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Healthcare Systems Humanitarian & Disaster Response

« ICU and operating room capacity planning * Prepositioning of relief supplies

» Organ allocation policies « Last-mile distribution under infrastructure damage
» Vaccine distribution under uncertainty « Evacuation planning for vulnerable populations

« Ambulance location and dispatch models

: N 4& Environmental & Natural Resource @
Climate & Energy Transition L J

Management

 Renewable energy integration in power grids
 Infrastructure investment

o Carbon-aware transportation network design
« Solar-Home-Systems maintenance plans.

» \Water reservoir management
» Wildfire suppression resource allocation
» Waste collection network design
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Hazards, Disasters and Emergencies

| HAZARD: agent with the potential to cause harm to a vulnerable
target.

) Hazard vs. risk: In terms of risk assessment, hazard: agent that can

. cause harm or damage to humans, property, or the environment.
Risk: probability that exposure to a hazard will lead to a negative

consequence. (a hazard poses no risk if there is no exposure).

1 DISASTER: Disruption of the normal functioning of a system or
community, in a specific geographical area, which causes a strong
Impact on people, structures and environment, and goes beyond local
capacity of response.




Hazards and disasters: classification

Sudden occurrence

Storm

Heat Wave

Freeze
Earthquake
Volcanic Eruption

Fire

| By natural causes

Progressive occurrence Sudden occurrence
Landslide Fire
Drought Explosion
Flood Collision
Epidemic Shipwreck
Pest Structural Collapse

Environmental Pollution

Vulnerability
Insufficient capacity of response

DISASTER

By human causes

Progressive occurrence

War

Economic Crisis

Environmental Pollution -




Number of recorded natural disaster events, 1900 to 2022

The number of global reported natural disaster events in any given year. This includes those from drought, floods,
extreme weather, extreme temperature, landslides, dry mass movements, wildfires, volcanic activity and
earthquakes.

l.134.]! disasters

1900 1920 1940 1960 1980 2000 2022

Source: EM-DAT, CRED ! Université catheoligue de Louvain, Brussels (Belgium) OurWorldinData org/natural-disasters - CC BY
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What are the EM-DAT disaster crltela:’ -

EM"_, N} A :E ;

ThE Interntlnnal Dlsaster_[},a_ta Dase

-. Centre for Research on the Epldemmlugy of DISEStEr'S_ EHED
St 'l- i

. EM-DAT includes all disasters from 1900 until the present,

conforming to at least one of the following criteria:
10 or more people dead;
100 or more people affected;

r

I'he declaration of a state of emergency:
* A call for international assistance.
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Distribution of natural disasters (1975-2001)

Distribution of

»natural disasters —

> casualties

Distribution of natural disasters fatalities (1975-2001)

10000 0 10000 20000 Kilometers . * i
EM-DAT: The OFDA/CRED International Disaster Database LEGEND
(http/Aiwww cred.be; email: cred@epid.ucl.ac.be) |:| 0 event I 71 - 150 events

[ ]1-35events [l 151- 260 events
[ 36 - 70 events ] > 260 events

Number of casualties is more

related to the country
| vulnerability
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The disaster cycle
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Humanitarian logistics

‘ Process of planning, implementing and controlling the efficient, cost-effective flow of and
| storage of goods and materials as well as related information, from the point of origin to the
point of consumption, for the purpose of alleviating the suffering of vulnerable people

4 N

* Build organizational capacity

* Emergency protocols
* Location of temporary shelters
* Prepositioning of supplies

Rescue and evacuation operations
Distribution of commodities
Prevention of collateral damage
Start of infrastructure recovery

* Structural analysis
* Strengthen buildings and

infrastructures

e Prevention via modification of

environmental conditions

A W

Recover preconditions

Proxy Of funds

Distribute post-disaster supplies
Distribute humanitarian aid
Infrastructures reconstruction

)
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Initial resources

Uncertainty

R A v St g

Humanitarian vs. Commercial loglstlcs

Characteristics Commercial logistics Humanitarian Logistics

Controlled

IR ETE T e il s B o)d /I Stable and functional

Mainly due to demand,

price Of resources.

Unpredlctable in terms of timing,

Minimize the logistic cost Alleviate suffering

Objective pursued

(inventory, transport,...
.
e
Periodicity Usually Repetitive

—

31“—-1...5
& W

geographic location, type and quantlty
Multiple decision makers sometimes
difficult to identify

Sudden apparition of unexpected .
demand for large amounts.

Lacking

Can be damaged

Dynamically changing

Additional uncertainty due to

damaged structures, dependence on

donations or safety concerns.



Main components of decision-making processes
for Humanitarian Logistics:

» Resource allocation policies » Location for storage and shipment of goods
> Needs assessment » 'Type of vehicle fleet and technology
» Uncertainty of demand and supply » Uncertainty about routes and vehicles.

For example, according to experts, areas causing the biggest problems in
the immediate response phase are:

» Coordination of receipt
» Unpredictability of demand

» The "last mile" to transport the aid to victims.

19




Tools for humanitarian logistics

[ Crucial: effectiveness and efficiency
To achieve efficiency and transparency in the management of

available resources
I Organizations involved in intervention

require new technologies and specific tools

20
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UCM-HUMLOG Decision Aid Models for Logistics and Disaster Management
(Humanitarian Logistics)

Begofia Vitoriano, M. Teresa Ortuiio, Gregorio Tirado, F. Javier Martin-Campo, José M. Ferrer, Adan Rodriguez. Javier Ledn, Bibiana Granda, Gonzalo Barderas, Inmaculada Flores, Federico Liberatore
Universidad Complutense de Madrid, Spain
www.mat.ucm.es/humlog, humlog@mat.ucm.es

This poster shows the activities of our research group, “HUMLOG Decision Aid Models for Logistics and Di: ter Manag it (H ian Logistics)”. Currently, the group's work is mainly devoted to the development of decision aid models in humanitarian logistics and disaster management but
alse maintains activity in general logistics. The widest context for humanitarian logistics application is disaster management, but it also appears in other contexts, such as the case of humanitarian operations not linked to a specific disaster (World Food Programme, vaccination campaigns) or development
projects providing basic services. However, it is in disaster management where the application of humanitarian logistics is more complex and difficult and where more differences with business logistics appear.
Ferrer JM, Martin-Campo FJ, Ortufio MT, Pedraza-Martinez AJ, Tirado G, Viteriano B.(2018) Multi-criteria optimization for last mile distribution of disaster relief aid: Test cases and applications. EJOR 269 501-515
Vitoriano, B., Montero, J., Ruan, D. (2013) Decision Aid Models for Disaster Management and Emergencles. Atlantis Press. (BOOK)

UNION KURGIEA

Eonedos Esrucunsie

Warehouses loca SEDD: Assessment of disaster consequences - q S

- Case studies: Mexico floods decisions in emergency;

Resources allocation

* Using historical risk assessment

Forest fires prevention/mitigation Resources management for
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_g Mozambique preparedness Case Study: Mozambique Rodriguez, J.T., Vitoriano, B.. Montero, * Metaheuristics data
= J.(2012) A i methodelogy for
= Rodriguez-Martinez, A . Escudero, L Monge, J F_ Ortufio. M.T.. Viloriano, B. (2017) A stochastic daﬁa_bas’e{,?,jgeﬁ,,.,;‘:g e Lean. 1. Refnders. V., Heame, J. Ozlen, W., Reike. K. (2019) & Landscape-Scale Oplimisalion Modsl
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o 1o} 3 application to natural disaster Assessment 24 359479 Granda, B.. Vitoriano, B. (2020) Staff scheduling for
o y ?g:%fﬂ?:geggs:“‘;::gg 873, Rodriguez-Martinez, A., Vitoriano, B. (2020) Probability-Based Wildfire Risk Measure for Decision- emergency services, A review. EWG-ORD
P 2 = Making, Mathematics 8(4), 557 Magaliesburg (online)

