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Introduction

Background
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« Cooperation VS Competition
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Introduction

Background

e About 300 cities in China

 The number of cities with a population
between 0.2 to 1 million declined

 The number of cities with more than 1
million population increased

2 November, 2021
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Introduction

Background

Demographic dividend
e Unbalanced endowments

* Infrastructure conditions

» Geographic locations

I
I~

« Aggregation effect

|

People’s working place choice ==s) [ abor force competition

2 November, 2021 7



Introduction

Questions

whether social welfare of the small city will be
affected?

Whether the small city is doomed to vanish?
How will the small and large city react?

What fiscal instruments from the transportation
perspective?

Subsidy or tolls?

What policy implications can be obtained for the
future development of urban agglomeration in the
real world?

2 November, 2021




Introduction

This work

v’ Separate government into local government and central government

v Endogenous wage

v Four regimes

v Algorithm for solving equilibrium household utility and different regimes

v" Social welfare and spatial structure

2 November, 2021 9



Assumptions

Al:

» A closing two-city system (total population is exogenously given)
> Linear

» Monocentric

» Free migration

» City 1 is the small city, and City 2 is the large city

A2:

» HSR (high-speed rail) station located in CBD

» All jobs in CBD

» HSR is the only traffic mode for intercity commuting
» Auto is the only traffic mode for intracity commuting

City 1 City 2

CBD & HSR H S R
I s(au.on I I

Small City Large City

2 November, 2021

10



Assumptions

A3:

» Governments, households, property developers

» Governments include one central government and two local governments

» Each government can decide toll and subsidy level and make decisions independently

A4:

» Households are homogenous

» Households follow a Quasi-linear utility function

» Property developers follow a Cobb-Douglas production function

» Intercity commuters have to firstly go to living city’s CBD then take HSR to another city’s CBD

City 1 City 2
L et . ,

Small City Large City

2 November, 2021
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Household location choice equilibrium

* The household utility:
I\élagx Ui (X) = Zij (X) +alog gi (x), x<[0,Bi], (1)

e N City 1 City 2
General goods consumptions Housing space r\/ \

. | gt | HSR | st ,
« Budget constrain: u\s} | | - |
mall Cit \—/Ea{ e Cit
S.t. Zij+Rij(X)gij(X):(1—TYO—TYJ')YJ'—Zp(Dij(X)-FQ-I—T, y g y
/ /A BN @
Total consumptions Wage Travel costs Subsidies & Tolls

« By combining equation (1) and (2) and first-order optimality condition, we can obtain endogenous:
rental price R;; (x) , housing space g;; (X) and goods consumptions Z;; (x)

2 November, 2021 12



Household location choice equilibrium

« Endogenous wage:

Aggregation factor
-
Yi = AN;Z,

/ \ Labor force population

Total factor productivity

 Travel costs:

Aﬂ costs Direct costs
((ﬁ+r )X =]
Ve -
(X)=4 2
P <(ﬁ+T)X+ZjLH+F | # |
LVa 0 ] H J
el f

Intracity travel costs HSR travel costs
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(3)
City 1 City 2
 Nr— N
| A | HSR | |
\"Séall City Wge City
(4)
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Housing market equilibrium

* The property developers’ production:

Ai(&i(¥)) = u(&i(x)” 1,0€(01), i=12 ()
| City 1 City 2
Capital investment intensity r\ / \
| o | HSR | |
\"Séall City Wge City
» The profits of property developers:
max77i (x) = Ri (x)Ai (5 (%)) = (i (x) +k&i (x)), 1=1.2, (6)
Profits Costs

« By combining the equation (5) and (6), we can obtain endogenous land value r;(x)

2 November, 2021 14



Remark 1

We assume two cities are linear, and all households are homogenous before. Therefore, it has only one

watershed line between intercity and intracity commuters (if intercity commuting happens), rather than the
multi-layer structure.

City 1 Commuting Direction 5 City 2

« The housing supply: SR N
| l CB:D l | | CB:D |

Ai(&i(x)) = Zgij (x)ni; (x), —— (7)

Inter-city Commuter

« By combining the previous equations we can obtain the endogenous residential density n;; (x)

Remark 2

There only exists unidirectional intercity commuting that is from the small city to large city. If there have
people who living in the large city but working in small city, they have to pay extra intercity travel costs than

Intracity commuters. Apparently, working locally is a better choice for large city s commuters, and they will
not choose to intercity commuting to the small city.

2 November, 2021 15



Housing market equilibrium

« The land value/opportunity cost constrains:

r1(B1) = RA, <— Agriculture land value

Commuting Direction

HSR

City 2

(8)
(9)

B2

rZ(Bz):RA, Clty1
Bl b CBD
 The population constrains: ———
~B; H_l
2 . nl(X)dX = Nl; Inter-city Commuter
~ B>
2[ " na(X)dx = N,

N;+ N, =N,

2 November, 2021

16

(10)

(11)

(12)



Proposition 1
The intercity commuting only happens when following conditions are satisfied.

