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Cost, MSC

price
(8 /vehicle/km)

] ASC = MPC
1> MECC

Optimal
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charge,
A
P
J ] 1 Demand
i . ! : (MSB)
Time Cost . ! '
|| Free-flow | [
Vehicle Operating Cost ost per | !
chicle
Variable Road Maintenance Cost

DI D* Do Density
(vehicles,

d curve intersects the average al
ost MSC' exceeds the benefit derived
*. The amount by which additional
cost of these D° — D* road users exceeds the additional benefits is shown by the shaded area. This area
represents the welfare loss from non-optimal road pricing. In order for equilibrium to occur at the optimal
level of traffic density D*, a Pigouvian tax or a toll, 7, must be imposed. This tax equals the congestion

externality M ECC, the difference between the cost the road user imposes on society (M.SC) and the cost
the road user bears (ASC).
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KE—AEHEENHERA S, B @ M 3 AN (Fundamental Law of Traffic
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Katy freeway, Texas

Katy Freeway travel times
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KEAR T PRIERE, 2 RERINAH TR @M L, o] DUEEERE o,
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- RTIEK: EEABMREM G RS (HPMS) $3E, F143 4 1983 4£. 1993 £ A1 2003
.,

- KTRiE: 1995 F4EAN @A 2001 FEE K FEEHRITIAE (NPTS).

- BETERERBHSIX (MSAs) FHIEIRTT L X . MSA GFE— B2 NI AZ 0 X
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1983 H-.1993 A1 2003 F [ B G4 Wa | 2 45 (Highway Performance and Monitoring System,
HPMSED) BT [A]#5 2200 20 4. WFTATREEHE, (EEFIH 7 1995 1 (&EMA
iEIHA) (Nationwide Personal Transportation Survey”) DL 2001 411 (4 K& BT )

(National Household Travel Survey®) . Ffij5, {E#FH ¥ XIS B EE R T AR ITX
(Metropolitan Statistical Areas, MSAs) , WEJFTIE K “I ik " . SEEIH 200 24317 1,
R BRI TR AR A X BN, H

TABLE | —SUMMARY STATISTICS FOR OUR MAIN HPMS

AND PUBLIC TRANSPORTATION VARIABLES '_E:’ﬂ‘] ?I%I_%él T ij‘—é% E‘]j;]jz‘ﬂ:]"fxt B: igz °
Year: 1983 1993 2003 R, BT 32
Mean daily VKT (IH, *000 km 7,777 11905 15961 N = e s

e VT ’ (62 (i2st) (31579 HBT A A R TR
Mean AADT (IH 4832 7,174 9,361 v e N LA A .

“ : (2726)  (3413)  (4.092) PR, RS T, W T
Vet G XS aEe o ATRRA MR I
Mean lane km (TH, per 10,000 population) ég;) ég;) (?é}” ,’Tﬁiﬁ% , ﬁﬁ%%ﬂ% —A/l\Ey\j:g‘ik
Mean daily VKT (MRU, *000 k 14,553 22450 31,242 GEEREIE, TN ¢ AT 0

can daily VKT ( m) L (R EARbR, BV “ AT RS
Mean AADT (MRU) 3146 3646 3,034 N B 7 (Vehicle-Kilometers

(847) 047) (1,059 g
Mean lane km (MRU) 3,885 5,071 6471 Traveled, VKT) . Z48F0H i &
(7926)  (9,119)  (12.426) e o -
Mean VKT share urbanized (THU/TH) 0.38 0.44 048 ATFERIK FE R, M ek AT
Mean lane km share urbanized (IHU /IH) 029 036 0.40 . .
Niean dhre ek ASDD r(l;lzf) 011 0.12 0.13 FER AR HRAE
Peak service large buses per 10,000 population 1.20 1.09 1.34 N " .
w0 0w XTSRRI, (5%
Peak service large buses 169 165 217 = N N
(63)  (562)  (142) KB N LSRR, A G IX
Number MSA 228 228 228 R ]
Mean MSA population 753726 834290 950,054 Ik E i A % (Interstate Highway )

s o M, U Sepes ot s T e e s ohon IR 1 9 2 B Bt LA RIRT Y
MSA. MRU denotes major roads for the urbanized areas within an MSA. E(] %\é&ﬁ E% ﬁ iﬁ E% . ﬁﬁ ﬁ % )f_i ﬁ