Human evacuation Forest fires: fire suppression

Evacuation of people from affected areas to safe
places and distribution of basic commodities
Characteristics of the model:
« Multiple criteria
« Joint evacuation and commeodities distribution g
- Consideration of the gravity of the affected people Model characteristics:
Resolution: Lexicographical goal programming with two priority levels: oo genca =n <l = Multiple criteria

Salvader, Cesal.org = Dynamic model
1. Evacuation time of people in a critical state Multistage Stochastic programming

Different attributes: Cost, equity of distribution, priority of a location, time of
response, reliability (state of roads), security

Resources
= Uncertainty
= Networks connectivity

and pr

2010

Building realistic test cases: difficult but very important task to validate
models and to be useful for involved organizations

Case Study: Haiti Earthquake

Different versions:
= Simplified: double flow
+ Dynamic: explicit control of timing Viteriano, B., Ortufio, M.T., Tirado. G., Montero, J. (2011) A muiticriteria optimizafion model for

Response

Rl o s humanitarian aid distribution, JOGO 51, 189-208, ) 2. Total evacuation time & operational cost - Simulator integration? Library?
5 Tirado, G., Martin-Campo, F.J., Ortufio, M.T., Vitoriano, B. (2014) A lexicographical fiow model! for Mejla, C., Gaytdn, J., Caballero, R., Malina, J., Vitoriano, B. (2018) Multicriteria optimization approach to
* For unsafe environments: relief operations. 1JCIS 7(1), 45-47 deplay Iagistic ope during floods. ITOR, 25, 1063-1079.
v K - 4 scheduling of vehicles, that travel Ferrer, J.M., Ortufio, dynamic M.T.. Tirado, G. (20‘\6) A GRASP metaheuristic for humanitarian F\nres I., Ortufio, M.T., Tirado, G. Vumnann B. (2020) Supported Evacuation for Disaster Relief through Grande, B.. Vitoriano, B. Figuera. J.R. (2025) A mathematical programming approach for
- N oSt R e aid distribution, Journal of Heuristics, 22(1), 5 hical Goal thi tics 8(4), 648 a wildfire suppression problem. Operational Research 25., i
Case Study: (it =] vt Y Ferrer, J.M., Ortufio, M.T,, Tirado G. (2020) A NewAn{ Colony-Based Methodology for Disaster F\ores |. Orturio, M.T., Tirado G. (2023) A goal programming model for wearly evacuation of vuinerable Grande, B. Vitoriano, B. The team orienteering problem with variabie time windows.
Pakistan Floods 2010 reasons Relief, Mathematics, 8(4), 518 peaple and relief distribution durign a wildfire. Safety Science 164 ITOR 33, 1705-1732.

REC-HADS: Recovery Operations

Links under some reliability level are considered unavailable
Joint infrastructure recovery and distribution flow model with:

Logistics with electric veh s
Optimal Routing and charging:

Staff planning for field hospitals

During response and recovery phases deployment of field hospitals - - = =

w
2 2
& =2
g &= 5 ;
- Recovery budget EE may be necessary, with particularities in staff management T m— gm0 2 : L"“r'tt'pll;lecr?m“’g'eS &'“‘,:
+ Criteria: Demand satisfied, time, security, reliability [ 35 Creation of medical staff initial planning and rotations considering e = artial Recharges
P o G 5 G ;5 O w travel costs, voluntaries availability and skills S— <
= Criteria aggregation: Hierarchical Compromise Programming z 2 ¥ — =2 Felipe, A., Ortufio, M.T., ini. G..Tirado, G (2014) A heuristic appma:n for the green
g Applications: Response phase during and after emergency o Martin-Campo, F.J.. Ortufio, M.T. Ruizgonzalez. B. (2025) Medical staff =5 - c vehicle routing problem with multipie nd partial
ianning fot field hospital deployments: the START hospital, Journal of o @ Research Par £, Logiscs and Transportation Review 71, 111 125,
2 ﬂumanﬁaﬁa" iz isﬁfs e ”I e emem"ﬁ b > Ceselli, A., Felipe, A., Ortufio, M.T., Righini, G..Tirado, G (2021) A Branch and Cut and
= Liberatore, F., Vitoriano, B., Ortufio, M.T., Tirado, G., Scaparra, M.P. (2014) A hierarchical compromise madel for the joint optimization of recovery operations 9 PRIy g ekl & Ptrice Algorithm for the Electric Vehicle Routing Problem with Multiple Technologies.
a>) and distribution of emergency goods in Humanitarian Logistics, Computers and Operations Research 42, 3-13 Operations Research Forum 1,2._
(=]
o : 3
> Development: Photovoltaic Rural Electrification Transportation, Energy, Productio = - -
= + Remote areas: photovoltaic electrification Model: . B o 5 ) Developrr;e‘nl Zf mnde;f f;:; hcdamp’\ann;elsh:;:gu:o‘ns over time:
8 * Providing basic service (fee for service) N - - Power generation planning e o i onts: A ke _ _
3 s ; 5 1. Est 7““9 905‘ and sizing - Railway transport = Integrated with information systems to support decision making
e + Maintenance service by energy companies 2. Obtaining simple rules for RO O TR [T < o (FEe i i T e o
« Planned: preventive maintenance cost and sizing estimations + Orienteering problems = =

Uncertainty: corrective maintenance, collecting fees

Safety and Security
Reliability

3 P i
~ — Special treatment of uncertainty (fuzzy. stochastic programming...)
cdnas LT:J « Including data science for better decision making

General Logistics

Leon. J.. Martin-Campo, F.J.. Ortufio, M.T., Vitoriano, B. . Carrasco, L.M., Navarte, L. (2020) A for i P for remote
areas. Central European Joumal of Operations Research 28, 1265-1280

‘ Tirade, G., Hvattum, L.M. (2017) improved solutions to dynamic and stochastic maritime pick-up and delivery problems using local search. Annals of Operations Research 253, 825-843.

supported by grants LOG4D PID201 679RB-100 AEI/10.13039/501100011033 Government of Spai H2020-MSCA-RISE-2015 691161 G SAFE, UCM-Santander GR29/20 970643 4 101168017 HURRICANE




Warehouses location and prepositioning

Preparedness decisions with different time horizon:

Model characteristics

Strategic: warehouses location & sizing
Tactical: prepositioning, yearly budget
Operational: scenarios to consider evaluating decisions

GIS Integration

Scenarios generation

Multiobjective and stochastic optimization:
unmet demand, deterministic and stochastic cost.
Case studies: Mexico floods decisions in
emergency; Mozambique preparedness Case Study: Mozambique

