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Abstract 3
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The formulation




2. The formulation 7
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Fig. 1. The joint railway and housing development model.
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2.1 Residents’ location and travel choices

I 2.1.1. Travel choice
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Fig. 1. The joint railway and housing development model.
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2.1. Residents’ location and travel choices
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Fig. 1. The joint railway and housing development model.
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2.1. Residents’ location and travel choices
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Fig. 1. The joint railway and housing development model.
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2.1. Residents’ location and travel choices

I 2.1.2. Location choice

Developer | —» e(;ptrirrlnaiizil)triggt
u ﬁlﬂ R (bid-rent theory)
L FEEHOT CRAMICH L TAML(bId) &7 R e,
L\?«‘ﬂﬁﬁ &AL
Demographics & C ombmed <+— Residents

Socioeconomics, equilibrium

i

WPsk/rzz _ bSk B Mrsk 4 ok . Is? +wp (10) e Locuton

TUEBE WEAE RITRHE (B .h"“sj“gs“"p‘y T 7T

WP/ {8k, B bs o ALED, ol |t
BE#HrDEEX A Tv~DOXILWEBE
(Willingness- to- pay)

bk ARLZE DEhFKEE (e RS*K), u"sk:priEREkDIER AT 20D FrsfE D iRITAZh A,
sV EEHE R R (ot size), a:/XT7 XA —%, wp:EBOER L EHIE27-HDRAEIE

Fig. 1. The joint railway and housing development model.
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2.1. Residents’ location and travel choices
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2.1. Residents’ location and travel choices

Optimization
e.g. max profit
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Fig. 1. The joint railway and housing development model.
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2.1. Residents’ location and travel choices
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Fig. 1. The joint railway and housing development model.
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2.2. Developer’s investment decisions
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Fig. 1. The joint railway and housing development model.
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decisions

2.2. Developer’s investment
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Fig. 1. The joint railway and housing development model.
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2.3. Impact of joint railway and housing development 17
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2.3. Impact of joint railway and housing development 18
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2.3. Impact of joint railway and housing development 19
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2.4. Sensitivity analyses
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2.4. Sensitivity analyses

I 2.4.1. Developer’s cost and revenue
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2.4. Sensitivity analyses
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2.4. Sensitivity analyses

B —{KHER & RRINE

Scenario 1

Scenario 2

The total profit (*1000HKD)

The total profit (*1000HKD)
Total profit (red)

Total profit (red)

18 - ]
Y / B - SO [ AN \ \
sl /S 0 ~_ \ A ) Y Y NV L
s/ / O wm | 'I NS N
i i o > ¥ \ |
ury S S ST N P Ry 2%
T ol 2/ {,-’ / ™ ) el F,.' B ©|
E ! . \'-.. [m) [ ~ "-.‘ N
© 10 -.r"l _I.-’I /"’,\ T Ay ! L EF 1 ¢ \ oA
_g / ! ! J f/ \\ A\ E [ I. -I
> \, T I| | ! \ \ \
@ 8 N w a4 | 3 I
I 4 [ T | \
_— / o oL
6L 3fg 2| o ( A% B el
A = | I-' | = oo W
/ | | [ { [
4 L ? _ vy 4 2 o | I.' I.' | u
~ : — - | | | i i
‘?.-’3';?9‘9.' 27— —Tm8 [ I A |
2 e e _-I — - —— 550 7 _— 1 | L | I L I * I | I |
10 20 30 40 50 60 70 80 a0 10 20 30 40 50 60 70 80 a0

The proportion of Big housing uint (%) The proportion of Big housing uint (%)

Fig. 4. The total profit or producer surplus.
o £ EfE E%6ﬁ,ﬁ§£1i%1%é%ﬂé\55 % {3 THRUNEE R KR
« B SREEROERE AR EEMIGES55% I THRINGRK

. é@@%%ﬁﬁ@omvfU#?%E@%&ﬁ%éﬁ—ﬁtt(%u%it@@b@u)



