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€ Evacuation and self-evacuation
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€ Evacuation and self-evacuation

Comparison content Evacuation Self-evacuation
1. Whether the government issue evacuation N N
orders?
2. Whether the government organizes the N
evacuation process?
3. Whether evacuees can choose an evacuation N
route on their own?
4. Whether evacuees can choose the start time of N
evacuation?

5. Whether the evacuation process is orderly at
any one time?

6. Whether evacuees are fully aware of the traffic
conditions of the evacuation network?

7. Whether the overall time of evacuation can be
estimated in advance?

8. Whether evacuation demand can be estimated
in advance?

9. Whether the number and location of shelters
are known by evacuees in advance?

10. Whether the capacity of the shelter can be
known by evacuees?

11. Whether the evacuation process can occur in
the pre-disaster phase

A e N
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Remote Sensing Imagery of Flood Disasters Remote Sensing Imagery of Flood Disasters
in the Greater Sydney Area (03/2022) in the Greater Sydney Area (07/2022) in the Greater Sydney Area (09/2022)

(1) Focus on the self-evacuation process and design a pre-disaster transport network with high efficiency.
(2) Develop a novel bi-level programming model to solve network design problems under uncertain factors.

(3) Innovate an improved user equilibrium, considering the psychological behavior of evacuees.
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3. Problem description
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Parameter names Parameter definitions

N The set of all nodes in the network, N={12,..,n}
s The set of all roads in the network, s={12,...s}
- = = ® Any OS(Origin-Shelter) pair in the network
4 IVI O d e I I n g C h ar aC t e r I S t I C S r Any evacuation route in the network between o
u R The set of all evacuation routes, reR
X Uncertainty parameter, the actual traffic flow on the road s
t The free flow travel time for each road s
Regarding road impedance parameters, which indicate road congestion,
. al,p the Federal Highway Administration (FHWA) recommends a value of
Disaster features
C, The capacity of each road s
9 0-1 decision variable, that is 1 if the road s is interrupted by a flood attack,

and 0 otherwise

1 The actual travel ti lue of road's , it Iso be called the imped.
Topologlcal features (%) e actual travel |mevaueovézzosfr;a%a?aso e called the impedance

T.(X,) Improved impedance value for road s
P The network connectivity reliability

Tran S pO rt m O d eS p(L) The route connectivity reliability

0-1 decision variable, that is 1 if the road s is part of the router , and O
otherwise
S The road connectivity reliability

Evac u atl O n fe atu re S : average node degree in the network

i The node degree of the nodei

vV V V VY VYV V VY

Pt The percolation threshold of the nodei
. 2 Non-negative risk aversion parameter, 1 >0
Evac u atl O n targ et ce Utility function considering evacuation time impedance and regret
i feelings
n Regret aversion degree parameter, 7 >0
d” Uncertainty parameter, total demand in a self-evacuation network
B u d g et CO St f Uncertainty parameter, traffic flow on route r between OS pair »
v 0-1 decision variable, that is 1 if the node j is assigned to be a shelter and
' 0 otherwise
. . m The number of shelters in the network
S e If_ evaC u atl O n b e h aVI O r z, Construction cost per kilometer of potential equipped road s

D, Distance of potential equipped road s

v 0-1 decision variable, that is 1 if the potential road s is selected to be
: equipped and 0 otherwise

B The total investment budget for self-evacuation transport network

g; The capacity of the node j which is assigned as a shelter
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5. Anovel Bi-level programming model

g g T e e ﬁl_l l_,lHI_/l,_yl |
Government authorities or decision-makers _IIH]'—}%—{HP{J] —]1 i—i iHJ,—‘][-—
Min-Overall network evacuation time (S- —IHIHTH}—IHIMI_]— — —\[_I_THI’*[/ 7
il ETND perform'a'nce in.dic?‘tor) :VTP—(‘]‘:(]‘r—“ l:k [5]: T:‘J/: — iT: I:\I:I:TiI:T:
Max-network connectivity reliability between IHT \IHJ" ddh ree ryvw
nodes (S-ETND performance indicator) DAL T_’ [H’IH\I"_ I B d. S *THT—
Improve the feedback to the —T I_] I—THIHT_I _I_T .I/—THIHT—T—]
efﬁCiency Of evacuation Road connection (©)  Normal nodes [ ) Failure nodes
self-evacuation schedules . . . .. e ey
(2) Highlight 1: Quantifying network connectivity reliability based on
Network traffic equilibrium based on regret percolation theory
Lower-level theory
Objective-Evacuation route choice utility o] 0 —— -
maxmization :;;g‘:: :g d
0] A Py
Evacuees o] T e
- -1000 4
(1) Modeling approach s 2% ,
1500 4 "o
-2000 { — |
2500 4 |_ T T T T T —1d 0 —7‘5 -5‘0 -2‘5 0.0 2‘5 5‘0 7‘5 10‘0
0 20 4 60 80 100 AX

X

(3) Highlight 2: Proposing a regret-risk utility function to describe the
equilibrium conditions for the lower-level model
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5. Anovel Bi-level programming model

Upper-level model of S-ETNDP:
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el -

Subject to:
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The objective function (1) of the upper-level model and represents the minimized total
evacuation time in the self-evacuation network.