Rodriguez-Martinez, A., Escudero, L., Monge, J.F., Ortufio, M.T., Vitoriano, B. (2017) A stochastic optimization model

for warehousing location and dimensioning in the preparedness for disaster response, POMS2017.
Rodriguez-Martinez, A. Ortufio, M. T., Vitoriano, B (2026) Stochastic programming for preparedness in

humanitarian logistics. (In preparation)
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This poster shows the activities of our research group, “HUMLOG Decision Aid Models for Logistics and Di: ter Manag it (H ian Logistics)”. Currently, the group's work is mainly devoted to the development of decision aid models in humanitarian logistics and disaster management but
alse maintains activity in general logistics. The widest context for humanitarian logistics application is disaster management, but it also appears in other contexts, such as the case of humanitarian operations not linked to a specific disaster (World Food Programme, vaccination campaigns) or development
projects providing basic services. However, it is in disaster management where the application of humanitarian logistics is more complex and difficult and where more differences with business logistics appear.
Ferrer JM, Martin-Campo FJ, Ortufio MT, Pedraza-Martinez AJ, Tirado G, Viteriano B.(2018) Multi-criteria optimization for last mile distribution of disaster relief aid: Test cases and applications. EJOR 269 501-515
Vitoriano, B., Montero, J., Ruan, D. (2013) Decision Aid Models for Disaster Management and Emergencles Atlantis Press. (BOOK)
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Ssment of disaster consequences

Warehouses loca

Forest fires prevention/mitigation Resources management for
PR A G T W S T [ Disaster consequences > needs of the affected population > Fuel load and breaks management: emergency services

- Strategic: warehouses location & sizing

+ Tactical: prepositioning, yearly budget

= Operational: scenarios to be taken into account
evaluating decisions

Model characteristics

+ GIS Integration

= Scenarios generation

+ Multiobjective and stochastic optimization:
unmet demand, deterministic and stochastic cost.

- Case studies: Mexico floods decisions in emergency;

Fuel-breaks location (ZAL)
Prescribed burning
aracteristics

Uncertainty

Propagation

Networks connectivity
Muiltiple criteria

Risk management
Environmental issues
Resources allocation

requirements of relief operations Creation of long-term staff scheduling pre-

disaster, and modification after disaster strikes
minimizing the deviation to the schedule
(disruption management)
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Preparedness & Early Response

Mozambique preparedness Case Study: Mozambique Rodriguez, J.T., Vitoriano, B.. Montero, « Metaheuristics data
Rodriguez-Martinez. A Escudero, L Mange. J - Ortufio, M T_ Vitoriano. B_ (2017) A stochastic & B3 LA LDEG W 0 Bt R Ledn. ... Reiinders. V.. Heame J.. Ozlen. M Relnke K. (2019) A Landscape-Scale Optimisation Model
g o I e e LA to Break the wel C g Habitat Quality. Environmental Modeling &
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Rodriguez-Martinez, A. Ortufio. M.T.. Vitoriano, B (2026) Stochastic programming for preparedness in Opera%\uns Resear:‘:’h 39, 863-873. Rodriguez-Martinez, A., Vitoriano, B. (2020) Probability-Based Wildfire Risk Measure for Decision- emergency services. A review. EWG-ORD
humanitarian logistics. (In preparation) \ Making, Mathematics 8(4), 557 Magaliesburg (online)

HADS: Distribution of Humanitarian Aid

o i «jn\\\ ] Different attributes: Cost, equity of distribution, priority of a location, time of
W Puniat Frovince ¢ /‘: response, reliability (state of roads), security

Human evacuation Forest fires: fire suppression

Evacuation of people from affected areas to safe
places and distribution of basic commodities
Characteristics of the model:
« Multiple criteria
« Joint evacuation and commeodities distribution g
- Consideration of the gravity of the affected people Model characteristics:
Resolution: Lexicographical goal programming with two priority levels: oo genca =n <l = Multiple criteria

Salvader, Cesal.org = Dynamic model
1. Evacuation time of people in a critical state Multistage Stochastic programming

Resources
= Uncertainty
= Networks connectivity

and pr

Building realistic test cases: difficult but very important task to validate
models and to be useful for involved organizations

Different versions:
= Simplified: double flow
+ Dynamic: explicit control of timing Viteriano, B., Ortufio, M.T., Tirado. G., Montero, J. (2011) A muiticriteria optimizafion model for

Case Study: Haiti Earthquake

Response

Rl o s humanitarian aid distribution, JOGO 51, 189-208, ) 2. Total evacuation time & operational cost - Simulator integration? Library?
5 Tirado, G., Martin-Campo, F.J., Ortufio, M.T., Vitoriano, B. (2014) A lexicographical fiow model! for Mejla, C., Gaytdn, J., Caballero, R., Malina, J., Vitoriano, B. (2018) Multicriteria optimization approach to
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v K - 4 scheduling of vehicles, that travel Ferrer, J.M., Ortufio, dynamic M.T.. Tirado, G. (20‘\6) A GRASP metaheuristic for humanitarian F\nres I., Ortufio, M.T., Tirado, G. Vumnann B. (2020) Supported Evacuation for Disaster Relief through Grande, B.. Vitoriano, B. Figuera. J.R. (2025) A mathematical programming approach for
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Pakistan Floods 2010 reasons Relief, Mathematics, 8(4), 518 peaple and relief distribution durign a wildfire. Safety Science 164 ITOR 33, 1705-1732.

REC-HADS: Recovery Operations

Staff planning for field hospitals Logistics with electric veh s

Optimal Routing and charging:

Links under some reliability level are considered unavailable
Joint infrastructure recovery and distribution flow model with:

During response and recovery phases deployment of field hospitals - - = =
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Warehouses loca

SEDD: Assessment of disaster consequences

Preparedness decisions with different time horizon:

- Strategic: warehouses location & sizing

+ Tactical: prepositioning, yearly budget

= Operational: scenarios to be taken into account
evaluating decisions

requirements of relief operations

Just when a disaster

g 1t (H f
alse maintains activity in general logistics. The widest context for humanitarian logistics application is disaster management, but it also appears in other contexts, such as the case of humanitarian operations not linked to a specific disaster (World Food Programme, vaccination campaigns) or development
projects providing basic services. However, it is in disaster management where the application of humanitarian logistics is more complex and difficult and where more differences with business logistics appear.

Ferrer JM, Martin-Campo FJ, Ortufio MT, Pedraza-Martinez AJ, Tirado G, Viteriano B.(2018) Multi-criteria optimization for last mile distribution of disaster relief aid: Test cases and applications. EJOR 269 501-515
Vitoriano, B., Montero, J., Ruan, D. (2013) Decision Aid Models for Disaster Management and Emergencies. Atlantis Press. (BOOK)
Vitoriano, B., Rodriguez, J.T., Tirado, G., Martin-Campo, F.J., Ortufio, M.T_, Mentero, J. (2015) Intelligent Decision-Making Models for Disaster Management. HERA 21(5), 1341-1360.

Disaster consequences » needs of the affected population »

FUZZY BIPOLAR CLASSIFICATION

ian Logistics)”. Currently, the group's work is mainly devoted to the development of decision aid models in humanitarian logistics and disaster management but

UNION KURGIEA

Eonedos Esrucunsie

Forest fires prevention/mitigation
Fuel load and breaks management:

+ Fuel-breaks location (ZAL)

«  Prescribed burning

chnracterlstlcs

Resources management for
emergency services
Creation of long-term staff scheduling pre-

disaster, and modification after disaster strikes
minimizing the deviation to the schedule

Model characteristics
+ GIS Integration
= Scenarios generation
+ Multiobjective and stochastic optimization:
unmet demand, deterministic and stochastic cost.
- Case studies: Mexico floods decisions in emergency;

strikes: | strix sce  umo

« uncertainty about
what's happening;

+ urgent strategic

decisions to be taken.
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Uncertainty
Propagation
Networks connectivity
Muiltiple criteria

Risk management
Environmental issues
Resources allocation

cost  eren var o

(disruption management)

Model characteristics:

* Multiple criteria

+ Uncertainty

* Using historical risk assessment
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Mozambique preparedness

S Rodriguez, J.T., Vitoriano, B.. Montero,

J. (2012) A general methodology for
data-based rule building and its
application to natural disaster
management, Computers and
Operations Research 39, 863-873.

