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Healthcare Systems

• ICU and operating room capacity planning
• Organ allocation policies
• Vaccine distribution under uncertainty
• Ambulance location and dispatch models

Humanitarian & Disaster Response

• Prepositioning of relief supplies
• Last-mile distribution under infrastructure damage
• Evacuation planning for vulnerable populations

Climate & Energy Transition

• Renewable energy integration in power grids
• Infrastructure investment
• Carbon-aware transportation network design
• Solar-Home-Systems maintenance plans.

Environmental & Natural Resource
Management

• Water reservoir management
• Wildfire suppression resource allocation
• Waste collection network design

OR for the Common Good
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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).

 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

Storm

DISASTER

By natural causes By human causes

Sudden occurrence Progressive occurrence Sudden occurrence Progressive occurrence 

Heat Wave
Freeze
Earthquake
Volcanic Eruption

Landslide
Drought
Flood
Epidemic
Pest

Fire
Explosion
Collision
Shipwreck
Structural Collapse

War
Economic Crisis

Vulnerability
Insufficient capacity of response

Environmental Pollution

Environmental Pollution

4

Fire





What are the EM-DAT disaster criteria?
   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;
• The declaration of  a state of  emergency:
• A call for international assistance.



• Year 2010: more than 295000 casualties and economic 
losses of  more than 130000 millions of euros

• Year 2011: more than 30000 casualties and economic 
losses of  more than 360000 millions of euros



• Year 2025:

Marked by a series of catastrophic natural hazards. 
• Earthquake in Myanmar (March 2025)  deadliest. 

• California wildfires (January 2025) the most substantial 
economic damage, confirming annual economic losses 
>200 billion $USD have become the new normal for the 

2020s.



Distribution of
natural disasters
casualties

Number of casualties is more 
related to the country  

vulnerability
than to the magnitude

or the number of disasters
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The disaster cycle

U
ncertainty

Tim
e pressure

• Mitigation / Preparation

• Response

• Recovery

• Evaluation



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

17

• Build organizational capacity
• Emergency protocols
• Location of  temporary shelters
• Prepositioning of  supplies

• Structural analysis
• Strengthen buildings and 

infrastructures
• Prevention via modification of  

environmental conditions

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

• Recover preconditions
• Proxy Of  funds
• Distribute post-disaster supplies
• Distribute humanitarian aid
• Infrastructures reconstruction

Humanitarian logistics
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Characteristics Commercial logistics Humanitarian Logistics
Objective pursued Minimize the logistic cost 

(inventory, transport,…)
Alleviate suffering 

Demand Known or estimated Unpredictable in terms of  timing, 
geographic location, type and quantity

Decision makers Few decision makers Multiple decision makers sometimes 
difficult to identify

Periodicity Usually Repetitive Sudden apparition of  unexpected 
demand for large amounts.

Initial resources Controlled Lacking
Transportation network Stable and functional Can be damaged

Dynamically changing
Uncertainty Mainly due to demand, 

price or resources.
Additional uncertainty due to 
damaged structures, dependence on 
donations or safety concerns.

Humanitarian vs. Commercial logistics
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Main components of decision-making processes
for Humanitarian Logistics:

 Resource allocation policies
 Needs assessment
 Uncertainty of  demand and supply

 Location for storage and shipment of  goods
 Type of  vehicle fleet and technology 
 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. 
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Tools for humanitarian logistics

 Crucial: effectiveness and efficiency 
       To achieve efficiency and transparency in the management of  
        available resources 

               Organizations involved in intervention
               require new technologies and specific tools

OR models / Decision Aid Systems
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2 DM. Humanitarian Logistics
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Rodríguez-Martínez, A., Escudero, L., Monge, J.F., Ortuño, M.T., Vitoriano, B. (2017) A stochastic optimization model 
for warehousing location and dimensioning in the preparedness for disaster response, POMS2017.
Rodríguez-Martínez, A. Ortuño, M.T., Vitoriano, B (2026) Stochastic programming for preparedness in 
humanitarian logistics. (In preparation)

Preparedness decisions with different time horizon:
• Strategic: warehouses location & sizing
• Tactical: prepositioning, yearly budget
• Operational: scenarios to consider evaluating decisions

Warehouses location and prepositioning

Model characteristics
• 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
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• Remote areas: photovoltaic electrification
• Providing basic service (fee for service) 
• Maintenance service by energy companies
• Planned: preventive maintenance 
• Uncertainty: corrective maintenance, collecting fees

Carrasco, L.M., Martín-Campo, F.J., Narvate, L., Ortuño, 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.
León, J., Martín-Campo, F.J., Ortuño, 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.

