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Emergency resources allocation is essential to the emergency rescue effectiveness, and it has become a research focus for emergency
rescue. This paper proposes a multiresource dynamic allocation model of emergency rescues and corresponding solving method.
The object of the proposed model is to maximize the overall emergency rescue effectiveness of allocated resources and minimize
the allocating costs of resources. The model considers the dynamic nature that the casualties of trapped victims change over time.
At last, a numerical example is presented to test the model and its algorithm.

1. Introduction

Emergency resources allocation is the material foundation
of the emergency rescue supplies and can greatly improve
the supply efficiency of the emergency resources. In this
paper, the emergency resources allocation studies primarily
aim at facing the multihazard disaster threat during the
emergency regional preparedness. A multistage resources
allocation optimization model is formulated which is more
dynamic based on the temporal and spatial variation features
of the emergency demand.

Alsalloum and Rand studied the minimum quantity and
the location optimization of the emergency relief ambulance,
showing how to choose the right location for the ambulance
to maximize the expected demand coverage while mini-
mizing the number of vehicles with the goal programming
method. Rajagopalan et al. proposed a model to meet the
dynamic demands of the ambulance during a certain period
of time [1, 2]. Yi and Özdamar came up with an integrated
location distributionmodel for coordinating logistics support
and evacuation operations in disaster response activities,
which is an LRP problem [3]. Chang et al. formulated the
flood emergency logistics problem with uncertainty as two
stochastic programmingmodels, the grouping and classifying
model and the location-allocation model, which allow the
determination of a rescue resource distribution system for
urban flood disasters [4]. Rajagopalan et al. formulated

the dynamic available coverage location (DACL) model to
determine the minimum number of ambulances and their
locations for each time cluster in which significant changes in
demand pattern occur while meeting coverage requirements
with a predetermined reliability and used the tabu search
algorithm to obtain its globally optimal solutions [2]. In order
to strengthen natural disaster prevention mechanism, Rawls
and Turnquist developed an emergency response planning
tool to obtain the emergency preparedness resources loca-
tions and inventory levels under uncertain situation [5]. Mete
and Zabinsky proposed a stochastic optimization approach
for the storage and distribution problem of medical supplies
to be used for disaster management under a wide variety of
possible disaster types and magnitudes [6].

2. Multiresource Dynamic Allocation
Model for Emergency Rescue

The rationality of rescue resource allocation directly affects
the effectiveness of rescue. Strategic decision of rescue
resource allocation is influenced by the variety, scale, cost,
and various factors. Overladen resource reserve would cause
massive waste of money and resource, while too little reserve
would seriously reduce rescue effectiveness.

2.1. Problem Description. The rescue resource allocation dis-
cussed in this paper is about dealing with the allocation for
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frequent disasters in regular resource spot. Since the threat
come from disasters, the rescue demand and resources char-
acteristics are dynamically changeable, the rescue resource
allocation should also be dynamically changeable along
with the situation of the disaster. Furthermore, given that
frequent disasters happen with strong regular patterns, the
rescue demands in different periods of disaster can be
estimated according to historic disaster records; thus, the
rescue resource could also be rationally allocated. Scientific
rescue resource allocation should be based on the following
considerations.

(1) The importance of resource.The importance of rescue
resource refers to the utility of resource in rescue [7].
It is mainly reflected in the replacement of resource
and the effect on rescue. Hereinafter, the fungible
resources are seen as the same to simplify the problem
without affecting resource allocation. So the extent
that resource has effect on disasters is used to reflect
the importance of resource. To reflect the importance
of various types of resources more directly, we could
hereby quantify the extent of effect on disasters
brought by every types of resources, and then the
importance of resources could be represented by a
range of figures, for example 1–10 grades.

(2) The timeliness of resource. The rescue resource is
valuable only when it is delivered to the demanders
[8]. The amount of survivors reduces with the loss of
time, and the quantity of resources which could have
effect in rescue also decreases. When the arrival of
rescue resource has exceeded the time limit of rescue
resource, the arrival of resources is meaningless.