Rm!rlguez Martinez, A, Escudero, L., Monge, J.F., Or\uﬂn M.T.. Vitoriano. B. (2017) A stochastic
model for logation and ing in the for disasier

POMS2017.

Rodriguez-Martinez, A. Ortufio, M.T., Vitoriano, B (2026) Stochastic programming for preparedness in

humanitarian logistics. (In preparation)

Metaheuristics data

Leon, J.. Rellnders M., Heame o Oz\en M Relnke K. (2019) A Landscape-Scale Oplimisation Model
to Break the wel C g Habitat Quality. Environmental Modeling &
Assessment 24 3694!79

Rodriguez-Martinez, A., Vitoriano, B. (2020) Probabifity-Based Wildfire Risk Measure for Decision-
Making, Mathematics 8(4), 557

Granda, B, Vitoriano, B. (2020) Staff scheduling for
emergency services. A review. EWG-ORD
Magaliesburg (online)

Different attributes: Cost, equity of distribution, priority of a location, time of
response, reliability (state of roads), security

2010

Building realistic test cases: difficult but very important task to validate
models and to be useful for involved organizations

Different versions:

Simplified: double flow

Dynamic: explicit control of timing
and vehicle routes

For unsafe environments:

[ scheduling of vehicles, that travel
together in convoys for security

Case Study: Haiti Earthquake

Vitoriano, B., Ortufio, M.T., Tirado, G., Montero, J. (2011) A muiti-criteria optimization model for
humanitarian aid distribution, JOGO 51, 189-208.

Tirado, G., Martin-Campo, F.J., Ortufio, M.T, Vitoriano, B. (2014) A lexicographical flow mode! for
relief operations, 1JCIS 7(1), 45-47.

Ferrer. J.M., Ortufio. dynamic M.T.. Tirado. G. (20‘\6) A GRASP metaheuristic for humanitarian
sid distribution, Journal of Heuristics, 22(1), 5

Ferrer, J M., Ortufio, M.T_, Tirado G. (2020) A NewAn( Colony-Based Methodology for Disaster
Relief, Mathematics, 8(4), 518

ooy
Pakistan Floods 2010

Human evacuation Forest fires: fire suppression

Evacuation of people from affected areas to safe

places and distribution of basic commodities Resources allocation and pr ti
Characteristics of the model: = Uncertainty
« Multiple criteria Networks connectivity

« Joint evacuation and commeodities distribution
- Consideration of the gravity of the affected people
Resolution: Lexicographical goal programming with two priority levels:
1. Evacuation time of people in a critical state
2. Total evacuation time & operational cost

Mejla, C., Gaytdn, J., Caballero, R., Malina, J., Vitoriano, B. (2018) Multicriteria optimization approach to
deploy logistic during floods, ITOR, 25, 1053-1079.

Rdel characteristics:

ultiple criteria

Pynamic model

Multistage Stochastic programming
Simulator integration? Library?

Emergencia en el .
Salvador, Cesal.org

P

Fmres 1., Ortufio, M.T, Tirado, G v.mnana B. (2020) Supported Evacuation for Disaster Relj
Goa.‘ th tics 8(4), 648

F\ores I Orluflo M.T., Tirado G. (2023)Agcafprogrammmgmadel +)

peaple and relief distribution durign a wildfire. Safg

Grande. B_. Vitoriano, B. Figuera. J R_ (2025) A mathematical programming approach for
a wildfire suppression problem. Operational Research 25.,

Grande, B. Vitoriano, B. The team orienteering problem with variable time windows.
ITOR 33, 1705-1732.

REC-HADS: Recovery Operations . E 5 e r 3

- 2 = = Staff planning for field hospitals T Lo cs with electric vehicles
Links under some reliability level are considered unavailable ] - - )
Joint infrastructure recovery and distribution flow model with: - During response and recovery phases deployment of field hospitals -~ = Ophmgl Routing anfj charging:
- Recovery budget EE may be necessary, with particularities in staff management R ] : L"“r'tt'pll;lecr?“o“’g'ES &'“‘,:
+ Criteria: Demand satisfied, time, security, reliability [ 35 Creation of medical staff initial planning and rotations considering e artial Recharges

P o G 5 G ;5 O w travel costs, voluntaries availability and skills S—

Criteria aggregation: Hierarchical Compromise Programming z 2 ¥ — 3 Felipe, A., Ortufio, M.T., ini, G..Tirado, G (2014) A heuristic appma:n for the green
Applications: Response phase during and after emergency o Martin-Campo, F.J.. Ortufio, M.T. Ruizgonzalez. B. (2025) Medical staff b ™ E vehicle routing problem with multipie and partial

planning fot field hospital deployments: the START hospital, Journal of
Humanitarian Logistics and Supply Chain Management 15, 4-17.

Research Part E. Logistics and Transportation Review 71, 111-128.
Ceselli, A.. Felipe, A., Ortufio, M.T., Righini, G..Tirado, G (2021) A Branch and Cut and

Liberatore, F., Vitoriano, B., Ortufio, M.T., Tirado, G., Scaparra, M.P. (2014)A hierarchical compromise rnco'ef for the joint optimization of recovery operations
and distribution of emergency goods in Humanitarian Logistics, C d Op 42,

Development: Photovoltaic Rural Electrification
Remote areas: photovoltaic electrification

Providing basic service (fee for service) 1
Maintenance service by energy companies
Planned: preventive maintenance

Uncertainty: corrective maintenance, collecting fees

Model:
Estimating cost and sizing
Obtaining simple rules for
cost and sizing estimations

General Logistics

Leon. J.. Martin-Campo, F.J.. Ortufio, M.T., Vitoriano, B. . Carrasco, L.M., Navarte, L. (2020) A
areas. Central European Joumal of Operations Research 28, 1265-1280

P for remote

supported by grants LOG4D PID201 B679RB-100 AEI/10.13039/501100011033 Government of Spai

Ptrice Aigorithm for the Electric Vehicle Routing Problem with Multiple Technologies.
Operations Research Forum 1,2

Transportation, Energy, Productio

+ Development of models for companies/institutions over time:

— lberdrola, Endesa, Renfe, Metro Madrid, ADIF, Tekia...
= Integrated with information systems to support decision making
+ Based on Optimisation:

wla .

‘ Tirade, G., Hvattum, L.M. (2017) improved solutions to dynamic and stochastic maritime pick-up and delivery problems using local search. Annals of Operations Research 253, 825-843.

- Power generation planning
Railway transport
Agriculture/Farm planning
Orienteering problems
Safety and Security
Reliability

p
— Special treatment of uncertainty (fuzzy. stochastic programming...)
Including data science for better decision making

MSCA-RISE-2015 691161 G

SAFE, UCM-Santander GR29/20 970643
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Different attributes: Cost, equity of distribution, priority of a location, time of
response, reliability (state of roads), security

Building realistic test cases: difficult bul very important task to validate
models and to be useful for involved organizations

Different versions:
= Simplied; double flow

Mo

Case Snpdy: man Ewtauake

Wilariano, B, Orfuto, M.T. Tirado, G, Moabeso, J. (2071 ) A mull-critenis O0MTuE aion rmosdel for
urranlaidn ad cistabobon, JOGO 51, 180-08.