Development: Photovoltaic Rural Electrification

1. Estimating cost and sizing
2. Obtaining simple rules for

cost and sizing estimations

Staff planning for field hospitals
During response and recovery phases deployment of field hospitals may 
be necessary, with particularities in staff management
Creation of medical staff initial planning and rotations considering travel 
costs, voluntaries availability and skills.
Martin-Campo, F.J., Ortuño, M.T., Ruiz-gonzález, B. (2025) Medical staff planning fot field 
hospital deployments: the START hospital, Journal of Humanitarian Logistics and Supply Chain 
Management 15, 4-17.
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Last mile distribution is defined as the movement of  goods from a transportation 
hub to the final delivery destination.

• Build organizational capacity
• Emergency protocols
• Location of  temporary shelters
• Prepositioning of  supplies

• Structural analysis
• Strengthen buildings and 

infrastructures
• Prevention via modification of  

environmental conditions

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

• Recover preconditions
• Proxy Of  funds
• Distribute post-disaster supplies
• Distribute humanitarian aid
• Infrastructures reconstruction

Last mile distribution problems
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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,…)
 Available at each pickup node
 Demanded at each delivery node
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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
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CRITERIA

 Effectiveness (Mission goal): 

– Global quantity to be distributed

– Budget

 Equity distribution of  goods

 Time of  response

 Cost (fix and variable)

 Reliability (network state)
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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)
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Dealing with multiple Criteria
 Pareto Frontier: 
 Very difficult to obtain with so many objectives

• 2- and 3-dimensional projections
• Does not seem too useful for final users

 Reference point method
 Minimizing distance to a reference point

• Set by decision maker (expert). Targets
                                      (GOAL PROGRAMMING)

• Ideal point (optimum for each single criteria)  
                                              (COMPROMISE PROGRAMMING)
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Last mile distribution model

PRIORITY LEVELS:
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



36

Static HADS: 

 Load transported from i to j in vehicles of type k QLijk

 Load staying at i (delivered or not used) Qi

 Number of vehicles of type k going from i to j NLijk

 Number of vehicles of type k staying at i Nik

 Time reaching node i TMi

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

Dynamic HADS: time horizon T ∋ t

 Load going from i to j in vehicles type k beginning at t QLijkt

 Load at node i (delivered or not used) at time t Qit

 Vehicles type k going from i to j beginning at t NLijkt

 Number of vehicles of type k staying at i at time t Nikt
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Load Flow Constraints
StaticHADS

DynamicHADS

/( , ) /( , )
ijk j jik j

k i i j A k i j i A
QL av QL Q j N

∈ ∈

+ = + ∀ ∈∑ ∑ ∑ ∑
j j jQ d av j N≤ + ∀ ∈

j j
j j

Q av=∑ ∑

' '
/( , ) ' /( , ) '

,
ijk

ijkt j jikt jt
k i i j A t t tr k i j i A t t

QL av QL Q j N t T
∈ ≤ − ∈ ≤

+ = + ∀ ∈ ∀ ≤∑ ∑ ∑ ∑ ∑ ∑
jT j jQ d av j N≤ + ∀ ∈

jT j
j j

Q av=∑ ∑
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Vehicles Flow Constraints
StaticHADS

DynamicHADS

/( , ) /( , )
,ijk kj jik jk

i i j A i j i A
NL vav NL N j N k

∈ ∈

+ = + ∀ ∈ ∀∑ ∑
jk kj

j j
N vav k= ∀∑ ∑

' '
/( , ) ' /( , ) '

, ,
ijk

ijkt kj jikt jkt
i i j A t t tr i j i A t t

NL vav NL N j N k t T
∈ ≤ − ∈ ≤

+ = + ∀ ∈ ∀ ∀ ≤∑ ∑ ∑ ∑
jkT kj

j j
N vav k= ∀∑ ∑

StaticHADS
DynamicHADS

Load-Lorries
( , ) ,ijk k ijkQL cap NL i j A k≤ ∀ ∈ ∀

( , ) , ,ijkt k ijktQL cap NL i j A k t T≤ ∀ ∈ ∀ ∀ ≤



( )
( , )

/ 0

2

i

ij ijk ijkt kij ijkt
t T k i j A

iT q
i d

COST l cv QL cf NL b

Q Y qglobal
≤ ∈

>

= + ≤

+ =

∑ ∑ ∑

∑

Subtours elimination constraints

( )1 ( , ) ,j i ijk ijkTM TM tr m BL i j A k≥ + − ⋅ − ∀ ∈ ∀

' ( , ) ,ijk ijkNL m BL i j A k≤ ⋅ ∀ ∈ ∀

StaticHADS

DynamicHADS

Operation constraints
( )

