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Abstract—Despite the availability of natural disaster related time
series data for last 110 years, there is no forecasting tool available to
humanitarian relief organizations to determine forecasts for
emergency logistics planning. This study develops a forecasting tool
based on identifying probability distributions. The estimates of the
parameters are used to calculate natural disaster forecasts. Further,
the determination of aggregate forecasts leads to efficient pre-disaster
planning. Based on the research findings, the relief agencies can
optimize the various resources allocation in emergency logistics
planning.

Keywords—Humanitarian logistics, relief agencies, probability
distribution.

I.  INTRODUCTION

HERE has been a marked increase in the occurrence of

natural disasters such as earthquakes, tsunami, floods,
bushfires, hurricanes, droughts and so on globally during the
last ten years along with exposure to greater levels of loss of
life, and property damage. The number of natural disasters is
increasing every year. For instance, during 1980s the average
number of disasters per year was 180, in 1990s increased to
300, and in 2000 to 2010 it was 384, indicating a dramatic
increase. As the number of disasters increases every year,
more people are affected by these disasters. Comparing 2011
with the previous decade indicates that the number of victims
increased from annual average number of 232.0 million for
years 2001 to 2010, to 244.7 million victims worldwide.

In 2011, economic damages from the natural disasters were
the highest ever registered, with an estimated US$366.1
billion, and increased by 235% compared to the annual
average damages from 2001 to 2010 (US$109.3 billion).
Because of the population growth and new developments in
risk prone regions, the exposure of the human kind to the
natural disasters is increasing even more. A total of 101
countries were hit by these disasters last year.
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Over the last decade, China, the United States, the
Philippines, India and Indonesia constitute the top five
countries that are most frequently hit by natural disasters [14].
Asia was the most often hit by natural disasters in 2011 (44%),
followed by Americas (28%), Africa (19.3%), Europe (5.4%)
and Oceania (3.3%). Moreover, Asia accounted for 86.3 of
victims affected, followed by Africa (9.2%). In 2011, Asia
also suffered the most damages (75.4% of global disaster
damages), followed by the Americas (18.4%) and Oceania
(5.6%). The earthquake and tsunami in Japan was the most
expensive disaster ever recorded, with estimated economic
losses of US$210 billion. Floods in Thailand caused a loss of
US$40 billion, followed by earthquake in New Zealand
(US$15 billion), storms in the USA (US$14 billion). In terms
of Gross Domestic Product (GDP), damages in Japan
represented 3.0% of the country’s GDP, whereas damages
from natural disasters in El Salvador and Cambodia — a low-
middle income and low-income country, respectively —
represented 4.7% and 4.6% of the countries” GDPs. New
Zealand and Thailand also suffered great economic losses
amounting to 12.8% and 12.7% of their GDPs respectively
[14],[36].

Immediately after the disaster, there is a huge surge of
demand of relief materials with a short notice and the
humanitarian relief organizations often face significant
problems of emergency logistics management such as
transporting large amounts of many different commodities
including food, clothing, medicine, medical supplies,
machinery, and personnel from several origins to several
destinations inside the disaster area. The transportation of
supplies and relief personnel must be done quickly and
efficiently to maximize the survival rate of the affected
population and minimize the cost of such operations. The
demands in the relief chain occur in irregular amounts and at
irregular intervals and occur suddenly, such that the locations
are often completely unknown until the demand occurs.

Humanitarian relief organizations and NGO’s are mostly
non-profit organizations with the idea of providing critical
services to the public in order to minimize the pain and
sufferings after a natural disaster. According to UN Office for
Humanitarian Affairs, there is increasing human vulnerability
in natural disasters, 244.7 million affected in 2011, and in
complex emergencies 54 million in need of life-saving
assistance in 2011. Furthermore, emergency management
involves preparing for disaster before it happens, responding
to disasters immediately, as well as supporting, and rebuilding
societies after the natural or human-made disasters have
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occurred. It is essential to have comprehensive emergency
plans and evaluate and improve the plans continuously.

Where emergencies are sudden, roads unusable or ground
conditions dangerous, or where much of the infrastructure has
been damaged or destroyed, helicopters are used to deliver
food and non-food items. Emergency logistics carries out
helicopter airlifts to reach areas where fixed-wing aircraft
cannot land.

Helicopters have become an indispensable aid for dealing
with disasters. People who have fallen victim to a catastrophe
or are endangered by disaster cannot afford to wait until a
“clearer picture” of the damage has been established.
Helicopters can contribute towards establishing this picture,
and are promptly called out as soon as “a major occurrence”
has taken place.

The global increase in the number of natural disasters
highlights the need for a better planning and operation of the
responding agencies. It is very difficult, if not impossible, to
efficiently operate such a complex system without
comprehensive mathematical models and forecasting tools.
The existing academic literature is relatively light on disaster
management articles that used operations research techniques
to deal with the problem.