BE T B i85 9 2 6 0 )2 S
RIREE o A PN B o A B AN TE B S IR 1.5%, (H XSS K sT R EE B 1 24%. 1X
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TR, SR EE AR T 0 AR CE AL, K% B 0 S A PR 57 AR 1 e 4
B Ll R B AR ), 3 A B E S T Y S th R T SRSB4 T Th R, A

©® https://www.fhwa.dot.gov/policyinformation/hpms/hpmsprimer.cfm
1 https://www.icpsr.umich.edu/web/ICPSR/series/155
8 https://nhts.ornl.gov/
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P IA RN, AT CLE N SRR 2 R E AL A — AR, o — AR .
Wt Jm, I EB AL T SONAEL, AT AT Rl T BB B RCR o SX R BEAL 2 AL SR8 Bt 2
P 22 1) BT B

TRASEKE N 55 Beit R0L, ARSI T 7RSI MCR . TR R
HI T 2L SRR (AT RE A2 AN HOEk E AR AL D Kete AR 7 AR A . Flan, AT DR
HAFERFEAR I NP — 3R T 2 R B BT, 53— AL A B i i % 5 Y R AR
BRI ORI ) 2 S, FRATREMS R IE R K (R) XHTREKE (@) KRR

AR

TRARIIRIIET . EARI AR B8 T —H 071, TR T A 45 2
BEEA
« TAXZE

- 1947 PN B ey o 5 0 28 4] 25 1) PR 4L s 2R i
- 1898 4F F EER ML i
-1835 FZ 1850 4F  [H] 3 BRI AL 1) % £

FERfECE S, RN T =T R

A5 (Instrumental Variables, IV) :

LT =l - !
= e 1.1947 R FIEE A BN X2

= ,
ﬂi& N -
ST

% FeF- 10 R R S
iﬁﬂr 2. 1898 SEMIERBEBERY . ik T 19 i
0 e 20 R 3 [F 1) 2 Bk 0 A

3.1835 £E & 1850 4F (Al IR BE 2R -
’ - 03 13 YT R ] SR
FiuRs 2. 1947 US Interstare Hiciway PLa AT

Source: Image based on US House of Representatives (1947).

LA 1947 S 1 i 2~ B8RRI B, AR R AE AT By PN T T

1. W R: NZAE LUF, 1947 SRR A BRI 5 4 < 5% [ S PRiB 2 1 e 2 1 1) 245
BIRAFAE—E MR R . RO R RO RRIE — B FE L OB ol A B B8 1 B A

2. X Q BEEEW: FEINY, 1947 F 0 mEE L~ HR 2 2R T 240 (20 122 40
A0 BT Hh o AR BT, H AR R A EEN DR SE bt . BT ICIE TN 4>
REFPATF RN AGHER, AZRIAKTT RE BERGEN A R ET RS A B (@
BT RE K.

IER L, 1947 FRMRIE M A& TRAARKM A REAEIT: —25H%E R CHK
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KR BFEMKL, —RMGEN R MHEZRE Q UTESRR) , A2 Ak A AT
IIESES Ao B

A, RAE T RAZRAE MR A AENE R B ARR A R (B RO T R B, T
HRH A HEBRIRGD « THAR A REE PN R REEEW Q, MARET H Al
AL AR HAEF Q.

SRTT, X — AR SE B R MER SE A I0IE, R REdE TG LA HEWT. #m)ihil, TRAR
REFFER K ME R — MK, AR 78 4 UESL iS58 . X R TCVE LG UE ) =) IR 1 2
FETRACE M4 RAE TG BT B A, Dy, (R RA T2 T RACE" 5,
G ZA T AASE (140 1898 4EHE: KR M A1 19 ARG IRZ) , B m THAR
RISy R, XL T AAR R 5 A JUK AR B T BT Fe 8 A& SRR