Tirsdo, G, Mastin-Campo, F.J, Orula, M T, Vitciano, B, (2074} A lercographical Bow mooke for
reiiel operationg, 1JCIS T(1) 45-47

Farrer, J M., Ortufio, dynamve M. T, Tirado, G. (2018) A GRASP metahewrshc for hirnandarisn
avd oigdribodian, Jourmal of Hepnstics, 22(1), 55-87

Farrer, J M., Orufio, M. T Tirade G (2020) A New Amd Codomy-Based Meihooaiogy for Disasher
Redved Mathematbics, Bdd), 518

= Dhnamic: explicit control of timing
and vehicle noutes

* For unsafe environmenis:
scheduling of vehicles, that travel
together in convoys for security
FEasons

Human evacuation

Evacuaton of people from affected areas 1o safe
plates and dstnbubon of basic commodibes
Characteristics of the model

= Multiple criteria

= Jomt evacuabon and commodities distnbution

= Consideration of the gravity of the affecied people

Emsrgesc@ an

Resolution Lexioographecal goal programming with bao priority levels Sabcadorn, C el ong
1 Evacuatsn time of people @ a entical stabe

2. Total evacuaton time & operabonal cost

Majla, C., Gaytdn, J.. Caballero, B, Molna, ., Vilorisno, B, (2010) Aslticeeans opfimizaion aporoach o
depicy umantenan Lpalc cperaions degeally Juring Toccis, [TOM, 20, TRE-1073

Figres, | Oviuila, MT, Teada, G Vilerand, B, (2000) Supsaded Bvacuabian for Digasiar Rabel saogh
Lexeggraphncal Goal Praggranamiag. Mathemslics G4 G40

Flores, | Oriufo, M.T., Tredo O. (2023 A goa programming mods for wearly evacuaion of vinarmdss

DEVE O reval Jistmbuion JuTon i wiotive. Salely Soence 1564
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This poster shows the activities of our research group, “HUMLOG Decision Aid Models for Logistics and Di: ter Manag it (H ian Logistics)”. Currently, the group's work is mainly devoted to the development of decision aid models in humanitarian logistics and disaster management but
alse maintains activity in general logistics. The widest context for humanitarian logistics application is disaster management, but it also appears in other contexts, such as the case of humanitarian operations not linked to a specific disaster (World Food Programme, vaccination campaigns) or development
projects providing basic services. However, it is in disaster management where the application of humanitarian logistics is more complex and difficult and where more differences with business logistics appear.
Ferrer JM, Martin-Campo FJ, Ortufio MT, Pedraza-Martinez AJ, Tirado G, Viteriano B.(2018) Multi-criteria optimization for last mile distribution of disaster relief aid: Test cases and applications. EJOR 269 501-515
Vitoriano, B., Montero, J., Ruan, D. (2013) Decision Aid Models for Disaster Management and Emergencies. Atlantis Press. (BOOK)
Vitoriano, B., Rodriguez, J.T., Tirado, G., Martin-Campo, F.J., Ortufio, M.T_, Mentero, J. (2015) Intelligent Decision-Making Models for Disaster Management. HERA 21(5), 1341-1360.

UNION KURGIEA

Eonedos Esrucunsie

Warehouses loca SEDD: Assessment of disaster consequences Forest fires prevention/mitigation Resources management for

Fres;tlarvtedr!ess dec;.:slorls I\Mtht_dilf&ere.ng Srrws Bowieon. Disaster consequences > needs of the affected population > F“eF' '073 a"'z hl'eakﬁ "‘;;’;93'“9"‘3 emergency services

- Strategic: warehouses location & sizing i +  Fuel-breaks location _

+ Tactical: prepositioning, yearly budget SHdiEe chis el oneiatons «  Prescribed burning ! : Crreaﬁon of long-term staff scheduling pre-

+ Operational: scenarios to be taken into account FUZZY BIPOLAR CLASSIFICATION chnracterlstlcs disaster, and modification after disaster strikes
evaluating decisions Just when a disaster Uncertainty minimizing the deviation to the schedule

MaHeller Aot strikes: [ e TR R . Frpassten (disruption management)

« uncertainty about
what's happening;

+ urgent strategic
decisions to be taken.

+ GIS Integration
= Scenarios generation
+ Multiobjective and stochastic optimization:
unmet demand, deterministic and stochastic cost.
- Case studies: Mexico floods decisions in emergency;

Networks connectivity
Muiltiple criteria

Risk management
Environmental issues
Resources allocation
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Model characteristics:

* Multiple criteria

+ Uncertainty

* Using historical risk assessment
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Preparedness & Early Response

Mozambique preparedness Case Study: Mozambique Rodriguez, J.T., Vitoriano, B.. Montero, « Metaheuristics data
J. (2012) A general methodology for
Rodriguez-Martinez. A.. Escudero. L, Mange, J.F., Ortufio. M.T.. Vitoriano. B. (2017) A stachastic d;,a,,,as’ef,me building a"“gy Leon. .. Reilnders. V.. Heame J.. Ozlen, M Remke K. (2019) A Landscape-Scale Optimisation Model
model for location and ing in the for disaster appilication to natural disaster to Break the wel C g Habltat Quality. Environmental Modeling & .

POMS2017. R eI Assessment 24, 369479 Granda, B.. Vitoriano, B. (2020) Staff scheduling for

Rodriguez-Martinez, A. Ortufio. M.T.. Vitoriano, B (2026) Stochastic programming for preparedness in Operations Research 39, 863-873. Rodriguez-Martinez, A., Vitoriano, B. (2020) Probability-Based Wildfire Risk Measure for Decision- emergency services. A review. EWG-ORD

humanitarian logistics. (In preparation) 8 Making, Mathematics 8(4), 557 Magaliesburg (online)

HADS: Distribution of Humanitarian Aid - Human evacuation Forest fires: fire suppression
= E T~ Different attributes: Cost, equity of distribution, priority of a location, time of £ Evacuation of people from affected areas to safe Noeatl i
. o i 2 laces and distribution of basic commodities Resources and pr
Suny et response, reliability (state of roads), security w 12 e 4 - Uncertainty
< o Characteristics of the model: e
el sl ’ : - = = -
Building realistic test cases: difficult but very important task to validate =i = Multiple criteria i o etworks connectivity
2 models and to be useful for involved organizations E] = Joint evacuation and commodities distribution Saiions
c ) i 5 - Consideration of the gravity of the affected people = . Model characteristics:
2 Different versions: ] Resolution: Lexicographical goal programming with two priority levels:  soyader Gesal or = Multiple criteria
a = Simplified: double flow . - i - Dynamic model
[ 5 —— — — 1. Evacuation time of people in a critical state = o
o = Dynamic: explicit control of timing Vitoriano, B., Ortufio, M.T., Tirado, G., Montero, J. (2011) A multi-criteria optimization mode! for ) = Multistage Stochastic programming
N U s g e humanitarian aid distribuiion, JOGO 51, 189-208. 2. Total evacuation time & operational cost - Simulator integration? Library?
3 Tirado, G., Martin-Campo, F.J., Ortufio, M.T., Vitoriano, B. (2014) A lexicographical flow model for Mejla. C.. Gaytan. J., Caballero, R., Molina, J., Vitoriano. B. (2018) Multicriteria optimization approach to
: + For unsafe environments: relief operations. 1CIS 7(1), 45-47 deploy logistic op during floods. ITOR. 25. 1053-1079.
v K q scheduling of vehicles, that travel Ferrer, J.M., Ortufio, dynamic M.T.. Tirado, G. (20‘\6) A GRASP metaheuristic for humanitarian F\nres I C)rluﬁo M.T., Tirado, G Vumnana B. (2020) Supported Evacuation for Disaster Relief through Grande, B.. Vitoriano, B. Figuera. J.R. (2025) A mathematical programming approach for
o= e lthy a5 for it aid distribution, Journal of Heuristics, 22(1), 5 Goal thematics 8(4). 648 a wildfire suppression problem. Operational Research 25.,
B g IR OY B O SO LY, Ferrer, J.M., Ortufio, M.T., Tirado G. (2020) A NeWAﬂf Colony-Based Methodology for Disaster F\ores |. Orturio, M.T., Tirado G. (2023) A goal pregramming model for wearly evacuation of vulnerable Grande, B. Viteriano, B. The team orienteering problem with variable time windows.
=T reasons Relief, Mathematics, 8(4), 518 peaple and relief distribution durign a wildfire. Safety Science 164 ITOR 33, 1705-1732.