2.4. Sensitivity analyses

I 2.4.2. Residents’ choice and surplus
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2.4. Sensitivity analyses
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Scenario 1

The total consumer surplus
(High + Low income)
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The total consumer surplus
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2.4. Sensitivity analyses

I 2.4.3. Comparison with other objectives

Scenario 1
The social welfare (*1000HKD)
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The social welfare (*1000HKD)
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Fig. 7. The social welfare.
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Numerical studies




3. Numerical studies

I-E

« CBDA'—2®mono-centricilm
2REL, MEERZIT).

« zone 1&2IZEEGFEEH,

zone 3&4 X HTHR ETIE FB{EH,

ZTNEFNOy —viggkE) » 7,

SREK U THRIENS.

M3

Highway link

Railway Line 1

Railway Line 2
(planned)

' Residential zone

(planned)
BISE : FIZESAIL - e LI e G
. SOBHAR2 07 B B A SRR S
« zone 3&4D{FEMHHE Fig. 8. A TOD network.

¥zone 1&2DEFEMIG, SKERGERIOIERIREIZETE. 7-7- LEEIXZEEoJHE.
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(@) 1HF1I@BEETHY, R(7),(10)DHMERITIX MCEDEBEMEEIR,
(b) 1HHEY7-Y IFDEEICEE.
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3.1. The optimal joint railway and housing investments

) sEtEEoR

B E

Table 1

The railway investment decisions.
Indicators Unit R1
Headway min 5 (fixed)
Fare HEKD/km 1.8

Table 2

The housing investment decisions.

Housing type 0ld areas (in 1000 units) New areas (in 1000 units)

Zone 1 Zone 2 Zone 3 Zone 4 Sub-total
Big 15 15 2.8 (5.5%) 3.3 (6.5%) 6.1 (12%)
Small 10 10 20.3 (40.7%) 23.6 (47.3%) 439 (88%)
Total 25 25 23.1 (46.2%) 26.9 (54.8%) 50 (100%)

R2 Tl ELERAYEE UWNFI EE FE B,
zone 3&4(Z :Bh\’C/J\ﬁ”TE:&ﬁi\% ==

CBDIZ

YT \Lhzone 412

EQUES “75‘7& ST h\
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Highway link

Railway Line 1

e x EJ B Railway Line 2
RS A / \ > anre
RBFRHFOZEIIZBITE T TLHE K BERS R CHMICHZE. |
" (planned)
Table 3
Residents’ travel mode choices Fig. 8. A TOD network.
Group Mode Zone 1 (%) Zone 2 (%) Zone 3 (%) Zone 4 (%)
High Auto 69 42 50 22
Rail 31 58 50 78
Low Auto 56 32 43 20
Rail 68 80
EFAEEBDAN CBDICiEWW& &
wEHNHEEKR 5 THEFER
Table 4
The highway link congestion levels (V/C ratio).
Highway Link 1 Link 2 Link 3 Link 4 Link 5 Link 6
V|C ratio 0.77 1.04 053 |1.02| 0.55 035
CBDIZiEZW Y
\/ N=[pV
Table 5 7 TR
Residents’ location and housing choices.
Housing type Group Zone 1 Zone 2 Zone 3 Zone 4
Big High 7.0 (46%) 4 (54%) 3 (49%) 1.9 (58%)
Low 8.0 (54%) 6 (46%) 4 (51%) 1.4 (42%)
Small High 4.4 (44%) 7.7 (51%) 3 (46%) 13.0 (55%
Low 5.6 (56%) 3 (49%) 11 0 (54%) 10.6 (45%
able 6 CBDIZ LW E ZATEPT
able =] T /\
The housing rents. T?E 2 %'ff 7)\ L
Housing rent Unit Zone 1 Zone 2 Zone 3 Zone 4
Big HKD/day 109 120 123 131
Small HKD/day 108 114 106 114
CBDISAT & oA TREKX



3.3. The overall system performance
$F ) FHEE

Scenario A: kB L (FED—FER (KETIL)
Scenario B: AR AEZBEOLDER—ICET ((FEMHE - hEY — LX)
Scenario C: AR EE# IIBIFEEHHEFA—ICKEL, HEY—EXDAFHEIL.