- IHBREE 2%

o AHIME
ARz
o HeBRARME
- R 2GR T 2T 2 HE B AR
- BREEIZE AN A TR, Fh H IR AEANZ (45 K08 I PR s 5 3R A

FHOALHAERIET 1898 4

1) 5 |6 2R 2 P o XA ERF ] R AH O
54 R WA ey s FEAR DG, X — A
Al Ll gt AT . Bk
Ui, o] LAEH — AN s — B B al
)97 (First Stage Regression) , BT
BARS 7 % R #4TEIA, ZRER
I B fEGH FAEW RE . B4, 1

- Lo Zoegit FRREE? BRS RAR
FIGURE 3. 1898 US RAILROADS FEFie, AH SR i) ) LSRR

Source: Tmage based on Gray (c. 1898). -‘L#ﬁg R f‘?ﬁ ﬁlﬁ %“ Z , iz%;[; é}ﬁ.‘d—gﬁiﬂ:‘% EU%

BRI R 5 5 IR (R AR S A A R 1

ZEF TR A 2 I8 HAR Ty A BACAS@ A, T A AR R 5. 1898 4118k
HE PRI, SORKIACE FRMFEAT LA B R, B A& DA xT 4
R R A ] % 3 RS o

FEA TR ERIREH
f1#% 4k (Expedition Routes) .
BT 2 S AT IRAE AL, X B A
R, BAMS, X T AR
HWILFERE ST, EN5IMA
PR AT JR A 3 A DG, R
B & RIS, At
HoAh AR M 4 R 1 A IR
AN A2 T B A% o ) A K

FIGURE 4. RouTES OF US MAJOR EXPEDITIONS OF EXPLORATION, 1835 TO 1850

Source: Image based on US Geological Survey (1970, p. 138).
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EHER
¢ BT TABRVSR, HAhs TR

TaBLE 6—VKT as o FUNCTION OF LANE KILOMETERS, [V

(1) 2) () ) (5)

Panel A (TSLS). Dependent variable: In VKT for interstate highways, entire MSAs
Instruments: In 1835 exploration routes, In 1898 railroads, and In 1947 planned interstares

In (TH lane km) 1.32%%» 0.92 %%+ 1,03 %8 1.0] #*# 1.04 %%+
(0.04) (0.10) (0.11) (0.12) (0.13)
In (population) 0.40%** 0.30%** 0.34%%* 0.23*
(0.07) (0.09) (0.10) (0.12)
Geography B Y Y
Census divisions Y Y Y
Socioeconomic characteristics Y Y
Past populations Y
Overidentification p-value 0.60 0.11 0.26 0.24 0.29
First-stage statistic 42.8 16.5 11.8 11.5 8.84

EZH B AT T —3KBIAZR (regression table) , AT Z A W] ff e ix 2R A% . I8
IO, B—% (column) AR — MY, XL 2 (AT REAAAE — L8 22 5%, lnfliit 7
EATE . 5K T HAS 7% (nstrumental Variable, IV) #EA74l 11, 1158 — 2551 0] 8K
FH I 8 RN AR AL (Fixed Effects Model) AT At thak, AFBAITTREERE T A )95 32
& (Control Variables) , il n e A | PEA 25 (Geography) , 1M 75— Y& K% .
W, 551 FIE 5 I E B X G T s LA E .

fEiZRY, FIAF & (Dependent Variable) Zt— AXIEAI AT B A B2 (nvkT)
M THAE (nstrument) WA 7 =FAFER SRS . SAHEETESHRE, XEES
FToRGutREN. HinA =NEYS, BREZRIEST R S EEEMN. A, RECT
T HIFES R R T AT IPRUEIR 2 (Standard Error) , ‘B T A TH S R A ANH e PEVE

EARER IR, FHREAR T 2 — AL, BRI A THE o] DLE R 2 — N 31E .
RESR AR BENLAL &, XADIE SRR —E W imiR (RIAHE M) o @ g2 -5, gl R
BB Do 2 i e U AN £ R & 1.96, X2 T IES oA EEXEED , 7L
FIWfE T RECE R R . WRIFEER KT o, WU REME M EEES TS -
BE., WRRFEZEKRT 0, HIHEEE (W treatment B E) S5HEA R WAL
FIRFR; WRELT 0, MEMEMEZRIRAWERKR.

