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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
e Reduction of the exposure to hazards
* Reduction of the population vulnerability
e 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.



UCM-HUMLO

Levels and entities (decision makers)

Local Level (L1) National/regional Level (L2-L3) International Level (L4-L5)
Civil organizations and population National civil protection, Army, Other Foreign governments (ECHO, USAID)
Local agents (police, firefighters...): governmental agencies, Red Cross and IHO.: Red Cross, MSF,ACF, Oxfam, Care,
Local civil protection Humanitarian NGOs World Vision, Save the Children

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



The disaster cycle

Mitigation/Prevention

« Preparedness —
3
¢

 Response =
™D
wnn
wn

- Recovery %D

Evaluation




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 STRATEGIC
(> 2 years)
Activity areas ~
Assessment/ Planning
MONITORING/
EVALUATION'

Procurement
‘ ;f,

TACTICAL

. (6 months to 2
years)

Warehousing
Transport

Reports

Operations support OPERATIONAL
(< 6 months)




Humanitarian logistics

Assessment & Procurement Warehousing Transportation
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Preparedness: strategic and tactical decisions

C="

» 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.



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?
o \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?



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




Model description: scenarios

For each period, scenarios 2t € 0 (t € T). For each w € N°
* a weight or probability W@,
* demand of commodity o in the network node i, D',

* capacity of network link a, N“, and cost C%,, ,



Preparedness model: variables

e warehouses location

fe wa rehouses capacities

p% facilities budget

prepositioning
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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,

e demand of commodity o in the network node i

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

Characteristics:

e 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)
o Especially developing countries: bad or few information registered

Several data sources



Scenarios generation: Phase 1- Global demand classes
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L0
1.0 4
0.8 1 S
torm 021
0.6 1 0.6
104 —
0.4 0.4
0.8 4
02 - Funcidn de distribucion de (D, p | T T
e ey, {, _ ) 02 —— Funcidn de distribucién de (D, p)
—— Funcién de distribucion empirica i N r
0.6 1 — Funcién de distribucién empirica
0 1 2 3 ! 5 6 0.0 +— , | , |
Afectados x10° g . 2 3 !
044 Afectados X1
0.2 —— Funcion de distribucién de (D, p)
—— Funcidn de distribucion empirica

0.0 0.5 L0 1.5 2.0 25
Afectados X108
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6925 0,086851 0218150 0,415592 0,634691 0,814117  0,954123
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47837 Ph2 » 0022696 0,108603 0,306045 0,525144  0,704570  0,844576
50000 0,123896  0,007404 0,204845 0,423945 0,603370  0,743376
63946 0285821  0,154521 0,042920 0,262020 0,441445  0,581451
20000 0,293538  0,162238  0,035203 0254303 0,433728  0,573734
75000 s1 5281,8 0,337191  0,205892  0,008450 0,210649  0,390075  0,530080
100003 0,353482 0222182  0,024741 0,194359  0,373784  0,513790
s2 17949,6 0,365967  0,234667  0,037226 0,181874 0,361299  0,501305
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440000 0,665962  0,534663 0,337221 0,118122 0,061304  0,201309
500000 0,683668  0,552368  0,354926  0,135827  0,043599  0,183604
500000 0,683668 0552368 0,354926  0,135827 0,043599  0,183604
500000 0,683668 0552368 0,354926  0,135827 0,043599  0,183604
549326 0,696203  0,564904 0367462  0,148363 0,031063 0,171068
1550000 0,866406  0,735107 0,537665 0,318566 0,139140  0,000865
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Storm scenarios
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Storm scenarios
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Scenarios: merge and reduction
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Case study: Mozambique

e Data sources:
EMDAT
Desinventar
Google maps
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Case study: Mozambique

Disasters: Flood, Storm, Drought, Epidemic, Earthquake
e Slow onset(no roads damages): Drought, Epidemic
* Rapid onset: Flood, Storm, Earthquake (no data)

Databases: EMDAT, DESINVENTAR
e Few information, high contradiction and not accurate information
Big efforts to cross information from both databases
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Case study: Mozambique

Nodes: 128 districts
Links: 278



Case study: Mozambique

* Capacity of network link a, N

* Unit transportation cost through
ink a, C%

Sin inf.
=¥ —— Tierra

Grava
= Asfalto




Case study: Nampula




Case study: Nampula

e 21 nodesy 78 links.

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

e 5vyears with 4 seasons per year.

e 183 733 rows, 259 288 columns, and 105 binary variables.



Pareto Frontier
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Warehouse capacities in Pareto Frontier
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Warehouse capacities installed
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Exploring alternatives

e 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

= |mpulse variables vs pulse variables
e Alternatives for solving:

o Benders decomposition
o Heuristics



Experiments

o Experiment 1: comparing impulse-pulse variables with runtime limit 20 hours

s Minimising cost, e-constraint demand

o Findings:
* Payoff matrix pulse-payoff matrix impulse
78,425 1108,293 78,425 1522
142,001 0 128,979 0

 Similar Pareto Frontier
* Incumbent solutions: no significant differences after 2h

s Conclusion:
« Comparison limiting runtime 2 hour
 Affect values (initial solution in loops different)
* Breaking symmetries

1600

1400

1200

1000

800

600

BUDGET DEVIATION

400

200

—e—PULSO —m—impulso

70 90 110 130 150
DEMAND DEVIATION



Experiments

o Experiment 2: comparing impulse-pulse variables with runtime limit 1 hour

= Building cost changing with distance to airport/port
s Minimising cost, e-constraint demand
o Findings:

 Payoff matrix pulse-payoff matrix impulse

74,81 639,11 69,09 1284,61
105,53 0 103,6 0

* 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 variabl
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Conclusions

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

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

o Tactical decisions: relief aid prepositioning and budget reserved

considering:

= QOperational decisions on different scenarios
o Expected unmet demand (72h)

o 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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