Table 7

Comparisons of the overall system performance.
Outcome indicators Scenario A (Joint rail and housing investment) Scenario B (Same rail and Scenario C (Same housing but

housing investment) optimized rail investment)

Total travel time® 533 539 10.5% 539 1.1%
Total consumer surplusb 1340 1237 -7.7% 1238 —-7.6%
Housing investment cost® 1736 1880 8.3% 1880 8.3%
Housing revenue® 2049 2092 21% 2104 2.7%
Railway investment cost® 234 212 —-9.4% 233 —-04%
Railway fare revenue® 107 62 —421% 110 2.8%
Developer's total profit® 185 62 —66.5% 102 —44.9%
Social welfare® 187 63 —66.3% 103 —449%

# The unit is 1000 min/day.

" The unit is million HKD/day. IZ& A EDIEEIZEHB L TScenario ADFHESL !

¢ The unit is million HKD/year.

& TNZTNEMNICITS BEICHARTHELFED—FHNRARIIL Y DERNTHBD I &
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BB EED—HAREICLLINRZHONICTE7HDT7L—LT—7 DIEE

BHENRECHET —ERE WS-8 A THREBELEED—FIEEOEEED
DO o NT-,

B SR EEREAEBERE T 258 EFEER—GDO LA THRS.
L7=2'> T, FIRJEARNDTTEHHRAEZA TOEENHBEINDE LH1Z, I
TOEERANDRFU.ZIEBRT D EVHEAL D, TEREFRIELOEHICEL
TIHMEEBBREORABEZTONETHY, TNIIODVWTIEEELRIMEINILE,

B PPP(Public-Private Partnership) % & # 4 72 AN FET 2 RO EEL (2D U
THERBXICHE T B ETIVISILRATBE. ABX TIREMOFREREFEAKE D
BEEEE LD, ELDHBEICOVWTHRITT I EAEE,

4. Conclusion
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EXE]1. DA

» T

ZH0-3D0T T, FIEMBRECE
TELLEW,

<proof>
K()-(N &Y, FNEREOE{ W, EEDEdcpll L VK
TRMELEALT 5. InZEM*k=12,..,.K) T 5,

FELIZRQ2) 024 TvT t@EE@EEiﬂz RIRDZEAH0
Il BEWVWDSDERMETH B7-8

exp(f- (WP" + AWP"))  exp(p-WPYY)
ZHCK exp(ﬁ : lWFkIL + QWPMLJ} ZHCK exp(ﬁ . WPHLJ
(40)

APTH? =

Simplifying (40), we have:

' K /v K'/v
awp* =L Ziex eXP (ﬁ‘lwp o }) - (41)
i S vk CXP(f - WPK/?)

nig, LBEBEWPHTRTORBBICHL TRA—L W
ZeThY,

Z
g

AWPYY — AWPYY — ... = AWP*/",  (42)

According to (10), we have:

AWPYY = AB* — Apk Wk, v, (43)

Ay FETLMICEWTIEIAOENbINIEL LD T,
FiiSEk = 10%AKEEZD = 08T 5, ZDEEEEER
Y EmI-hANT bbbk =1.2,.,K)ZERDIF5 2 &
NTZE3,
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BV o -HEREDNELR, EROEELXA TORRIC

BEUHNE L THFBEL = 10OBAAEIIED AL
7=8, Ab' = b1 — p1@ = o & 7 2 (p1 D, p1(O);
OB DZEALEIER DR AKE)
AWPY" = Ab' — Ap' = —Ap' V0. (44)
AWPY'" — A" — Aptk = bV — B*Y — Apk v,  (45)
7(42),(44),(45) & Y
b = B0 L Ak — Apt Yo, (46)
Putting (46) into (45), we have,
AWPY? — A Yo (47)