EREH, F=FRIEFBNTRMEIALSR . XANGRER, ERKE (R) 55
TS A BE (Q ZEIMFEMEN 1.03. Mt dl, RS Q BIEME, Hirtk RECH 1.03.
EEWE, EHRKEREM 1%, EHTH8A BB SN 1.03%. X —45 0K, Ei
P ATl S A W R, HOR RS I .

Brsug R

o MIFRmEIEA RS VKT AEX T 2218 20 AR 3144 1.03,
o FEIEKLEIGIN 1% ERES VKT 3900 1%, ik, ZiEHE kA L.
- 1000 KiE %, 200 4, 5 KIEFE, HiE
- 1100 KIEH, 220 %5, 5 KIAIRG, AHIEIFEEE A4 !
- AR A B 2R TE AR R B TE Bk S AT B 23 A

W2, WA RN 1%, B4 VKT (ZEHTT LA BED W RN 1%.
XAy 1 A RARR AR, FOVE RRESCEIIE AR AR . A
We? FAT AT LA L — A ] B (R 51 SR R i

B 4RI — 2% 1000 KK iER, LA 200 H4-7m50, B4 2 /AR 5 K,
IXFh IR A28 A LA . BUAE RS B8 K BE B N 10%, A8 1100 K. AR HE [E])F 43
it R, VKT a2 380 10%, X ERE FME0E 2 M 200 38 N3 220 #. & —F,
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XECZE 2 AT R AR AR 2 5 oK, DRSS I A B I 7K A8k o IR TR SN 1 1) “Hdr 2
5&” s

IRFNERT 1, BIAEEE] 2%, A VKT I KB TER R ERE K, SECE™E
M. MHB InSRSRIEANT 1, B0 A 0.5%, BALE 1100 KAHER b, 2R AT
REDCHE N2 205 595, AHECT ZAUAITEOL, ISR AT RES A T E i -

Rl 31 y 1 fEE SRAEH O, & EEIRIE T A a3 A5 (Fundamental Law
of Congestion) . X— IR MR, FRAE T e B R 2 A4S v RE 2 TR . 24U
Hhy, G SRR BR E LGN 10%, Hos HILRBIREE R, BAS @i & N SR i YR
Frs R B AR o IR AR XS RIFLE) “ 9B 7 SRES RS G374 T st

BN 1 RFEER X
o WIS TIE NI LB R

1;_3’2 2 TasLe 7—VKT as A FuncTion oF LANE KILOMETERS AND Busks, POOLED REGRESSIONS

OLS OLS OLS OLS OLS OLS LIML LIML LIML LIML

- %%ﬂ:%yim//l\ i@ﬁfﬁ% (m 2 (3) ) (3) (6) 0] ®) ) (o)

Dependent variable: In VKT for interstate highways, entire MSAs

AR N In(IH lane k 107454 0.82%4% DBE*** 0.86%*% 1.06*** 1.06*** 1.38%+% 0.96%+* 1.09%** [.1g*+
- 1000 *JEE%; 200 Z’Wﬁiy 5 ?KIETJ e eny (0.04) (005 (0.05) (0.04) (0.05) (005) (0.08) (0.10) (0.13) (0.17)

- In(bus) 0.14%%%_0 023 0.026 0.039*F 0.02]1** 0.012* —0.035 —0.081* 0.12 0.21
IZI% T}% :[%‘ (0.02) (0.017) (0.019) (0.018) (0.009) (0.008) (0.049) (0.046) (0.10) (0.14)
i In(population) 0.51%%* (. 40%** () 26%+ 0.32%0b 0.50%** 0079 —0.15
o N (0.05) (0.05) (0.12) (0.10) (0.12)  (0207) (0.27)
- 1100 >KiE 2%, 220 %4, 5 KI[A] Yoy Y
Y Y i G 4
=N —| () z Y b 4
Igl% ’ *H H %ﬂig E,:J Tﬁq :[% ! characlerlsllics
811 e 2 S 1 e A BB Sl R et Yy Y
G Y SA fixed effects
B AR A N IR AN R T O