REC-HADS: Recovery Operations

Logistics with electric veh s
Optimal Routing and charging:

Links under some reliability level are considered unavailable B

Joint infrastructure recovery and distribution flow model with:

During response and recovery phases deployment of field hospitals - - = =

w
= 2
& =2
g &= 5 k
- Recovery budget EE may be necessary, with particularities in staff management e gm0 2 : L"“r'tt'pll;lecr?“o“’g'ES &'“‘,:
+ Criteria: Demand satisfied, time, security, reliability [ 35 Creation of medical staff initial planning and rotations considering e = artial Recharges
P o G 5 G ;5 O w travel costs, voluntaries availability and skills S— <
= Criteria aggregation: Hierarchical Compromise Programming z 2 ¥ — =2 Felipe, A., Ortufio, M.T., ini, G..Tirado, G (2014) A heuristic appma:n for the green
g Applications: Response phase during and after emergency o Martin-Campo, F.J.. Ortufio, M.T. Ruizgonzalez. B. (2025) Medical staff =5 - c ;ehﬂcfe r:Lgngrimer;wrm n;u{lftple iy and?:ni‘a{"‘ B
ianning fot fieid hospital deployments: the START hospital, Journal of & @ skl s ieis Pes Bl lU P IE i e G UL H RSl 50 -
S‘ ﬂumanilarian nalaries SndlSLisply E haki MAnE cmentias ‘4 17 [} Ceselli, A.. Felipe, A., Ortufio, M.T., Righini, G..Tirado, G (2021) A Branch and Cut and
1 Liberatore, F., Vitoriano, B., Ortufio, M. T., Tirado, G., Scaparra, M.P. (2014) A hierarchical compromise moaef for the joint optimization of recovery operations 9 PRIy g i 6 Ptrice Aigorithm for the Electric Vehicle Routing Problem with Multiple Technologies.
a>, and distribution of emergency goods in Humanitarian Logistics, C d Op 42, Operations Research Forum 1,2 .
(=]
o : 3
> Development: Photovoltaic Rural Electrification Transportation, Energy, Productio = I N I _—
@ +« Remote areas: photovoltaic electrification e & i - evelopment of models for companies/institutions over time:
‘>’ P ding basis p i fae fq i Model: - Power generation planning L"'" — lberdrola, Endesa, Renfe, Metro Madrid, ADIF, Tekia...
3 rn.w Holaedly se_rwce (oo, serwce). 1. Est 7“"'9 FC'S‘ and sizing - Railway transport = Integrated with information systems to support decision making
2 + Maintenance service by energy companies 2. Obtaining simple rules for - Agriculture/Farm planning o ErTdlam G
« Planned: preventive maintenance cost and sizing estimations + Orienteering problems = =

Uncertainty: corrective maintenance, collecting fees

g P i
Safety and Security & ~ — Special treatment of uncertainty (fuzzy. stochastic programming...)
Reliability cdnas LEJ « Including data science for better decision making

General Logistics

Leon. J.. Martin-Campo, F.J.. Ortufio, M.T., Vitoriano, B. . Carrasco, L.M., Navarte, L. (2020) A for i P for remote
areas. Central European Joumal of Operations Research 28, 1265-1280

‘ Tirade, G., Hvattum, L.M. (2017) improved solutions to dynamic and stochastic maritime pick-up and delivery problems using local search. Annals of Operations Research 253, 825-843.
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Development: Photovoltaic Rural Electrification

 Remote areas: photovoltaic electrification 1.  Estimating cost and sizing
« Providing basic service (fee for service) 2. Obtaining simple rules for
* Maintenance service by energy companies Soshahtizing estinations
« Planned: preventive maintenance

e Uncertainty: corrective maintenance, collecting fees

Carrasco, L.M., Martin-Campo, F.J., Narvate, L., Ortufio, M.T., Vitoriano, B. (2016) Design of maintenance structures for rural electrification with
solar home systems. The case of the Moroccan program. Energy 117: 47-57.

Ledn, J., Martin-Campo, F.J., Ortufio, M.T., Vitoriano, B. , Carrasco, L.M., Navarte, L. (2020) A methodology for designing electrification programs
for remote areas. Central European Journal of Operations Research 28, 1265-1290.

N

“é Staff planning for field hospitals s
§-‘ During response and recovery phases deployment of field hospitals may - * *

o be necessary, with particularities in staff management .

@) 3 . R 3 A ¥ 2 o041 @ @
a Creation of medical staff initial planning and rotations considering travel =t —— —
3 costs, voluntaries availability and skills. e e
> e
3 Martin-Campo, F.J., Ortuiio, M.T., Ruiz-gonzalez, B. (2025) Medical staff planning fot field e

E hospital deployments: the START hospital, Journal of Humanitarian Logistics and Supply Chain e

7 Management 15, 4-17. T —
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Last mile distribution problems

hub to the final delivery destination.

Last mile distribution is defined as the movement of goods from a transportation

Rescue and evacuation operations
Distribution of commodities
Prevention of collateral damage
Start of infrastructure recovery
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Elements of HADS (last mile distribution model)

| 1. Logistic map: network with nodes representing pick-up, connection or delivery
places, main links characterised by

» Distance (length)

» Average speed
» Road state (reliability)
» Security level

2. Goods (Water, food,...) / s
» Available at each pickup node | = ‘
» Demanded at each delivery node




Elements of HADS (last mile distribution model)

3. Vehicles:
» Characteristics (Type):
» Capacity
» Speed
» variable/fixed costs
» compatibility with links
» Availability at each node
4. Mission goals:
» Global quantity to be distributed
» Budget available for operations

31




CRITERIA

» Effectiveness (Mission goal):

— Global quantity to be distributed

. — Budget

» Equity distribution of goods

» Time of response

» Cost (fix and variable)

> Reliability (network state)




CRITERIA

» Security (assault):

Hip: the more vehicles traveling together less danger (convoys)

* Risk function based on the number of vehicles travelling

* Constraint: a link is used only once (driving together)




Dealing with multiple Criteria :
¢ Dominated  ®
» DPareto Frontier: ® , o soltions ©
Very difficult to obtain with so many objectives f ° . e, ° -
* 2- and 3-dimensional projections ol e Non. o .
- " .
* Does not seem too useful for final users o .jof"f‘!b:gafed o
T %
. > Reference point method Ideal Pareto g
solution  frontier” ™~

Minimizing distance to a reference point & -
1

* Set by decision maker (expert). Targets
(GOAL PROGRAMMING)
* Ideal point (optimum for each single criteria)
(COMPROMISE PROGRAMMING)