Most humanitarian relief organizations are unable to plan an
efficient and effective relief work or prepare for large disaster
due to difficulty in accurately guessing the location of disaster.
These agencies need to plan for huge surge in demand with a
short notice under most difficult scenarios such as damaged
roadways and rail lines, chaotic behaviour of victims,
breakdown of infrastructure, short lead time and so on. A
review of the existing literature indicates that in majority of
the situations, the emergency logistics planning and
distribution of relief goods from source to the victims take
place during post-disaster period [35]. Shortage of relief goods
have been experienced by the donor organizations. In order to
develop useful emergency plan and respond to the natural
disasters, humanitarian relief organizations, governments and
NGOs need to estimate the number of people affected, number
of people killed and the economic damages from disasters.
Therefore, there is a need to develop a mathematical or
probabilistic forecasting tool to predict global annual demand
of relief goods. To the best of our knowledge no work has yet
addressed the development of a probabilistic model for the
relief agencies’ use. This research develops a probabilistic tool
to predict the number of natural disasters, bulk economic
losses, potential number of victims affected, and the number
of people killed and subsequently the demand of certain
commodities. The forecasts will be beneficial to the relief
organizations, governments and NGOs if they are able to
foresee before-hand the demand pattern for the forthcoming
years and make emergency logistics plans in advance to
handle any possible surge in demand. Knowledge on their
current stocks and flows for each type of relief commodities
will also aid them in making informed decisions to minimize
delay in the arrival of commodities from aid centres and
distribution and rescue effort.

II. LITERATURE REVIEW

One of the earliest studies for logistics management in relief
operations was addressed by Reference [18] for the increasing
refugee population in Somalia. Subsequently, Reference [2]
addressed the need of logistics management in relief
operations for the 1985 Mexico City earthquake. Some
specific features of the emergency logistics problem were
studied in the routing literature by numerous References
[6],[10]-[13],[16],[19],[20],[24]1,[25],[28];  however,  the
general logistics problem involving relief supplies distribution
characteristics received far less attention. The mathematical
formulations for commodities transportation in emergency can
be found in References [7],[8],[15],[27]. Reference [34]
extends the commodity logistics model to integrate the
wounded evacuation and emergency medical centre location
problems and the logistics operations are illustrated by a
concrete application on earthquake scenario. Further,
Reference [35] presents a meta-heuristic of ant colony
optimization (ACO) for solving the logistics problem arising
in disaster relief activities. The logistics planning involves
dispatching commodities to distribution centres in the affected
areas and evacuating the wounded people to medical centres.
Furthermore, Reference [3] proposed a model to determine the
number and locations of distribution centres to be used in
relief operations.

Humanitarian logistics, also called relief supply chain
management, have gained attention due to an increasing
number of natural and man-made disasters and the recognition
of the central role of logistics in responding to these [17]. The
needs are expected to increase another five-fold over the next
fifty years’ [31]. However, the literature in the area of
humanitarian logistics is largely focused on handbooks and
general procedures [5]. Reference [1] has made a literature
review on disaster operations management, resulting in only
109 academic articles published in operations management
related journals, indicating needs for more research on the
subject. The analytical techniques used in the field of
operations research and management include mainly
simulation, optimization and statistics. They concluded that
most of the disaster management research was related to social
sciences and humanities literature.  References [21],[29]
discuss the need for speed and better coordination between
those involved in the humanitarian logistics network. Logistics
in humanitarian aid operations are highly dynamic, innovative
and characterized by complexity of operational conditions and
often politically volatile climate, high level of uncertainties in
terms of demand and supplies, pressure of time and high staff
turnover [26],[32]. Some studies such as References
[4]1,[26],[30]-[33], emphasized that some supply chain
concepts share similarities to emergency logistics and
therefore can be successfully adapted in emergency response
logistics. Reference [9] discussed the food security and
humanitarian assistance among displaced Iraqi populations in
Jordan and Syria. In a recent study, Reference [23] highlighted
pre-storm emergency supplies inventory planning. More
research is needed to develop new models or new variants of

3220



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:6, No:11, 2012

old ones, especially in preparedness, response and recovery
stages of the disaster management.

This study develops a forecasting tool to assess the logistic
and supply needs, and the population’s needs as a
consequence of a disaster, as well as the available local
capacity and complementary requirements to meet those
needs. It is important to determine not only the needs of the
affected population, but also the needs of the relief
organizations that perform the relief tasks. A disaster scenario
is usually a dynamic and changing situation, thus the tool must
help not only to identify the current situation, but also to
anticipate future needs.