N Overidentification 0.90 0.46 047 0.38
S - i

233
In 1947 planned interstates, and 1972 presidential election share of democratic vote.

- R A R E R H Y
I i A
. iﬁ/}lﬁ %’I%‘ % % LI& ﬁj{ *Significant at the 10 percent level.
- A B 1 B RO R A
MSA BAT 5 24218 2 BLEUH G i &= (1) N TE 2R 7KF .
- ATERE N T 51X — B R AKCE sk
- AADT: 7E M B i 2 8% AT AT i b 1) 42 5 4
-x: WIGREE AADT 7KF

211 9.53 5.68

ssions include a constant and year effects. Robust standard errors clustered by MSA in parentheses;
ns corresponding to 228 MSAs for each regression. Instruments for buses and lane kilometers are In

FANEERETERE, RS E TNy 1, BER D IE KR, SRR AT
IR R o IXAOUE T8 B 3G I L, IS T E b . B, BRI SR
1000 >KFJiE #%, 200 %4, M4 RIMIAIEE )y 5 K. Wi SR 18 B 440 %8 900 K, ZE4H%L
w22 180 W, AN Z BRI FEAK AR 5 oK. XEWE, @idfem At sa gt
25 R PR A I A B A T

BERX — R R, VEE AT 7R A, gl N TR ERETTSEHIX (MSAs)
1A B, EE R KELE Ry B H ¥ AR 55 £ & (daily average peak service of large
buses) . JHIIIIAX—RE)E, FIHSHTER, EEKE (R MEMOATERE (Q Z[H
RIBPEATI SR LN 1, LA, (AR B2 M RS2 BIREm . o8 TR A H R KA &,
AR, ARAEE. R HER. AL E s AR P @ S . 2d
LT B — @ W E T, AR A AE i A (38 oy 525 0

HEAh, WEFCER I, W AR A — i P R . R — AN T 4G A i@ i
R, HARASE KRS MR, WER— DA RAIGE B R s, HRRZ
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R AR B . IXR M, STIE R AR — AR B RAEE R, — N S IE A KT
AT 2 5 5 AFERIER I OGE, MRS 4 BB B AR BOR T W 24« X — Rt — B3
W, S A R BB SR A T 0T K, KRR IR E IR R B

DA ERHE BRI R

o NFZEE A BE 10%15 K, VKT MiZiEK 10.3%
- B LA R VYA KU -
- 19-29% I Kok H -~ 4185 VKT
-39-51% 1 Kk H AN A
- 5-12% G KR Bl %
- Be% 10% MKk B TE B E R AN
= AILEIA'\ él:‘Il: H

- BN ASE E R E REMAN, FHECR R OGE .

XS SN A I E ORI, BOE A E A CRYE, 3T T — A i et
(accounting analysis) o TEFEIRIT 7 HIE KK EIG N 10% 0}, 17F2 8 BB 2 G0 10% 115
BUR, XS (47 R ELAAOR YR T WL R 2 . BF 7R B, Ik 6 i 194 X 0 R 2 4y N DL R YA
KR
KB 295 20% % 30%1) 1 &

M NBATTHER: 295 9%% 40%[1)3E 5
ANOIERE (BRD : 2915 5%% 21% 1 &
Hohi@sr 7 B AR % b7 10% 11 = .

X B, G SR IRA A B BOR T UOR G2 A A B, B SR TSR BT R A SRR
o fihn, T DLd ik e s 2R A B AR AN N R A A R AR AR TE B T T . 1K
Fh SR AR A IR BT T B8 B BB M S8 I A B ) R A S

SRS, XS 1A B AR, FHVRd /i 7 X Se R i pe A . 9%
T EHE VAR AN SE AT, SR T BRA T IEHE SR SRR e S5 1, (R B H  il E 28 18 v BB
FRME T HNERTE .

Wig: BATATABREEARG?

o T L R R O B S B AN R e > 22
o AEAE R E M UM ER L

R EES

- M

- DIR IR X .

