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Introduction




An unusual Opportunity

- An empty 10 hectares area in the city center
- Many possibilities:
housing, shopping, walkable streets,

a transportation hub, sports infrastructure, park ...

. 23-acre Covington Central
Riverfront site CCR

. Clay Wade Bailey Bridge
pedestrian friendly

Brent Spence Bridge-
I-71+1-75

. Paycor Stadium

Historic Roebling Suspension
Bridge (pedestrian friendly

. Great American Ballpark

Northern Kentucky Convention

T e v~

A .




History of the site

From 1960 to 2019: an IRS building
Was shut down in 2019




Revitalizing the Urban and Social Fabric
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Modeling and
[.inearization




Holistic Model




Holistic Model

Decision Variables: x: government decision variable in ]le | indicating on site distribution

w : government decision variable in {0, 1, 2}/ indicating bike lane development

Distance Malus

Utility Bike Coverage Bonus Bike Contkinuity Bonus
A ( \ \
Utilities: uf = X avuxe —MIC] +32 3wy, sbl+38 (52 16wy wyn > 0)) (191

kek =1 =1 nc—1
up = Y aipxe —A7||CP|l = A fp(x)
ke \ }

|
’U,ZS = IBS =0 Parking Malus




Multinomial Logit (MNL)

Dependency between Utilities and Choice Probabilities:

pr (Wa X)
pP (w,x) =

p; (W, x) =

- Main Advantage:
- Main Disadvantage:

exp(u;'c)

exp(uy) + exp(u’) + Xcrea, exXp(uy'cr)
exp(u;)

exp(uy) + exp(u) + e, exp(ugcn)
exp(uy)

exp(uf) + exp(u?) + Ycrea, exp( zC’)

Much more realistic than a proportional model

Red bus Blue bus Paradox




Bike Objective:
Car Objective:

Our Non-Linear Problem:

Government’s Problem

98(W,x) = p1 X4 Z pfo‘l'zli z Pfc

CeA, 1>2
gp(x,x) = Iy p) + ZI:: py

1>2

CeA;

ps 98(W,x) + (1 — us) gn(W,x)
st Y wyls]| < MP

sES

}E:J(k S;]V[A
k

max
wW,X

x>0
w e {0,1,2}*!

:}— Area Constraint

Bike Lane Budget
Constraint




SOS2 Linearization

Idea of 2D SOS2 constraints: 2 ;

A= (zp,94)=05x05-(1,2)+0.5x0.5-(1,3) +0.5x 0.5-(2,2) + 0.5 x 0.5- (2,3)

A= (za,ys)=02x0.7-(1,2) + 0.8 x0.7-(1,3) +0.2 X 0.3 (2,2) + 0.8 x 0.3- (2,3) ] =28

General Formula: A = (z4,y4) = ([za] — 24) X ([ya] —ya) - ([zal, [ya)) + ([za] — 24) X (ya — [yal) - ([zal, [ya])
+ (x4 = [za]) X ([yal —ya) - ([zal, [ya)) + (xa — [24]) X (Y2 — [yal) - ([za], [yal)

SOS2 Formula: A= (za,y4) = Y Nij-(3,9)
i,jEZ?
(Mij)iez satisfies a SOS2 constraint V) € Z
(Xij)jez satisfies a SOS2 constraint Vi € Z
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max

w.,X,Dp,

S.t.

SOS2 Reformulation

s 98(W,x) + (1 — pp) gp(W,%)
Zwsnsll < M"

seS

Zl’k < MA
k

x>0

w € {0,1,2}5

A>0

Z Nep=1 Viel

()\J s ;p)jB<n satisfies a SOS2 constraint

(/\-

Z )\JB JD’U:BB Viel

uz = Z /\\jB,jD’&fD VieZl
B D

J7sd
zB= Z ’\;B,ijﬁNL(~]B’ ]D)
'BjD

Py =

j
.Bz:D A;‘B,ijRIZNL( ~jBBa ﬂfD)
iB.j

.0);p<n satisfies a SOS2 constraint

Viel

Viel

VieI,jP<N
VieZ, j5<N
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Granular Model