34




Last mile distribution model

1 BRRIORITY LEVEL S

1. Hard constraints: higher priority

 Infeasible is not a solution
. 2. Soft constraints: goal constraints (targets)
More priority levels:

Lexicographical Goal Programming Model

Level 1: mission goals (quantity distributed, budget)

Level 2: fit the other performance criteria to targets

35




Static HADS:

4 Load transported from i to | in vehicles of type k QL

4 Load staying at i (delivered or not used) Q,

O Number of vehicles of type k going from i to j NL ;i

O Number of vehicles of type k staying at i N,
. O Time reaching node i ™

O Vehicles type k going from i to j (1=yes,0=no) Bl

Dynamic HADS: time horizon T >t
4 Load going from i to j in vehicles type k beginning at t QL.
1 Load at node i (delivered or not used) at time t Qi

O Vehicles type k going from i to j beginning at t NL;jiq

d Number of vehicles of type k staying ati attimet N, 36




Load Flow Constraints

StaticHADS
£ STV oL e ) oL kg vieN:
k i/(i,j)eA k i/(j,i)eA
Q,<d;+av;, VjeN
2.Q; =2 av,
¢ j " v
DynamicHADS
MR ) O rav oo Y QI SO e NV
k i/(i, j)eAt'<t—tr, k i/(j,i)eA t'<t
Qi <d,+av, VjeN

ZQJT Zav

S




Vehicles Flow Constraints

StaticHADS
¢ > N ey = SN NNk
i/(i,])eA i/(j.i)eA
YN = Yvav, ik
S J J

DynamicHADS
> ) NL, #vav,. = » MENL.. +N. Vje Nk vi<T

i/(i, j)eAt'<t—try, i/(j.i)eA t'<t
WL — Nwav . i
j j

Load-Lorries

StaticHADS | QL <cap,NL, V(i ])e A vk

|

DynamicHADS QL <cap NL;,, V(i j)e A VK Vt<T




Subtours elimination constraints

StaticHADS
o
™, >TM, +tr, —m-(1-BLy, ) V(i j) € A VK
. NL; <m"-BL;, V(I ])eAVk
Operation constraints

'COST = | (cv., QL. +2cf . NL. )<Db o

StaticHADS Zk:(i%;A ”( 2 = ”k)

> QF +Y, =qglobal

\i/d;>0 Y

DynamicHADS
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Defining/computing attributes

« COST: already computed (budget) EQUITY: worst demand unsatisfied

Sh _
{DX>1d‘ ‘v’j/dJ>OJ DX > _% vjld; >0

’ j

e TIME: total time of operation

T, 2t BQ, vVt >1g,
[leTMj Vj/dj>o] N iR )k

N, — N, <mBQ, Vj,kit

ROl B0 E® -0

(m, = (Zvavik ])




Defining/computing more attributes

RANSACK Probability

PS e
= max p.*
(i,j)eAl Pi
D NLy >0
k
PMAX =InPS = m%i(A/In pijzk: NL;;,
> NLj >0

k

L PMAX > In p, Y NL,, +m" (1—BLT,) ¥(i, j) < A}
k

PMAX N DVPMAX S tgPMAX
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Defining/computing more attributes

« RELIABILITY

[ RMIN <r. +1-BLT, V(i,j)eA}

RMIN + DVppin = t9rmin

+ PRIORITY (Node L)

F
of DVp = tgp
53

42




Lexicographical Model

Lex min a = (Yq), inDVg
N =

Level 1:
Yq*zmin Yq

sa. ). Q; +Y, =qglobal

JEN/dJ>0

Y, >0

and rest of hard constraints

Level 2:
min - w.DV. +w.DV; +w, DV,

sa. )., Q +Y,*=qglobal

jeN/d;>0
COST — DV, <tg,
T,-DV; <tg,

DX —DV,, <tg,,

DV, >0 g=C,DX,T,

hard constraints, and computing atributes




- Case study: Haiti (Hearthquake 2010)

Condition of link Basketball
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Quality of link

I Highway (max 90 km/h)

e Foad (max 70 kmh)
—— Track max 40 kmh)

v" Nodes: 24 (3 supply —port:
airport: border-; 9 demand)

v' Arcs : 42 (84 one way)

v Total demand: 250 Tm.

v Total supply: 280 Tm.

v" Qglobal: 150 Tm (60%)

v" Budget: 80000€

v’ Vehicles: 3 types [135, 95, 70
vehicles of each type]

* Capacity: 1, 2 and 3 Tms
e Speed: 100, 80 and 60 Km/h

* Not all on supply nodes.
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Equitable Itinerary:
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Evacuation at the humanitarian LLogistics cycle

|
‘| Evacuation consists on moving people and assets temporarily to safer places before,
| . .
| during or after the occurrence of a hazardous event in order to protect them

Rescue and evacuation
operations

Distribution of commodities
Prevention of collateral damage

Start of infrastructure recovery




Evacuation routes
According to the London Resilience Partnership (2018) the
 |following forms of evacuation are possible:

v’ Self-Evacuation: individuals make their own arrangements to
move from place of danger to safe place using existing public
transport or their own mode of transportation.

. Assisted Evacuation: individuals are capable of transporting

themselves but require support (indications, etc.)

v' Supported Evacuation: individuals require support from the
emergency services and public authorities to move from the
place of danger or threat of danger. This is likely to have been
preceded by the identification of the vulnerable. Support could
be in many forms and is likely to require special transport

arrangements to cater for the vulnerable.
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Supported

evacuation

Critical and
not critical

People arriving

Donations

‘Discrete Time




Core elements

Different types of
vehicles will be used

The people to be
evacuated will be
classified according
to their characteristics

and priority

A certain time after the occurrence of the
disaster cannot be exceeded

Composed by the nodes and
the edges that make up the

graph

The operation can not exceed the budget
limitation

Ditferent types of
commodities to be
distributed to the shelters
at the safe area




Variables of the model
Totp maximum number of critical population that can be evacuated
Toty maximum number of non critical population that can be evacuated

Qnir amount of people type h in i at the beginning of t
QLp; ke amount of people type h who start to travel (i) in k at the beginning of t

+ N "
Z. Nik: amount of vehicles type k in i at the beginning of t

Vi, j k, h,t NL;jk: amount of vehicles type k that start to travel (i,j) at the beginning of t

TTotPri total time needed to evacuate the population with high priority
TTot total time needed to evacuate the population with normal priority

CO i+ number of supplies type c at node i at the beginning of t
COL¢jjre number of supplies type c hat start the movement from i to j at the beginning of t
CONS_;; number of supplies of type ¢ consumable that are consumed
UTIL ;;number of supplies of type ¢ non consumable that are utilized
INS i unsatistied consumption of supplies of type ¢ during period t
CI weighted sum of unsatisfied consumption

DV,,, deviation, respect to each aspirational level of goal m
P, slack variable

Cost total cost of the operation

BTH; 1 if the high priority population has been evacuated in period t and 0, otherwise
BT, 1 if the entire population has been evacuated in period t and 0, otherwise




e O S S ' el

Mathematical multicriteria model

Objectives: L
» Maximize the number of critical evacuees (TotP) s

AR N5 e o

» Maximize the number of non critical evacuees (TotN) S

| » Minimize the evacuation time for critical evacuees (TtotPri)

» Minimize the evacuation time for non critical evacuees (Ttot)

. » Minimize the cost (Cost) » Minimize the unsatisfied consumption (CI)

Three levels to be optimized lexicographically:

» Level 1: To evacuate to the greater amount posible of affected population
(weighted sum of critical and non critical)