(3) The scarcity degree of resource. Resource scarcity
degree is the degree of difficulty of collect or purchase.
Rare resources, especially in emergent need, should
be stored; otherwise, when needed, collecting the
necessary resourceswould take toomuch time tomiss
the best rescue time and cause serious casualties. For
the resources which could be easily purchased and
collected, the storage should be rationally reduced
to save storage cost without causing bad effects on
rescue.

(4) The cost of resource. The purpose of rescue resource
storage is for emergency, but the cost should not
be ignored. The scale of rescue resource is usually
massive, and the investment from the government
is also numerous. By allocating the scale of resource
storage reasonably to reduce the cost of purchasing
and storage would highly ease the fiscal tension of
local rescue department.

2.2. Model Formulation. For easily describing and under-
standing themodel, themodel construction should satisfy the
3 premise assumptions as the following.

(1) Because of the strong discipline of frequent disasters,
we assume that the type, range, and degree of possible

disasters and the expected value of types and quan-
tity of resources in different periods from different
demanding spots are expectable.

(2) Resource spots and demanding spots are all con-
nected, with time of arrival known between every two
spots.

(3) Each resource spot delivers each type of resource to
every demanding spot at most.

Multiresource dynamic allocation model for emergency
rescues is a multigoal optimization model with two goals,
maximizing rescue effectiveness and minimizing allocating
cost.

(1) Maximum of rescue effectiveness. The purpose of
rescue resource allocation is to deal with emergencies,
so the maximum of rescue effectiveness is the first
goal and the maximum of the importance of all
the resources could reflect this goal. On the other
hand, according to the dynamic change of the threat
of the disasters, the rescue period could be divided
into several time intervals, and the model seeks the
maximum of rescue resource effectiveness during the
whole projection period. The so-called “maximum of
rescue resource effectiveness” here concerns not only
the effectiveness of the resource allocation, but also
the maximum of the whole rescue project with the
consideration of the whole rescue demands.

The effectiveness of rescue resource has important rela-
tionship with the scarcity degree of resource. The timeliness
of resource is reflected by the amount of resources which
is still of value with the loss of time and also matters the
casualties of the victims. The scarcity degree of resource
could be seen as the length of time needed for preparation.
The resource with higher scarcity need longer time to be
transfered and be produced from other place. So the time
for preparation could be used to represent the degree of
scarcity of resource. The so-called “time for preparation”
means the time needed for the arrival of rescue resource at
the demanding spot after disaster happens. The first goal of
the model is as the following:
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In (1), 𝑖 represents the number of resource spot; 𝑗 rep-
resents the number of demand resource spot; 𝑘 represents
the number of response time; 𝑙 represents the number of
resources type; 𝑢

𝑙
represents the utility value of 𝑙 type

resources per unit; 𝑥
𝑖𝑗𝑘𝑙

is the amount of 𝑙 type resources
delivered frompoint 𝑖 to point 𝑗 during the time period 𝑘; 𝑑

𝑗𝑘𝑙

represents the demand resources of 𝑙 type that point 𝑗 needed
during the time period 𝑘; 𝑡

𝑖𝑗
is the transfer time frompoint 𝑖 to
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Table 1: Conditions of the threat of disasters that each region faced
at all stages.

Analytical stages I II III
Types of disasters A B C D

Demand spots 1 0.7 0.5 0.7 0.4
Disasters 2 0.5 0.8 0.3 0.8
Occurrence 3 0.2 0.7 0.8 0.6
Probability 4 0.8 0.2 0.2 0.6

point 𝑗; 𝑡rep𝑗 is the preparation time of 𝑗 type rescue resources;
the rescue time-effect function of the 𝑙 type resources needed
by demand spot 𝑗 at moment 𝑡 in period 𝑘 is given by 𝑓

𝑗𝑘𝑙
(𝑡).

Through (1), we can find that the section before the
plus sign is the emergency rescue utility value of allocated
resources, while the section after the plus sign is the emer-
gency rescue utility value of unallocated resources which
need temporary preparation. This objective can reflect the
total effectiveness of the whole emergency resources alloca-
tion proposal in the planning period.