Reason for this Granularity

Steps of Urban Redevelopment:
1) Road Network Infrastructures
2) Land-Use allocation within each zone

15




mlm

Briarwood Mall divided into 9 zones

Zone 8 of area 93365m? k

\

Granular (Non-Linear) Model:

Granular Model

Granular Utilities:

New Utility term only considering

ne
Wi = ok xsn AP ICI + M S w18l + A8 (
=1

ul e = ik Xk —AL[|CEN = AP fr(x)

S S
1%k=5 =)

max pp g8(W,x) + (1 — pp) gp(W,X)
> wlsl < MP

seS

;xj,k < MJA

> 1(xjk > 0) < Ny,
J

s.t.
VieJ
Vk e K

Xjr > my L(x;x > 0) Vi ke JxK
x>0

w € {0,1,2}/°

land-use k in zone 7

ng—1

g M > O)) (nlclﬂll)

=1

}Area Constraint in zone j

}Max number of land-use k buildings

}

Minimal Area for each
land-use k building
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Case Study:
Briarwood Mall, Michigan




History of the site

- A 1970s mall necessitating a transition
- A 20 hectares Parking
- A 32 hectares zone within Ann Arbor City

Whole city network around Briarwood Mall (including pedestrian paths and private roads)

————— —— Circle with radius 5000m around Briarwood Mall
—— Briarwood_mall

&

ERII= o

h/
g
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Car Roads and Bike Lanes City network around Briarwood Mall

—— Car Roads
—— Bike Lanes

The Status Quo city Network

—— Circle with radius 5000m around Briarwood Mall

Briarwood_mall

M preE
V‘ :

Road Sets S and
Shortest Paths A,

nxlul

Briarwood Mall divided into 9 zones

Zone 3 of area 61787m?

Zone 6 of area 70572m?

Cluster nodes and their population (in inhabitants) as neighborhoods in the City Network

Zone 9 of area 45747m?

Zone 2 of area 71320m?

Zone 5 of area 71768m?

Zone 8 of area 93365m?

Zone 1 of area 49431m?

Zone 4 of area 85550m?

\
Zones Set J

Car Roads
Bike Lanes

e Cluster Nodes

Circle with radius 5000m around Briarwood Mall
Briarwood_mall

Zone 7 of area 87698m?

Neighborhoods Set I

500

400

300

r 200

100
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Optimized bikelanes in the City Network for a 80km budget M58 Results

car road

old bikelane: 1->1
—— upgraded bikelane: 1->2
—— new bikelane: 0->1
—— new upgraded bikelane: 0->2

- Takes into account both Coverage and Continuity

ﬁﬂ - Seems relatively independent with upg
}__

L,_> A= 035 A= 045

- Prioritizes the most accessible zones for
non-residential land-use

- Parking Area decreases with up




1200 7 =@~ obj = A * obj_bike + (1-A) * obj_car @ @
~@~ car, in number of visitors per hour
=@~ bike, in number of visitors per hour
1000 A
800 A
Q
=
©
> 600 T
o)
o
400 A
200 A
o . T T T T T T T T
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70
A

- Car keeps its advantage until g = 0.52

-k =1,2,3,4 is residential, parks, large retail and small retail

Results

- Interesting values between 0.45 and 0.55

- When /B << 0.5, both objectives are close as the bike
objective includes new residents on the site

mean of p

0.7 1 pe .
B =@~ Probability to go to k = 2 by bike
~@~ Probability to go to k = 2 by car
=>& Probability to go to k = 3 by bike
0.6 A -3 Probability to go to k = 3 by car
=~ Probability to go to k = 4 by bike
-~ Probability to go to k = 4 by car
0.5 A
0.4 A
0341 e—
=
0.2
—
E
0.1 A
- —~—
T L] T T T T T T
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70
A




Conclusion




Conclusion

_— =

Offers a novel approach to urban redevelopment, integrating both the
broader transportation network and detailed site infrastructure.

. Focusing on non-motorized transit and mixed land-use can reveal new
perspectives in urban planning.

. Need for more accurate data for coefficients representing land-use
attractiveness.

. Future improvements:
- Optimizing internal routes within the site

- Adding simulations of interactions between various land uses
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