( , )

/ 0

2

i

ij ijk ijk kij ijk
k i j A

i q
i d

COST l cv QL cf NL b

QF Y qglobal
∈

>

= + ≤

+ =

∑ ∑

∑
StaticHADS



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

 

• TIME: total time of operation

1 / 0j
j

j

Q
DX j d

d
≥ − ∀ > 1 / 0jT

j
j

Q
DX j d

d
≥ − ∀ >

1 / 0j jT TM j d≥ ∀ >

{ }

11

''

''

1

''

, ,

, ,

0,1

( )

t T

jkt jkT k t

jkT jkt k t

t t t

k ik
i

T t BQ t tg

N N m BQ j k t

N N m BQ j k t

BQ BQ BQ

m vav

+

≥ ∀ >

− ≤ ∀

− ≤ ∀

≥ ∈

 =  
 
∑

Defining/computing attributes



41

Defining/computing more attributes

• RANSACK Probability

( , ) /
0

max
ijk

k

ijk
k

NL

iji j A
NL

PS p
∈
>

∑
=
∑

( , ) /
0

ln max ln
ijk

k

ij ijki j A kNL

PMAX PS p NL
∈
>

= =
∑

∑

ln '' (1 ) ( , )ij ijk ij
k

PMAX p NL m BLT i j A≥ + ⋅ − ∀ ∈∑

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝐷𝐷𝐷𝐷𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ≤ 𝑡𝑡𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
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Defining/computing more attributes

• RELIABILITY

• PRIORITY (Node L)

1 ( , )ij ijRMIN r BLT i j A≤ + − ∀ ∈

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝐷𝐷𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ≥ 𝑡𝑡𝑡𝑡𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

𝑄𝑄𝑄𝑄𝐿𝐿
𝑑𝑑𝐿𝐿

+ 𝐷𝐷𝐷𝐷𝑃𝑃 ≥ 𝑡𝑡𝑡𝑡𝑃𝑃



Lexicographical Model
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and rest of hard constraints
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∑



Case study: Haiti (Hearthquake 2010)

 Nodes: 24 (3 supply –port: 
airport: border-; 9 demand)

 Arcs : 42 (84 one way)
 Total demand: 250 Tm. 
 Total supply: 280 Tm.
 Qglobal: 150 Tm (60%)
 Budget: 80000€
 Vehicles: 3 types [135, 95, 70 

vehicles of  each type] 
• Capacity: 1, 2 and 3 Tms 
• Speed: 100, 80 and 60 Km/h 
• Not all on supply nodes.



Total Cost Itinerary:



Equitable Itinerary:



Maximum reliability Itinerary:



All criteria-weighted Itinerary:



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

• Build organizational capacity
• Emergency protocols
• Location of  temporary shelters
• Prepositioning of  supplies

• Structural analysis
• Strengthen buildings and 

infrastructures
• Prevention via modification of  

environmental conditions

• Rescue and evacuation 
operations

• Distribution of  commodities
• Prevention of  collateral damage
• Start of  infrastructure recovery

• Recover preconditions
• Proxy Of  funds
• Distribute post-disaster supplies
• Distribute humanitarian aid
• Infrastructures reconstruction

Evacuation at the humanitarian Logistics cycle
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According to the London Resilience Partnership (2018)  the 
following forms of  evacuation are possible:

 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.)

 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. 50

Evacuation routes
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Evacuees

Multimodal

Goods

Donations

People arriving 

Discrete Time
52

Model characteristics

Supported
evacuation

Critical and 
not critical



Time

Vehicles
Transport
Network

Supplies

Budget

People

Different types of 
vehicles will be used

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

The operation can not exceed the budget 
limitation

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

Composed by the nodes and 
the edges that make up the 

graph

Different types of 
commodities to be 

distributed to the shelters 
at the safe area

Core elements

53



𝑄𝑄ℎ𝑖𝑖𝑖𝑖 amount of  people type h in i at the beginning of  t
𝑄𝑄𝑄𝑄ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 amount of  people type h who start to travel (i,j) in k at the beginning of  t

𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖 amount of  vehicles type k in i at the beginning of  t
𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 amount of  vehicles type k that start to travel (i,j) at the beginning of  t

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐 number of  supplies type c at node i at the beginning of  t
𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 number of  supplies type c hat start the movement from i to j at the beginning of  t

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐 number of  supplies of  type c consumable that are consumed
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐number of  supplies of  type c non consumable that are utilized
𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐 unsatisfied consumption of  supplies of  type c during period t