(2) The lowest-cost allocation of resources. The cost of
emergency response resources are divided into three
parts: purchasing cost, inventory cost, and oppor-
tunity loss cost, 𝑐

𝑎𝑙
and 𝑐

𝑏𝑙
, respectively, represent

purchase cost and inventory cost. Opportunity loss
cost is due to a shortage of resources in disasters,
which results in that resources which purchase cost
will be higher than usual. Temporarily purchasing the
unreserved emergency resources will cause a certain
loss. Consequently, it will increase the cost of the
emergency rescue work, which is the focus of this
study. We use 𝑜

𝑝𝑖
to represent the unit opportu-

nity loss cost of the 𝑙 type resources. Besides, most
resource spots have a certain economic functions,
so if a certain disaster did not happen that the
corresponding resources can be sold to reduce the
cost of the resources allocation. Assume that the
sale of a resource per unit will earn 𝑝

𝑟𝑙
profit and

the possibility of the 𝑞 type disaster happening on
demand spot 𝑗 during period 𝑘 is 𝛼

𝑗𝑘𝑞
. We use 𝑁

𝑗𝑘1

to represent the demand of the 𝑙 type resources of the
point 𝑗during the period 𝑘.Theobjective of the lowest
total cost of the allocation resources is given as the
following:
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The temporary emergency resources location model for-
mulated should satisfy the following constraints.

(1) The total amount of available stored resources at
different stages allocated cannot exceed its reserve
capacity. Here is the mathematical expression of the
following constraint equation (3), 𝑁

𝑖𝑘
is the reserve

capacity of the resource spot 𝑖:
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(2) The total resources that supply all kinds of resources
spot cannot exceed the actual total demand. It is given
by (4):
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(3) The amount of the resources allocated to each
resources spot should be a positive number, as shown
in (5):

𝑥
𝑖𝑗𝑘1
∈ {0, 𝑅

+
} . (5)

The proposed dynamic emergency rescues allocation
model is a typical multiobjective programming model. Sim-
ilar to above-mentioned optimization location model, the
requirements of both objectives should be considered in
an integrative way. The model is solved by the ideal point
method (IPM) in order to achieve a noninferior solution
with the result of each subobjective close to the optimum
value. The result derived from this method can be further
improved by utilizing the idea of the unit cost utility method,
as demonstrated in (6):

Obj∗∗ max
𝑓
1

𝑓
2

. (6)

The details of the solving steps are as follows.

Step 1. Solve the model composed of (1) and (3)–(5) for an
optimized value (here we go for the minimum value with a
negated object), denoted as 𝑓∗

1
, go to Step 2.

Step 2. Solve themodel composed of (2)–(5) except (1) for an
optimized value, denoted as 𝑓∗

2
, go to Step 3.

Step 3. Solve the model composed of (7), (3)–(5) for an
optimized value, denoted as 𝑓∗

3
, go to Step 4,
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Step 4. Construct the objective function and constrains, as
illustrated in (8) and (9), (8) is set as the objective for
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Table 2: Quantities of the demand of resources that different demand spots respond to various types of disasters.

Types of disasters A B C D
Types of resources 1 2 3 4 5 6

Effectiveness of resource units 5 8 6 5 9 7

All types of resources required
for demand spots (m3)

1 1500 2000 1200 1200 1200 800
2 1200 1500 2500 500 400 2400
3 600 800 2400 2000 1800 1800
4 2000 2500 500 300 300 1800

Table 3: Scales of resources spots.

Resources spots 1 2 3
Scales (m3) 5000 5000 6000

Table 4: Shortest time of transportation between resource and
demand spots (h).

Demand spots Resources spots
1 2 3

1 35 25 20
2 30 50 28
3 45 30 56
4 30 40 30

Table 5: Time of preparation that each demand spot needs all types
of emergency resources (h).

Resources Demand spots
1 2 3 4

1 35 35 40 40
2 48 48 48 48
3 30 25 36 30
4 40 20 20 50
5 30 30 40 50
6 40 25 20 30

Table 6: Cost associated with all types of resources.