III. MODEL DEVELOPMENT

There are many standard statistical distributions which may
be used to model the number of natural disasters, economic
losses, number of people affected, and number of people killed
over time. It has been found that a relatively small number of
statistical distributions satisfy most needs in emergency
logistics planning. The particular distribution used depends
upon the nature of the data, in each case.

The probability distribution of a random variable may be
defined empirically or through one of many well-known
probability distributions. In many cases the analyst may fail in
an attempt to describe the behaviour of a random variable
through a well-known distribution and thus be forced to use an
empirically derived probability distribution. However, where
the behaviour of the random variable can be adequately
characterized by a well-known probability distribution it will
be convenient and useful to do so. In this paper, we present the
properties of relevant well known random variables and their
probability distributions.

A. Exponential Distribution

This is probably the most important distribution in
engineering and lifetime work. It has the advantages of a
single, easily estimated parameter (A), mathematically very
tractable, and fairly wide applicability.

The probability density function is

f(6) =2re™

where 4 is the parameter.

for t>0

B.  Weibull Distribution

The Weibull random variable finds its most frequent
application in engineering. It is a general distribution and by
adjustment of the distribution parameters, it can be made to
model a wide range of the distribution characteristics.

The probability density function of a two parameter Weibull
distribution is

f) = aﬁtﬁ_le_mﬁ for t>0, a>0, B> 0.
where P is referred to as a shape parameter and o a scale
parameter.

There are several methods by which one can obtain good
point estimates of the unknown parameters, o and p of the two
parameter Weibull distribution. The methods include the
iterative solution of the maximum-likelihood equations,

moment estimators, and several types of linear estimation
techniques. A discussion of these methods is presented in [22].

Data has been collected from the Centre for Research on the
Epidemiology of Disasters (CRED)’s EM-DAT worldwide
database for natural disasters. This has been sponsored by the
United States Agency for International Development’s Office
of Foreign Disaster Assistance (USAID/OFDA). It contains
data from year 1900 to 2011. CRED has compiled the data
from numerous sources including UN agencies, NGOs,
insurance companies and research institutes [14]. Systematic
collection and analysis of these data provides invaluable
information to governments and relief agencies in charge of
relief and recovery activities. EM-DAT provides an objective
basis for vulnerability assessment and rational decision-
making in disaster situations. In addition to providing
information on the human impact of disasters, such as the
number of people killed, injured or affected, EM-DAT
provides disaster-related economic damage estimates and
disaster-specific international aid contributions.

We have used the Minitab Statistical Software’s built-in
“trend analysis plot” option, where we can add trend lines to
data sets (from year 1900 to 2011 for different variables) after
the charts have been generated. Figures 1 thru 4 illustrate the
charts and trend lines. Subsequently, we have used Minitab’s
Individual Distribution Identification tool to find the
distribution of data. The tool generates probability plot and
assesses the fit. A given distribution is a good fit if the plotted
points roughly follow a straight line and the goodness of fit
test p-value is greater than 0.05 for an alpha level of 5% or
confidence interval of 95%. The tool allows us to easily
compare how well our data fit 16 different probability
distributions. There are three measures generated in the
output: AD, p-value and ‘LRT P’; and we have considered all
three while identifying the best fit distribution. Lower AD
values indicate a better fit. It is generally valid to compare AD
values between different distributions and go with the lowest.
Additionally, a high p-value is required. A low p-value (<
0.05) indicates that the data do not follow that distribution.
Moreover, for 3-parameter distributions only, a low ‘LRT P’
value indicates that adding the third parameter is a significant
improvement over the 2-parameter version. A higher value of
‘LRT P’ suggests that one should stick with the 2-parameter
version.

After identifying the best fit probability distribution for
each data set, estimates of distribution parameters are read
from the Minitab output. Subsequently, the probability
distribution function is used to calculate the values of the
variables of interest for future periods such as year 2012 thru
2016. Relief agencies need to know the future aggregate
demand of relief goods much in advance to plan for supply
and distribution. Figure 1 illustrates the number of disasters
reported from year 1900 to 2011. The trend indicates that the
number of disasters is exponentially increasing with respect to
time as shown in (1). Identifying the best fit curve indicates
that the aggregate number of natural disasters is Weibull
distributed with shape and scale parameters values as 0.6548
and 126.6.
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Fitted trend equation is: Fao12 = 808
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Fig. 1 Number of disasters reported 1900 — 2011

Figure 2 shows the aggregate number of people affected
globally due to natural disasters from year 1900 to 2011.
Moreover, this trend also indicates that the number of people
affected is exponentially increasing with respect to time as
shown in (2). Identifying the best fit curve indicates that the
aggregate number of people reported affected is Gamma
distributed with shape and scale parameters values as 0.2031
and 3.25129E+08 (or 325,129,000). Future forecasts can be
calculated using the fitted trend equation (2).

