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Disaster Risk Reduction

➢DRR: concept and practice of risk reduction through sistematic efforst to analyse and 
reduce the causal factors of disasters

• Reduction of the exposure to hazards

• Reduction of the population vulnerability

• Rational management of the land and the environment

• Improvement of preparedness and response to adverse events

➢DISASTER: Disruption of the normal functioning of a system or community, in a 
specific geographical area and limited time, which causes a strong impact on people, 
structures and environment, and goes beyond local capacity of response.
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Levels and entities (decision makers)

1

Local Level (L1)

Civil organizations and population

Local agents (police, firefighters…):  
Local civil protection

2 3

National/regional Level (L2-L3)

National civil protection, Army, Other 

governmental agencies, Red Cross and 

Humanitarian NGOs

International Level (L4-L5)

Foreign governments  (ECHO, USAID)

IHO.: Red Cross, MSF,ACF, Oxfam, Care, 
World Vision, Save the Children

UN: OCHA, Agencies (UNICEF, WFP, UNDP, 
UNHCR). IASC (Inter-Agency Standing 
Committee)
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The disaster cycle

• Mitigation/Prevention

• Preparedness

• Response

• Recovery

• Evaluation
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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



Humanitarian logistics

Assessment & 
planning

Procurement Warehousing Transportation
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methods, advanced 
procurement

Planning 
prepositioning & 
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Planning modes and 
transportation routes
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Damage & needs 
assessment , local 
capacities assessment, 
launch SAR, deployment 
of teams

Acquisition, 
consolidate orders, 
new orders, defining 
standard and kits, 
agreements

Managing goods, 
preparing kits, control 
of inflows and 
outflows, location on 
the field

Transport primary (point 
to point) and secondary 
movements  (to several 
EDPs or warehouses on 
the field). Customs
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Preparedness: strategic and tactical decisions

• Disasters can be seasonal (rains, cyclones, droughts), 
or non seasonal (earthquakes,…) 

• Many countries suffer recurrent natural disasters

• Disasters can be slow onset or sudden onset

• Authorities must provide relief aid to affected people 
under a very high time pressure: prepositioning

• Big amounts of relief aid must be moved

• Logistics is critical to provide relief at right time, right place, right amount, right quality, 
right cost, right source (the six “rights”)

• First responders: population, civil protection, governments, NGO on the country

• Local capacities critical to response (72 hours). International support will arrive with delay. 
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Preparedness model: local entities

• Strategic decisions (unique for different scenarios):
▫ When and where to locate the main warehouses? 

▫ What does their capacities have to?

• Tactical decisions (unique for different scenarios):
▫ How much humanitarian aid to be prepositioned?

▫ Where to locate the prepositioned aid?

▫ What budget should be saved for facilities and for response?

• Operational decisions (for each scenario):
▫ How transport the goods to be distributed?

▫ How much humanitarian aid to be acquired in emergency?

▫ How much humanitarian aid to be acquired to restore stock levels?
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Preparedness model: elements

Model for strategical and tactical decisions taking into account operational 
decisions under different scenarios

• Time horizon: several years 

• Stages: each year (e)

• Periods: each season into a year (t)

• Transport network: 

▫ Nodes (demand, supply, transit…)

▫ Links (roads)

• Scenario: for each season

▫ People and affected area : demand in each node

▫ Roads conditions for distributing relief aid (links capacities)



Model description: criteria measures

Unmet demand: 
 Stochastic (for each scenario and commodity)

 Expected value per season

Cost:
 Deterministic cost (strategical) + Stochastic cost (response and prepositioning)

 Expected value of budget deviations

Response time: Hard constraints limiting origin of aid

MULTIOBJECTIVE OPTIMISATION: Pareto Frontier

13



Model description: scenarios

For each period,  scenarios 𝛺𝑡 ⊆ 𝛺 𝑡 ∈ 𝑇 . For each  𝜔 ∈ 𝛺𝑡

• a weight or probability 𝑊𝜔,

• demand of commodity 𝑜 in the network node 𝑖, 𝐷𝑖𝜔
𝑜

• capacity of network link 𝑎, 𝑁𝜔
𝑎, and cost 𝐶𝜔

𝑜,𝑎

14



Preparedness model: variables
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warehouses location

warehouses capacities

facilities budget    

procurement and distribution budget

prepositioning    



Preparedness model: Budget allocation
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Preparedness model: multiobjective programming- 

weighting method 
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Preparedness model: scenarios generation

Scenario features: 