The objective function (2) of the upper-level model represents the maximized network
connectivity reliability.

(3) and (4) represent the expressions of the node percolation threshold probability
functions.
Ensure that a certain number of shelters are selected.

Represents the constraint of the total investment budget for the self-evacuation transport
network.




5. Anovel Bi-level programming model

Lower-level model of S-ETNDP:
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The objective function of the lower-level model.

A traffic equilibrium condition based on the Regret-risk function.

Represents the equilibrium relationship between demand and route flow in
the self-evacuation network.

Represents the equilibrium relationship between road flow and route flow.

The shelter capacity constraint

The basic road impedance and route impedance function definition.




5. A novel Bi-level programming model

Robust Optimization Approach—Just show the results

Upper-level model:
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6. Algorithm design: IGA-NSGA-II

Name: Improved Genetic Algorithm Combined with Non-dominated Sorting Genetic Algorithm
11, IGA-NSGA- 11

Lower-level model

Input:

Parameter settings, fitness function, and algorithm rules

1. Population Size: Q,

2. Crossover Probability: p!

3. Mutation Probability: p;,

4.Fitness Function:

E +P, 1

Z, x| 1mexe[ 2T, (%) ] 1fexp['z-(Ts(><s)<*Ts(xs):mﬂ

.,

Fit(), = P,

penalty

7 ]

5. Crossover Rules: sequential reversal crossover operator
6. Mutation Rules: reversal operator

Output:

Optimal route choice option and objective function value
1. Initialized population size: Q)

2. Value of fitness function: Fit(-),

3. Road flow in equilibrium: x,
4. Route flow in equilibrium:

Upper-level model

Input:

Parameter settings, fitness function, and algorithm rules
1. Population Size: p;

2. Crossover Probability: p!

3. Mutation Probability: p,

4. Maximum Number of Iterations: 1,

5. Road flow from the lower-level model: x,

6. Fitness Function:

(1) Fit(), -2z, BTG B .{ugg '[Cg-é:é’ )ﬂ+ Py

@ i) -3 !

% 3 TL[P(stlk)-P(pu k)

=
Output:

Multi-objective optimal solution set and objective function values
1. Initialize population size B} and iteration counts | =0

2.Letl =31 <1l ++

. ~roo
Fit() =Z H Determine the NSGA-I| fitness function HFN{ LS=

Performing non-dominated sorting operation
of NS

INPUT S-ETNDP road traffic fl i t and
——@lallze the algonthm parameters of NSGAD C fi{s:!ss \:aa ‘l:ce ;"Lir:ﬁ:mn an
!

GAcll

!

Individual crowding distance calculation HD(W?'E[DC?B'DCF']»P»?J

Fir(g+1), - Fir(g-1).

I — T — T
max Firlg) - min Firlg

Performing the NSGA-I selection
process

!

‘ Elite retention strategy. ‘

Performing the NSGA| crossover
and mutation process

I

‘ Update population and fitness functions

Determine if the algorithm NO I<I_.J=I=<1

i Step 1: Initialization parameters and
:popu\auons.

-
| Step 4: Performing the IGA selection !
process. (Roulette) !

'Step ) i
| process. (Sequential reversal i
| crossover) !

Step 7: Update populations and output |
:a]gomhm results 1

meets the termination conditions

Output non-domin ated solutions for multiple
objectives
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7. Test network and case analysis

Q"ea . Nodes (Includes residential
- £ nodes and potential
shelter locations)
Existing roads in the
network
Potential equipped
roads in the network

Nguyen-Dupuis network Case study (Central Coast area of Greater Sydney, Australia)




8. Research insights from N-D test network

Total Utility Value
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9. Research insights from case analysis network
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Design of a pre-flood self-evacuation transport network for the Central
Coast region of New South Wales, Australia

Number of lterations

The lower-level model traffic equilibrium process during IGA-NSGA- 1l execution
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€ Research contributions

(1) A novel bi-level nonlinear programming model is developed to solve the self-evacuation transport network
design problem under flood attacks.

(2) An approach to quantifying the uncertain connectivity reliability based on percolation theory is proposed,
and a robust optimization approach is used to transform the bi-level model with uncertain demand.

(3) The model and algorithm in this paper can be applied to a real network of a certain size to give a solution
that can directly answer the question of the potential equipped road construction option that should be chosen
by the government authorities.

(4) The values of the risk aversion parameter and regret aversion parameter are proved to have a great
influence on the model solution, where the risk aversion parameter has a greater impact on the total network
utility value and both parameters have almost the same impact on the route traffic flow in the equilibrium period.
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