LG g g
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Fu(k,) =0y xZ +Py (kZ)XZ(ﬂ(p)—Z§N) (3.9)

29O A ABAME N 2% = R R R 2 ] u(p)
Be B e A g r ALITRRZ B S HR T b FBEL G ARE R v
BB e BARG 0 RORE A g ARS 0 TR F R RE R G M G
YRl 34T s H - HERRNEFER L > P R RcE R RR 2 ¥
2 mzERE o FR PK) EAFLOTRLIABEIEL NI g hgpF
B e £ K, PREL2 v ) o
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£
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#
L
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T
B 3.4 B8 T & RES R T b2 7

195 # Rig B & (U.S. Bureau of Public Roads, BPR) #7#% &2 i & 22 :# &
Sfgeo BT ERAL Y o R 250 eT

5= St (3.10)
AN

ﬁﬁ%@?éﬁ$%Uﬁ$ﬁ@’ﬂ&%ﬁﬁi
T(k,)=L/s

L{1+ [F (k)

] } (3.11)
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