• a weight or probability, 

• demand of commodity 𝑜 in the network node 𝑖 

• capacity of network link 𝑎 and transport cost of commodity o through link a

Characteristics:

• Recurrent disasters: Historical data

• Disaster type data: consequences very dependent on the type of disaster

• Geographical data: disasters and their consequences  very dependent on the location

• Scarce reliable information (Unlike what happens today in data science)
▫ Especially developing countries: bad or few information registered

• Several data sources



Scenarios generation: Phase 1- Global demand classes
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s1 - 5282 s2 - 17950 s3 - 61000 s4 - 207304 s5 - 704503 s6 - 4604972

0,090977 0,222277 0,419718 0,638818 0,818243 0,958249

0,086851 0,218150 0,415592 0,634691 0,814117 0,954123
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0,616709 0,485409 0,287968 0,068868 0,110557 0,250563

0,652272 0,520973 0,323531 0,104432 0,074994 0,214999

0,657609 0,526309 0,328868 0,109768 0,069657 0,209663
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0,696203 0,564904 0,367462 0,148363 0,031063 0,171068

0,866406 0,735107 0,537665 0,318566 0,139140 0,000865
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Flood scenarios
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Storm scenarios
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Data
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s6 2627952 0,063
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Scenarios: merge and reduction
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• Data sources: 
▫ EMDAT

▫ Desinventar

▫ Google maps

▫ Mozambican entities (meteorology, transport…)

▫ Logistic cluster

▫ NGOs, Red Cross…

Case study: Mozambique



Case study: Mozambique

• Disasters: Flood, Storm, Drought, Epidemic, Earthquake

• Slow onset(no roads damages): Drought, Epidemic 

• Rapid onset: Flood, Storm, Earthquake (no data)

• Databases: EMDAT, DESINVENTAR 

• Few information, high contradiction and not accurate information

• Big efforts to cross information from both databases
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Case study: Mozambique
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Case study: Mozambique
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Nodes: 128 districts
Links: 278



Case study: Mozambique
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• Capacity of network link 𝑎, 𝑁𝑎,𝜔

• Unit transportation cost through 
link 𝑎, 𝐶𝑜

𝑎,𝜔



Case study: Nampula
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Case study: Nampula

• 21 nodes y 78 links.

• 35 scenarios (19 in June-July-August).

• 5 years with 4 seasons per year.

• 183 733 rows, 259 288 columns, and 105 binary variables.
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Pareto Frontier
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Warehouse capacities in Pareto Frontier
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Unmet demand

Budget deviation



Warehouse capacities installed
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Exploring alternatives

• Objective: 
▫ Solving the model for full Mozambique

▫ Other measures (CVaR…)

▫ Working with INGD of Mozambique (research project, students…)

• Difficulties: high running times

• Alternatives for modelling and methodologies:
▫ Breaking symmetries: Different building costs (the further away from the airport/port the more 

expensive it is)

▫ Weighting method vs e-constraints: e-constraints looks better

▫ Impulse variables vs pulse variables

• Alternatives for solving:
▫ Benders decomposition

▫ Heuristics
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Experiments

• Experiment 1: comparing impulse-pulse variables with runtime limit 20 hours
▫ Minimising cost, e-constraint demand

▫ Findings:

 Payoff matrix pulse-payoff matrix impulse

 Similar Pareto Frontier

 Incumbent solutions: no significant differences after 2h

▫ Conclusion: 

 Comparison limiting runtime 2 hour

 Affect values (initial solution in loops different)

 Breaking symmetries
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Experiments

• Experiment 2: comparing impulse-pulse variables with runtime limit 1 hour
▫ Building cost changing with distance to airport/port

▫ Minimising cost, e-constraint demand

▫ Findings: 

 Payoff matrix pulse-payoff matrix impulse

 Including lower bound for demand can be worse (639,11)

 Difficult to change binary variables in loop for Pareto Frontier
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Solution with pulse variables and asymmetric costs
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Conclusions

• Humanitarian logistics is key to provide relief aid to people in need

• A multicriteria model has been developed for:
▫ Strategic decisions: relief aid warehouses location and sizing

▫ Tactical decisions: relief aid prepositioning and budget reserved

considering:
▫ Operational decisions on different scenarios

▫ Expected unmet demand (72h) 

▫ Expected budget deviation (72h)

• Runtimes are too high

• Work made reducing times: pulse formulation, e-constraints, changes in costs

• Work in progress: Benders decomposition

• Future objective: solving the full case Mozambique, validate it with the INGD
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