BEAk, SCE BT FEM 51K T 55— MEAR N M —— W R EAIRER — L OB i i
ARG, SRAE AT WRIESCE WAL JRER E I 2 B AN 25 R A IE 3 Rl R4,
FATR A HA T B Rl A B 7 s B AR I SE R TV 2 Ui . i, e
(VRS A ERPA G J (s s MR TS ) o R ol A B e JE RS, A
M HIR, FTUREB B b, EF NI ERZ B Z TR IR —— “IhiiH
7 o VR RN T A B S R BE 9 R B S AN XIS 70 B R /N R X I8 8
BRI R B AL X, RO E AT 1 30 A R X, S B H A 3 PR AR A5 5 A
Ao
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P52 b, WS VR 22 o S X S A %, 481 G IR B s 93 45 (Interstate 93D
KRR A S A T O, HJE RAERRR, B R SR o X Fh 28 B 2R R
W, BE DRI ST PR T 62%. IXFEIIZRBIBI, & 2 W3 T R A g
WS SR AR A I R, IR R R AR TR T .

ZH:. PP interstate 93 TP 62% I FHIETE N -

Before

V. REAIEA LR BT ? ARG ?

e Gu, Y., liang, C., Zhang, J., & Zou, B. (2021). Subways and Road Congestion. {3&E & 24
& pr22 ) |, 13(2), 83-115. https://doi.org/10.1257/app.20190024

I/ 5%

o FE 25 MALFEYE T AT 45 SRR, WRIVER: 2016 4E 8 H & 2017 £ 12 H.
- EAL BRI T e A D bk A B

o 17 AN REIR 7 DA BRI ek R G, (RAERI ST IR B 2 B A A .
- EPREEIT 5 — 2% R AR 2 B BB — A R R B T T I B

o FLASIH B bk 2.5 2 HLYE R N 1K)

TE % AT BRI RS 0.1

- 1.3 Ji BB
- M\ 35 TiAME BB T | L s i uﬂ
(17 18 42, 5% /INB 3825 UL 504 2 H' [ “ l H ]
o HBRLR IS TS SR — ), b HE § ﬂ Jl
T8 2% B 14T 25 3 B AR 00T R B A SNy
T4 2.5% JH
o N, MBRWMEL 5%, 25 —0.05 —
N REFFALETE 2%-3% L[] . —Lloiéﬁﬁiﬁééﬁéﬁé
o PR T 3.6%%F] 4.4% 2 |1 Weeks to subway opening

KT 7 — M GBME R T2 RIBEE 2 WA A  deit, Hlinitek. A% H
B, BATHIES, RGN RCE BN ? Xk, JERURSEICFE R B R4 — B e
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R SCEE AT T H [ Kk G A T 2 M R TR A2 E A R

EESEAENH, P E AT AR K R IR . 2000 AF A 2020 A, 4 E RS
FEMSK T H0 R, SHA R T B 4 DI E] 30 AN, BRFLVEERIA T OREAE,
Fr 7 AN B 7E 2016 4F 8 H & 2017 4F 12 1) 16 AN WIIE, LA 25 MEITHITE 1 45
MR ZR R . A, AEFIEEL T 17 A O MR BT R 5 Bk R 38 T AR Dk R4

(control group) o JF 7T 5 p5 BUAEE 1 Mt A2k oty ] 320 T8 B 1740 i 47 3 5 -5 06T TR 3l v R 37 08 4% e 1 73
FEM 2257, 25 S ARG I 18 11 J 10 % R A 7R FE AR AL

BART S, W RMET ke &l 2.5 2 G H BB, JLIEE 14 130 75 218 2% (1)
BE, Wi 18 1442/ NI RAT 3 B e %, BRI o K. SR AT R B, FEHR
PRI EEE S, g R T R S T4 2.5%, B PIRA 2L 5%, 15148
WO BEIE R EAE 2% & 3% 2 Al . X e gk Bl i SR & B P W OXE E ik

(Difference-in-Differences, DID) HEATIGUE, iR 1 4R Bl SEME.