> Level 2: To adjust the time of the evacuation of critical population

> Level 3: Weighted sum between total cost and time and unsatisfied
consumption of supplies

YRS DV- DYV,
Lexmm aCte Cte | errDVrr | aci OI] }
tacie tarr tacr S




Constraints at the model

Z Z Z Qthgkf;’ + Z evacuhit; )

PCOPIC jldiStjik>O k t’gt—trﬁk <t

flow = D, ZZQLhijkt’+tht Vh,i,t

jldiStijk>O ALY
wpQni < qavy; Vi, h,i e NHUNR
Capacity Y wpQLpgjkt < cappNLijry Vi, jldistyjp >0 Vk,t
h

Rt N QhiT
Numbcion i ENHUNTR,h|p(h)=max,{p(h)}
persons NS > QniT

IENHUNTR,h|p(h)=min,{p(h)}

> > NLjjy + vavy, =

g d’istj?:k>0 t’gt—trﬁk

Vehicles flow Uaaas NLjipy + Nigt Vi, k, ¢
jldistij>0 /<t

Zva'vik = Z N1+ VEk
{ (
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Constraints at the model

Supplies flow

DN D NGO R R com N NN S GO =

|
j‘diStjik>0 k ﬁ’gt—t'f’jik A j‘d’lstwk>0 AN S !
> Y CONS_y Vi,clgastac =1,i e NHUNR |
AN
2. 2. 2. COLggy+ ) comegy— D, >, ) COLgjy =
j‘distjik>0 k i’ﬁt—t?‘jik <t j‘distijk>0 AN

=BERE o Vi clgastae = B S SNGH EEAGR
Z Z Z OOLCjikt’ = Z Z Z COLCijkt’ Ve, t, 1 € NALEAGTR

j‘distjik>0 k t’gt—trﬁk jldistz‘jk>0 AT

Z conpQpit = CONS.;t + INS.: Vt,clgastac=1,i e NHUNTR
h

> conpeQpit < UTILgit + INSq: Vi, clgastac = 0,i E NHUNTR
h

G =) aeie I NS

NN

Supplies consumption
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Constraints at the model

Supplies to be stocked and capacities

|
€= S IR NNCOEEp N Neona i |
|

j|d’i5tjik>0 k t’gt—t’rﬁk b
SR DA COL 504 — Y CONS_;yVt, clgastac =1,i E NHUNTR
j|di8tt‘jk>0 NN ASS <t

COpy = UTIL;;VE, clgastas.= 0,1 € NHUNR
Z WeCO0ns Z GACANNNVI R
@ (&

ZwCCOLCijkt S ca,pkNLijkt V’L,j|d?,8twk =N Vk, t
C

Cost = N distysnlefin NEy sy -~ v n(QEp sty & GO in))
h,c,i,j,k,t|dz’stijk>0

Cost s \b

Cost
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Constraints at the model

Time of evacuation of critical persons

ThotPry = Y $(BEH: — BIH; 1)
¥
B > BRH WV

N M N QLpjky < totevacp(l — BT Hy)

hlp(h)=maxp{p(h)} i,j|dist;;5>0 k t'[t'=[t—tr;;]

. Ttot = Y t(BT; — BT;_1)
B

BT BT N
n e n QLy; ik < totevacy (1 — BTy) Vt

Rlp(R)=min, {p(h)} K iyjldisty>0 ¢ [t/=[t—tr:]

Time of evacuation of non critical persons

+ Goals deviation
+ Variables domain

Vvt
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Level 1: Create plan
INPUT maximizing number of
evacuees

Fix C1 = number of
people to evacuate

People compatible Vehicle

People compatible Vehicle
P flow flow

flow flow

Level 2: Create plan

Fix C2 = evacuation time of priority population minimizing evacuation

time of priority population

C1 Level 3: Create plan optimizing
cost, total time and supply People Vehicle
C2 unsatisfied demand flow flow
— compatible
Supply

OUTPUT

flow



Saddleridge fire (Oct 2019)
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+ American
L% Red Cross

Red Cross opens shelters for those Affected by Saddleridge Fire

®* Red Cross emergency shelters are designed to meet the immediate,
. short-term needs of impacted residents until long-term efforts can get
underway. In 3 days:

v’ Opened four shelters
v Provided more than 440 shelter stays
v'Served more than 3,200 meals and snacks

v Distributed more than 490 comfort kits



https://youtu.be/6HHaaJ7m_qA
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Example: evacuation plan for people with breathing problems

= | Legend

Evacuation of people

breathing problems

\? Type of people: People with

evacuated people

\ Distribution of supplies
el \\ | (03.3114.200) | Type of supplies: Meals and
\

\ —— Direction of the
\

2.21.712) ot snacks

Direction of the
{[2.31.115 4.9821) \ supplies
[omo ] an\
\\ (tlll “1) k[tlJ tZ]J [“1:- RZ]]
t; = peried when start moving
— \ i = number of people/ supplies
b .-' \ 2 ted
any
e~ — - v Mean of transport
.24, S .
m,r[-.zza,usm \ *= Helicopter
124 bl Q ki Bus
= eoen | vk - w  Truck
{12.51,158.800,9.527]) —— i
=5 / (112627 = (12.31,[2.288,37.8571) | mampsy |
o [L.2B.369) {[1,21.[15, 5110547} ﬁ
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Case studies

Key point to achieve validation and credibility

|I:.'::Jh.' ]:l_'llll of ::||ﬂll.l". 1l Research 269 (2012) 501-515
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T Multi-criteria optimization for last mile distribution of disaster relief m
Haiti earthquake (2010) id Tet cases and applictions =
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» Pakistan floods (2010) e

AETICLE INFO ABSTEACT

Aradle v Humanitarian organizations transport lrge quantities of aid for disirbution in the aftermath of disas-
Recewed 4 December M6

ters. Tramsportation for lust mile distribution includes multiple, and dften coaflicting, pedormance oriteria
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. S = ¥ moded for multi-oriteria optimization in hemanitariae lzst mile distribution. Begarding sscurity, ours is

> I d Kepwors. the first multi-criteria model able to prodice an a0zl velide schedule while forcing wehickes 1o form

n O n e S I a O O S Humanizarian logistics comeays in humanitarian operations reseanch. We illustrate the multi-criteria optimization using a real-
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- Case study: Haiti (Hearthquake 2010)

Condition of link Basketball
Court
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Quality of link

I Highway (max 90 km/h)

e Foad (max 70 kmh)
—— Track max 40 kmh)

v" Nodes: 24 (3 supply —port:
airport: border-; 9 demand)

v' Arcs : 42 (84 one way)

v Total demand: 250 Tm.

v Total supply: 280 Tm.

v" Qglobal: 150 Tm (60%)

v" Budget: 80000€

v’ Vehicles: 3 types [135, 95, 70
vehicles of each type]

* Capacity: 1, 2 and 3 Tms
e Speed: 100, 80 and 60 Km/h

* Not all on supply nodes.
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Case of study:
Indonesia (2018)

Date: 2018/09/28

Start: 10:02 (local hour)

Several earthquakes, main with
magnitude 7.4

170 aftershocks during the first 48 hours
en las primeras 48 hours

Tsunami with waves up 10m

Soil liquefaction

i  WEST
by KALIMANTAN

CENTRAL
 KALIMANTAN

2.000 deceased

5.000 disappeared in the first hours
>10.000 seriously injured

>70.000 evacuaees




i CaSC O f Study: Damaged infrastructures:
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Figure 5. Evacuation of women susceptible to GBV.
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Case of study:
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