Rll (b) — R12 (b), (13)
Wage difference HSR costs, tolls and subsidies
a < R a - R
p p Azl n
(1—TYO—T\(2)A2N2 —(1—TYO—TYl)A1N1 —2p( +FH)+Q+T
_ Vy (14)
b= >0,
2p(f2 My
P V.
Clty 1 Commuting Direction R Clty 2
. L | HSR | o i
| I | | ' |
—

2 November, 2021 Inter-city Commuter 17



Algorithm for solving equilibrium utility

8:
9:

10:
11:

12:
13:
14:
15:
16:
16:
18:

19:

20:
21:
22:
23:
24
25:
26:
27
28:
29:
30:
31:
32:
33:
34:

for i = Max Iteration
u,, B, « solve popeonsl, landconsl
sz, B2 < solve popcomnsl2, popcomns2l, landeons2

if |1z~ |2 e

Ni=N,-1
N:=N-N,

if N =0
F.edefine population and land value constrains
Np =N,
Hy2, B . solve popeonsl2, landcons12
1z, B: +— solve popcons2, landcons2

If the intercity commuting happen

If the equilibrium has been reached

If the all households of City 1 are intercity commuter

if e~z |2 8

Niz=Ne -1
Ni=N_No

If the equilibrium has been reached

if Ni: =0
Eedefine population and land value clonstrains
N:=N
i, B« solve popcons, landcors

return

end

refurn

end

return

end

return

end

end

2 November, 2021

If all household both working and living in City 2

Commuting Direction

> Clty 2

HSR | Bf

Inter-city Commuter
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Governments’ objective

» Local government’s objective is maximizing their fiscal revenues. If it involves the tolls and subsidies,
we assume the intercity commuters will be charged by the small city, and be subsidized by the large city.

ANLV :jr(x)—RAdx

« For City 1: /

I\/Iix 71 =Ty1YiN1 + (1—710) ALV, + 712N 12, (15)
T \
Tax fro@v Aggreglte land value Tolls from intercity commuters
* For City 2:
I\/glglx 7o =Ty2YaNo +(1—710) ALV, — Q5 (16)
\
Tax fror@v AggregatTe land value Subsidies to intercity commuters

2 November, 2021 19



Governments’ objective

« Central government’s objective is maximizing total social welfare.

 For central government:

S

All households’ utility

Max SW = Nu
Qo
b
+rY0;YJ-Nj +TLOZALVi +2pF, jo N2 (X)dX — Q, o
+ 72-1 + 7[2 y \
T Fiscal revenue of central government:
« Tax from wages

« Tax from aggregate land values
« Ticket price of HSR

» Subsidies
2 November, 2021 20
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Regimes

2 November, 2021

No Central
Government
Supervision

Have Central
Government
Supervision

No Local Government

Have Local Government

Game Game
Regime | Regime 2
Q,=0,Q,=0 Qo =0, Q2,0
T2 = 0 Ty # 0
Regime 3 Regime 4
Ql]?:D,Qj=O QDIG,QQ-T-D
T12 =0 T12 = 0
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Regimes 1

 Regime 1 only focuses on the evolution of intercity commuting and migration without government
intervention, and no tolls or subsidies are implemented.

Regimes 2

« Comparing to Regime 1, Regime 2 assumes that two local governments could compete for the labor force
freely by implementing their own tolls and subsidies policy.

* In regime 2, we use thoughts of the Stackerberg game model to depict the labor force competition between
local governments.

1. Firstly, City 1 optimizes the toll level based on the results of Regime 1.
2. City 2 knows the City 1’s toll level and optimizes the subsidy level based on the results of the last step.
3. City 1 knows City 2’s reaction strategy (subsidy), and City 1 make decisions finally.

2 November, 2021 22



Regimes 3

Comparing to Regime 2, Regime 3 only considers the central government behaviour.

Induce UE to SO

Regimes 4

Most complicated one
Considering both central government and local governments’ strategy.

Each step in Regime 2 can be transferred to three-level programming model.

2 November, 2021
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Numerical example

Parameter calibration

2 November, 2021

Table 1
Parameters based on the case of Beijing and Tianjin

Parameter Definition Value
Va The average speed of auto (km/h) 40
1. Ao The value of time (RMB/h) 30, 50
A, A The aggregation factor in Tianjin, Beijing 8 x 10%,1 x 10°
N The number of households in a new two-city system 11,020,000
N, The number of households in Beijing 9,140,000
N The number of households in Tianjin 1,880,000
o The parameter in utility function (RMB/year) 35,000
u, 0 The parameters in property production function 0.005, 0.8
k The interest rate 5%
R, The agriculture rent (RMB/km) 5,000,000
P The average number of commuting trips per

300

household

Ly The rail distance between two cities” HSR station

100

(km)

Va The average speed of HSR (km/h) 300
Fy The ticket price of HSR (RMB) 60
To The variable cost of auto (RMB/km) 0.25

Some data sources (China National Bureau of Statistics, 2021)

24



Numerical example

N L
G uNt

Results
Table 2
Numerical example of Benchmark and Regime |
Index Benchmark Regime |
City 1 City 2 Cityl City2
Equilibrium household utility (RMB) 235,758 280,031 0 280,817
Number of inter-city commuters 0 0 0 0
Number of households 1880000 9140000 0 11,020,000
Boundary (km) 55.23 52.21 0 53.67
Aggregate land value (RMB) 1.26 x 101® 6.35 x 10%° 0 7.66 x 1010
Social welfare (RMB) 456 x 1011 2.22 x 1012 0 3.17 x 102
Social welfare in system (RMB) 2.67 x 1012 3.17 x 10!
~_ ~_

2 November, 2021 25



Future work

Next...

Model & parameters modification

Conduct comparative static analysis

Conduct sensitive analysis

Design the bi-level and three-level programming algorithm for Regime 2 & 4

2 November, 2021 26
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MASS-GT AND MULTIAGENT FREIGHT MODELING
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