Resource 1 2 3 4 5 6
𝑐
𝑎𝑖
(¥/m3) 200 120 240 160 160 100

𝑐
𝑏𝑖
(¥/m3) 10 8 10 8 10 8

𝑝
𝑟𝑙
(¥/m3) 160 100 200 20 40 80

𝑜
𝑝𝑙
(¥/m3) 30 0 40 30 40 0

optimization and (2)–(5) and (9) are used as constrains, the
resulting solution is the optimized solution:

Obj max𝑓
4
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(8)
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1
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∗

3
. (9)

Solutions are carried out by the software LINGO.

Table 7: Algorithm solution obtained from ideal point effectiveness
of unit cost method (m3).

Analytical stages Resources Resource spots
1 2 3

I 1 0 600 1500
2 1963 800 4037

II
3 0 2181 1200
4 167 0 1333
5 169 1800 1331

III 6 681 1800 4319

Table 8: Solutions obtained by ideal points (m3).

Analytical stages Resources Resource spots
1 2 3

I 1 2128 600 2500
2 2500 800 3500

II
3 0 2400 1200
4 159 0 1341
5 158 1800 1342

III 6 900 1800 4100

3. Experimental Result

We proposed a numerical example to verify the emergency
rescue resource allocation model. Assume that there are four
demand spots in the analytical region, and the conditions
of the region threatened by the disaster on average per year
can be roughly divided into three stages during the planning
period. The types of disasters and the quantities and types
of required emergency resources in each stage are shown in
Tables 1 and 2, respectively. There are three fixed resource
spots in the region, and the scale of each resource spot is
shown in Table 3. The time of transportation between each
resource and demand spot is shown in Table 4, and the
preparation time of all types of emergency resources each
demand spot needs is show in Table 5. The cost of purchase
and maintenance of all kinds of resources and the income of
resources sale are shown in Table 6, the total investment of
the allocation of resources does not exceed of ¥3.5 million.
The functions of emergency timeliness of corresponding
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Table 9: Solutions obtained by the maximum effectiveness of single target.

Analytical stages Resources Resource spots
1 2 3

I 1 2200 600 2500
2 2500 800 3500

II
3 0 2400 1200
4 0 0 1500
5 0 1800 1500

III 6 0 1800 5000

Table 10: Comparison of indicators related to algorithm solution obtained from three methods.

Solutions
Indicators

Emergency effectiveness
(the first target)

Total cost of configuration
(million ¥)

Cost effectiveness of
configuration

Ideal point effectiveness of
unit cost 173719 325 536

Deal point 173719 368 472
The maximum effectiveness
of single target 174877 371 472

resources about different demand spots respond to various
types of disasters are as the following:
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The optimized solution based on the algorithm is shown
inTable 7.The solution of Step 4without the algorithmabove,
namely, only use of the ideal point is shown in Table 8.
Regardless of cost, that is, remove the second objective to
obtain the solution which is shown in Table 9. The compari-
son of indicators related to algorithm solution obtained from
three methods is shown in Table 10.

From Table 10, it can be seen that IPM may take the
first and second objectives into account to some extent. The
total value of effectiveness of IPM declines compared with
the model which only considers the first objective, while the
configuration costs are reduced, the effect is not obvious.

The cost and the emergency effectiveness are only reduced
by 0.8% and 0.7%, respectively, but by the proposed algo-
rithm, the cost of resources allocation is reduced by 12.4%
under the condition that the emergency effectiveness only is

reduced by 0.7%. The quality of the optimization is greatly
improved.

4. Conclusions

Based on the actual demand of the emergency rescue
resources allocation, this paper proposes multiemergency
rescue dynamic allocation model. The model considers the
dynamic nature that the casualties of trapped victims change
over time. The model for the allocation of rescue resources
aims at maximizing the overall emergency rescue effective-
ness of rescue proposal of the allocated and the unallocated
resources at each stage during the planning period, and it
also allows for the cost of allocation resources. Considering
the purchasing cost, inventory cost, and opportunity loss
cost during the cost objectives construction, we propose the
method that combines ideal point method and unit cost
utility method to solve the allocation model by utilizing the
LINGO software. At the end of this paper, we design the
numerical example to test the model and its algorithm.
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