F, = 2354.9¢01262¢ )

where F, is the forecast value of the number of people affected
for time period ¢.

F2012 = 1,341894 million

F2013 = 1,522421 million

F2014 = 1,727235 million

F2015 = 1,959603 million

F2016 = 2,223232 million.

Figure 3 depicts the estimated aggregate economic
damage/loss world-wide caused by natural disasters from year
1900 to 2011. As can be observed from the time series plot, in
1995, Kobe earthquake in Japan caused a major economic
loss. Further, in 2004-2005, hurricane Katrina caused a major
economic damage in southern United States and in 2008
Sichuan earthquake was the major cause of high economic
loss. Again, last year Japan suffered a major economic loss
due to Honshu tsunami and earthquake. Furthermore, the trend
indicates that the economic loss caused by natural disasters is
exponentially increasing with time as shown in (3). This trend

is similar to other trends for the number of disasters and the
number of people affected. Identifying a best curve fit
indicates that estimated damage is Weibull distributed with
estimated shape and scale parameters as 0.3755 and 6019.37.
Future economic loss forecasts can be calculated using the
fitted trend equation (3).

F, = 13.342¢008%¢ 3)

where F; is the forecast value of the economic loss for time
period ¢.

Fzmz = $149153 billion

Fa013 = $163.139 billion

Fao14 = $178.437 billion

F2015 = $195170 billion

F2016 = $213471 billion.

Figure 4 shows the number of people reported killed by
natural disasters from year 1900 to 2011. This trend indicates
that the number of people killed by disasters is declining over
time. The reason could be better earthquake proof building
codes in many countries, active participation of numerous
relief agencies and humanitarian organizations in rescue and
relief efforts after the formation of United Nations in 1945,
use of helicopters and air operations in rescuing people,
availability of improved information and communication
technology, access to mobile hospitals near disaster sites and
better medical technology, cooperation between donor nations,
and better coordination of rescue operations. However,
aggregate number of people affected by natural disasters is
increasing over time as discussed above. Identifying the best
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fit curve indicates that the number of people reported killed is
Weibull distributed with shape and scale parameters values as
0.8711 and 1.54607E+06 (or 1,546,070). Future forecasts for

where F, is the forecast value of the number of people reported
killed for time period ¢ (a five years average interval used in
plotting the curve).

the number of people reported killed by natural disasters can Fa12 = 44,891
be calculated using the fitted trend equation (4). Fao13 =44,721
F2014 = 44,551
F, = 2591366(0.9105%) %) Fao15 = 44,382
F2016 = 44,214
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Fig. 2 Number of people reported affected by natural disasters 1900-2011
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Fig. 3 Estimated damage (USS$ billion) caused by reported natural disasters 1900-2011

Table I summarizes the results of goodness of fit test and
the estimates of parameters of probability distribution. These
findings are used in selecting the appropriate probability
distribution functions to determine the future aggregate

forecasts. The relief organizations can use the aggregate
forecast values of number of disasters, number of affected
people, economic loss and the number of people killed in the
coming years to assess the future global demand of relief
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goods as part of the pre-disaster planning. It will assist in
determining the logistical needs.

TABLE 1
RESULTS OF PROBABILITY DISTRIBUTION IDENTIFICATION

Random Variable Best fit Estimates of
Distribution ~ Parameters
Identified
Number of disasters Weibull Shape  parameter =
0.6548
Scale parameter = 126.6
Number of people Gamma Shape  parameter =
affected by natural 0.2399
disasters Scale  parameter =
1.2447x10°
Estimated damage Weibull Shape  parameter =
caused by disasters 0.3755
Scale  parameter =
6019.3707
Number of people Weibull Shape  parameter =

killed by disasters 0.8711
Scale  parameter =
1.54607x10°

IV. CONCLUSION

In disaster response actions, the survival rate among
affected people depends on the effectiveness of search and
rescue operations and this requires, in turn, a good pre-disaster
planning. Despite availability of annual natural disaster related
data from 1900 to 2011, there is no forecasting tool available
to humanitarian relief organizations to forecast the aggregate
number of people affected, economic losses, number of
natural disasters, and the number of people killed in the
coming years. Using the past time series data, a trend analysis
of the data has been conducted and the best fit curve or
probability distribution has been identified. The estimates of
the parameters of probability distribution are used to calculate
the forecasts. These forecasts are used by the various
international and national humanitarian organizations in
emergency logistics planning. This leads to better coordination
of search and rescue activities and efficient evacuation of
injured people. Furthermore, overall health conditions of
everyone in the affected area depend on the timely availability
of commodities such as food shelter and medicine.

Trend Analysis Plot for Sum of Killed 5 year
Growth Curve Model
Yt = 2591366 * (0.9105**t)
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Fig. 4 Number of people reported killed by natural disasters 1900 — 2011
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