RITABAUA R E > TWB E X, BREZEDOHT-
BERIFRA6) IC L YKV A BRZ L TREB, D&
= BATE Ek@&%&47® ZIR (1B EMIEERD7-9)
ELTOITRTOMEHWBRE—EHAD, L7=h>TER
DEERXA 7TOZFRITE L7,

(48)

Aq’ﬂk pv . Aprk/y 0 0O
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» R1.
Z40-30TF T,

LIHEERRFICLREELEL,
<proof>
Et(14)ot‘) KEDZEALIE

AgT S vk XP(f - (WPK/T 1 AWPS/T))
ﬁ Sk exp(f - WP*)
(49)
h&l, REOZLITTILEBEOELERETHY,
ICPFiE Bk = 1D HrY Txﬂﬁﬁ@ b & [R]— ’C%% (EHE
LifRAZzE) . <5 2=(7)IC S12,3% BH—20 @R,
[B)8 72 R fEifE & W S {RIE I1C %ﬂﬁbt%m, RiTa X b
/m/J\ j: |__| L{Ef; T@Hﬁ4£@iﬂ—%%=< t \/\7 [ tb\b
"5,
(15),(44)-(49) & VW IBEERFE OZAL 1L

ACS™ = AWP¥” — Ap? = 0.

NiE, FEEBEBCEEDOELITZENENDBEEEREIC
TAERIFEHRWVWEWD ZEAERT., TALBAERIZE
FEOHEICH L TCEEZRITAWL, LA > THIEESR
REELEBNLEBEWNWT &I B,

CHOZEIFEBLZAVWTUTOL D ICHAARTE %,
OWPY"  gWp*" WP WPkl
ohw ohw ohw orw 7k €{1,2,... K3,
- 1/v - 2 v - K/v - K /v
(JWP (}WP (}WP (JWP WK e (1.2 K.
acp acp acp acp

JIEMRECER L Lo - HKEREDOEILIE, FAFEI L

) AWPYY — —Ap',

Accordingly, we have:

v OWPK”
ohw ohw

VK €1{1,2,....K},

ap’  OWPK/?

WK €1{1,2,....K},

DEEHEREIC

ohw ohw

ACS™ WP o 0

ohw ohw  ohw 7

aCS™ WP v

acp acp  dep

pk/ v - v - k/v
C C X C
OPrX/Y y OWPK? o/ vy OWPK?Y
acp p-Prev acp —p-Pr zk: P acp

Define the total consumer surplus as:
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’ Bl ~ et B Plauto gy > 0 (7
ko ooy Otg o Ol Ogyy ohw ’
ohw vol Jhw vol My W (63) aQp” k/v owpt'?
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T Clpueo EEBEEETHY, UFTEAONS. ohw onw
Qauto = ¥ — Qi = ¥ — quyk : Pr',‘m,. (64) BRplc oW THRKILT
vk OPry,
. . . —_rail 70
H(64) & H(63) IRAL T, (’)cpal <0, (70
OChuo _ k. Ota aq™* Py o)l
Uh—W_ivOt ‘m‘gg(%—w‘mmﬁm’—w‘q - (65) ﬁ> 0, (71)
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M ERE & ZERAFXRE

« MBEMYEBE(CP: Complementarity Problem)
o EHAREABE(VIP: Variational Inequality Problem)

EMGEEARAVCoNSEBERE OIS, |, GETEFAET b LoD D,
B RANFICE T AERE I N OfEE L TEHILTE S,
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) EmitREEOESR

 #B#HMERIZE (CP: Complementarity Problem)
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 THAZE X (VIP: Variational Inequality Problem)
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P EEIR T = 8 EHE SR8 (MPEC: Mathematical Program with Equilibrium Constraints)
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