𝐶𝐶𝐶𝐶 weighted sum of  unsatisfied consumption

𝑇𝑇𝑇𝑇𝑇𝑇𝑃𝑃 maximum number of  critical population that can be evacuated
𝑇𝑇𝑇𝑇𝑇𝑇𝑁𝑁 maximum number of  non critical population that can be evacuated

𝐷𝐷𝐷𝐷𝑚𝑚 deviation, respect to each aspirational level of  goal m
𝑃𝑃𝑚𝑚 slack variable

ℤ+
∀𝑖𝑖, 𝑗𝑗,𝑘𝑘,ℎ, 𝑡𝑡

0 ≤
∀𝑖𝑖, 𝑗𝑗, 𝑘𝑘, 𝑐𝑐, 𝑡𝑡

𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡 1 if  the high priority population has been evacuated in period t and 0, otherwise
𝐵𝐵𝐵𝐵𝑡𝑡 1 if  the entire population has been evacuated in period t and 0, otherwise

{0,1}
∀𝑡𝑡

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 total time needed to evacuate the population with high priority
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 total time needed to evacuate the population with normal priority

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 total cost of  the operation

54

Variables of  the model



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

Objectives:
 Maximize the number of  critical evacuees (TotP) 
 Maximize the number of  non critical evacuees (TotN)
 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)

55

Mathematical multicriteria model



People
flow

Capacity

Number of  
persons

Vehicles flow

56

Constraints at the model



Supplies flow

Supplies consumption
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Constraints at the model



Supplies to be stocked and capacities

Cost
58

Constraints at the model



Time of  evacuation of  critical persons

Time of  evacuation of  non critical persons

59

Constraints at the model

+    Goals deviation
+   Variables domain
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Saddleridge fire (Oct 2019)
.

San 
Fernando 

Valley,  
Los 

Angeles 
County, 

California.



Up to 23,000 
homes were 
placed under 
mandatory 
evacuation, 
leaving over 

100,000 
residents 

displaced at the 
fire's peak. 



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:

Opened four shelters

Provided more than 440 shelter stays

Served more than 3,200 meals and snacks

Distributed more than 490 comfort kits

https://youtu.be/6HHaaJ7m_qA

https://youtu.be/6HHaaJ7m_qA


Saddleridge Fire (2019)

Node type

• Pickup-ME Area
• Pickup-WE Area
• Primary shelter
• Secondary shelter
• Depot

Legend: Road status

Blocked or shattered
Alternate helicopter route
Terrestrian road



Example: evacuation plan for people with breathing problems
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Case studies
Key point to achieve validation and credibility

 Niger famine (2005)

 Haiti earthquake (2010)

 Pakistan floods (2010)

 Indonesia floods (2018)



Niger Famine 2005



Case study: Haiti (Hearthquake 2010)

 Nodes: 24 (3 supply –port: 
airport: border-; 9 demand)

 Arcs : 42 (84 one way)
 Total demand: 250 Tm. 
 Total supply: 280 Tm.
 Qglobal: 150 Tm (60%)
 Budget: 80000€
 Vehicles: 3 types [135, 95, 70 

vehicles of  each type] 
• Capacity: 1, 2 and 3 Tms 
• Speed: 100, 80 and 60 Km/h 
• Not all on supply nodes.



Case of  study: 
Pakistan floods (2010) 



Case of  study: 
Indonesia (2018) 



Case of  study: 
Indonesia (2018) Sulawesi

Damaged infrastructures:
• Roads
• Bridges
• Airport
• Port
• Electric Grid
• Fuel reserves
• Drinking water pipes

Damaged buildings:
• 700 schools
• 20 medical centres
• 99 religious buildings
• About 66,238 houses        

(the 99.2% in Palu and 
surroundings)
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Legend
Road type
Path
Local
Secondary
Primary

Road status
Blocked or shattered
Seriously damaged
Parcialy damaged
Passable

Affected node
Hospital
Temporary shelter

1

0,9 1,1

2,1

1,4
5

1,4
3 0,8

0,9

0,6

1

2,9

1,31

0,8
1,3
5

1,2
2

2,7
6

0,6

1,6

1,6
20,7

1,5

1,4

1,2

1
1

0,6
1,6
2

1,3
5

0,7
1,12

1,3
5

0,7

0,4

1,5
9

1,3

1,2

0,3

0,7
5

0,4

X: distance between nodes (km)
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Case of  study: 
Myanmar (2025) 
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Ethical
responsability
embedded in 

modeling
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