SCEEE I DL PR T M. B e, AERTT ISR 3 T R, X bk JE 20 3 A Hb
BRI FT S RiRAT B AR AL . DA AT — 8 (8 G-7) MR ERdE, THR I fE A A 1)
TRAT IR 22 5 o [FIBSS, 3525 RS A @AM B ] B8 52 212247 1 A0 R Bk DR 3R g e, 49 dn 46 2
IR IR RE R OR, AR HAC @ E R A | T AR . Rk, S5 BRI L5 = 1+
P, VBRI MR I BIR T AE N S B, I 0 bk eI T IR iR AT S B AR, i — 2D 4%
1) At T ] A O BT 2% 1R 520

X Z VA O IE T AR B 256020 (treatment group) AIXTHEZH (control group)
HITFIEAT A4, R = B 25 kAT UL, S BIBUR 52 . B, fEiedrd, gkt
I8 5 RAT A B e, (X —$E T BESZ B 2 P R FE IR o o d i 5 o0t R AH ) T R AR Ak
ATXFEE, BB B YR A b Ak T M e XS R A7 P R S PR DR o 3P 2 ER TR A SRR X
AR BRI, DAEBUR MR M b 2R A .

R b, X SCER AR Z 075, Bk 7 AR IS R 1 TE B AT R E A, G
FRAL T I T MR R B U n] S M AT JE A 1) SEEYE o XA O VEAMGE H T A A, WAt
Greh SRRV TR L T B S

7 SN

MILLER
o —UEiZH:
- LSO e R E T A ﬂ N
H & o All 4 — e 0.031(0.007) 17
T/‘\E ’% T 3 A) ] Di‘rectly affected - %—1 0.047 (0.011) 173
- R AR S B 0.5 e T IS
— dy = (1,25] 4 r—a—— 0.022 {0.007} 173
077 JLLIIT- o omgms— 1
» ‘\ ‘/\ 1 \\ YR F— ogonal - i —— E . 3
- ﬁ%)j Hj‘ IEﬂ E/J 1}[ {E‘,f& Tﬁjj:l: ﬁ E/J More congested -  —— 0.04 (0.011) 2.2
EF‘A Less congested I ] 0.019(0.005) 142
° Highway/expressway - T 0.031 (0.011) 158
- T T I A 25 A e Subarorl roads | [ S0z (@oor i
> > i 1 : .007) .
A e | [ sssomn 13
- R RIS 16 AR . | = sgsoms 1
dnTSY ] — Sossocon 173
HE e tatmy P
. 1k o 2 TR = h=(@25,:).da=(1,") — [ . .
— X\ T Fli T T
fE& it — ‘TIX_ RORHAT T 70 Lt - ) o~
‘@ﬁ]\*ﬁ o %%131_[‘%%%—‘/'\%2&15 ’ Coefficient

{E ﬁ\: g ﬁi: ;%2 l]['u] ﬂ ﬁ% Z_\A Ia E%é MS Ejz% ’ff{: ﬁl]_j FIGURE 6. HETEROGENEOUS EFFECTS BY ROAD SEGMENT CHARACTERISTICS
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Sto AT WX — i, TR — AN EYSEIn g st RS REXT AR REA R  — €
RS, (BN R BE— B A, I 7 R B IARE, TR R IR & I 2 25
PR DRI S 25 0, T AR A 2 U AN A7 A KU o XA 20 47 07 1% B AR 25 SR A vh B A R R A 0
AMRAE T [F) - P ) R B AN R SO, B “ S ar”

FERR S, AR @B 7 T UL, 0 A T R AN R TE B ) S R A . il
X B B BR SN (T e, BRSO I 1] 52 B ER M R IE B, R A
N BEAh, FEIL AR LR B (I B S SN UK, T BR B A E B BN S BR R BT AT
(T B SO B O S 25, 1T 5 L R 2 B T ) Bt AR DU A X e 95 o T St o P 0 B 10 445 R
For G, WP SR TAEE i aiie .
BJE, AEE DALROA BT T AT RGE VPG« DFFUR I, MR IR 2 e (s 3 B AT B ik -~ 34 4
1 3% BT EME RO TH, I AR T AL R R AR 147 16 [T AR
1) 1T 2030 a0 A R X — 28 5 Bk (3 BERRASHEAT 1 ELHR, S SRos, RVAE Bk At
A, AELE T E S R SR A AR RIS 4R TR

RRESEFENEARRTE?

o HAETIEHA .
- AU 8 3 J AN
- ESHR
- Wl — PR

XFERIRT TR B HEATZ AT SR SCREAT G ? AT AT T e, AR E
ST A B A WSS A 0 A RS IOA T AN 2 A R BRI B, T I i S AR DU B RE S
GBI . WA, ZWENERZEETE? A UM R ER R .

W, BRI AR AR M . O —SER R W, AT SRR AR T BT
SR 7 BT 5 T AT REAFAE — € R BRYE, TS ME 1 SR i HEm P . K, BT RER R =
AR SR AR TR ROR, AT RO 6 Ji . B, S8R0y @ S mT Re g i ans, [
VBB IR 1208 AR, WKIIRE, BE 2 WARRBER A EIE, Wi
W WAT, SBCCEERX LT, B 2 EA RIS . XA “ 0l &K%
RN 8, BT IE HAE YT P AT e JC IR R AR i 2@ IR DL

DRI, TP R SC B ) 22 5 R RE S 1 I S5 K RCR I AN TR, iR fl B R I o 2245
SINFTEERIZE 18, AT RE— AR T Lo AS [ I TR 4 52 1 3 B 4 o S I B s

T, AR

TR - RBHER

o WM IT

- 2003 4E2 A 17 Hilg, F—2
Tl B 7 AT 6 JEIEL, A
WA B X 3 1 38 8 3 7 22 S AT 5 BRI
e, AR,

Fig. 1. Map of the Original Congestion Charge Zone (CCZ) & Western Extension Zone (WEZ) Source: Transport for London (TfL).
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o BT
-2005 47 A 4 Hild, WoRbrfisemZE 8wy, LR mEHEERSE.
-20114F 1 A 4 H% 2014 %6 H 16 HIE, WPk M 8 wegsiem 3 10 e,
o ¥ 5K 55k
-2007 42 19 H, #EHRXY R ERZ P IEEL.
-2010 £ 12 H 24 H, HTAAES], H XPEHER.

i aa
o ZTIEARL

- RWATH SR T 20% (M 14.3 A B//NBIEINE] 16.7 A B/, ATREZER D
7 30%.

L AL 2 B/ b 1B W =N e | =1 3 [T e
o TS Mk

e W A e ) S D T 28% . 22% K1 29% .

o HAh 2

-LCC IR AR, TP IX N NO2 A1 PM10 FIHEBCER B> T 12%.

B I Y N es SRR AC IR, i —FhoO7 il i PR TR SRR S H, g an ik Wi < i
g, XELL—RS 4N (The Cost of Traffic) P SCE NFI, SCESHT 1480 0 A8 I8
PR BRSO X3 (8FR N Congestion Charge Zone) 7E 2003 = 4h 3L it
WRREUCR, BERATAEHME 7 SEK 6 4 30 02 8], #ENZ X455 A 5 98
e . BUE, WPhrAEB 4R & 2005 fEEKE 8 SEB%, 2011 fE4RTHE 10 BEEE, 2014 4F
BE— BIKE 115 %55,

BEAh, B P X S Y A A BT 2 . 2007 A, UACHR Xk R VA BOHAT TR,
HEH T AN, PIAE B SR IBURAE 2010 SFEET . B A i 2 X 3 = A P AE T 0o

X — S PR BUR Sty R 1R ROR . Bl BoR, W R EBCR AR TR T R = T
21 20%, FEIBMFIEECD T 30%. Ho 5 R RIE T-VF 2 R eI B A A K L N m) | A3k
T T H., #ER, AREEHEMLD T 27%, MHATE . A3 M A L4 H 2= 4
FIEIN T 28% 21%F1 22%.

BEAR, SEEUS R BRI oK 1 FHoAth 25 4 o 9 4, 23 A0TSR 0 3 BRI, U — S (NOD
1 PM10 HEICE P> T 12%. XL 38 AU SR T 2SI, fﬁﬂ“f%% NIRRT
AT R

A E s ?

-wéML%ﬁ@°
BHERN
-ﬁ%iﬁ%%,@%uﬁﬁmﬁﬁﬁ%o
- R AT @ERIN
- JEEIEAR K, RO .
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