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Abstract
The efficiency of traffic accident management in a city is strongly influenced by the quantity and human resource allocation of traffic police. Enough traffic police and better allocation design may significantly improve the efficiency of accident process efforts. It is the purpose of this study to present how allocation of human resources may increase efficiency in a specific city. From a total of 9,876 accident records collected from Tainan city in 1999, this paper demonstrates a framework and a procedure by using ArcView and Avenue to generate a simulation model to analyze the problem of how to allocate complex resources in this study which proves the capability to both measure and upgrade the efficiency of the system for injured drivers and traffic police.
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1. Introduction
Taiwan started to experience a high incidence of traffic accidents when road transportation began to be dominant and the number of motorized vehicles increased sharply. In Taiwan, research on traffic accident prediction for factors of land use, road geometry, traffic conditions, and so on, have been widely discussed in the past. But the system efficiency of traffic organization for traffic accidents has not been often discussed. In practice, police forces operated by local government handle traffic accidents as only part of their duty. At the same time, there has been little investigation of human resource allocation and system efficiency for traffic accidents. Only the effects of team resource management in air traffic control have been evaluated from incidents and accident reports (Anderson, 2000).

This study analyzes accident data from Tainan city, located in the south of Taiwan. Its population is about 757,000 and it is well known as a cultural city on the island. Tainan city covers 7 cantons. These are east, north, central, south, west, anping and annan. Unlike most cities in Taiwan, an independent organization has been set up to manage and handle traffic accidents in Tainan. This organization is named the accident management team (AMT, in this study). AMT has four groups now and these four groups are located at different local police stations. These four groups are Central group, East group, South group and Annan group. Each group only manages their own area. Figure 1 shows the four AMT group’s locations and their areas. For example, Central group is located at WEST canton and is responsible for three cantons: ANPING, WEST and CENTRAL.
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Figure 1 Responsible cantons of the four AMT groups

Table 1 illustrates the current status of human resource allocation and the loading of the four AMT groups. One unit of human resources means two policemen equipped with one police car. From table 1 we can see that the current human resource allocation is not well balanced. First, on average, East group had to deal with about 2140 accidents a year, but the Central group with only about 930 accidents. Clearly, the load on the East group is much heavier than the other group’s. Second, Annan group has the largest area of responsibility and one unit human resource only, but Central group has the smallest responsible area and three unit human resources. Under such circumstances Annan group will be extremely busy on account of spending much time on driving.
Table 1
Current human resource allocation and loading analysis 

	AMT Group
	Responsible canton
	Resource Number 

(1)
	Responsible Area  (km*km)

(2)
	Accident Number  

(3)
	Annual Average Accident Number of Each Resource (4)=(3)/(1)

	Central
	CENTRAL, WEST, ANPING
	3
	15.95
	2,791
	930

	East
	EAST, NORTH
	2
	20.96
	4,281
	2140

	South
	SOUTH
	1
	25.60
	1,158
	1158

	Annan
	ANNAN
	1
	103.50
	1,646
	1646


When a traffic accident occurs, crashed vehicles on the road may cause traffic congestion. As a result, how to enable the necessary traffic police to get to the accident location as soon as possible is very important. The main duties of AMT include: (1) Collecting and photographing evidence, (2) Interviewing the drivers involved, (3) Writing the accident report, (4) Controlling the traffic and minimizing the impact on other traffic, (5) Calling for assistance in removing the vehicles involved. 

At the same time, people may be injured. However the need for medical assistance and the transporting of injured drivers are excluded for they are handled by the emergency medical service system (EMSS). As a result, the prime task of AMT is to deal with recording evidence and ensuring a smooth traffic flow as soon as possible.

In practice, two factors influence the efficiency of accident management. One is the human resources of traffic police. Enough traffic police may improve rescue efficiency. And better management of the human resource allocation can lower the average of time spent on an accident. The other is the location distribution of police stations. Improper location of the police station may increase the average of time spent because of longer travel times. The location distribution of police stations is not discussed in this paper. But it is an important consideration for future discussion.

Thus, this study seeks to investigate the efficiency of the system of human resource allocation in Tainan city. For practical purposes the efficiency of the system is treated as the average of time-spent for each AMT group on all traffic accidents in the whole system. In a well-organized system this should reach an equilibrium state and AMT groups are not expected to show unbalanced averages of time-spent. Because of the significantly larger average of time-spent by different AMT groups because of system inefficiencies, this means that traffic accidents in that AMT are not as quickly handled by AMT as they might be or that drivers need to wait a long time for situations to be resolved.  Such conditions will increase traffic congestion and ensure drivers suffer additional waiting time. If drivers wait too long, they may even get a bad impression of government efficiency. As a result, it is very important for the government and the public to have the problem of equilibrium of efficiency examined.
2. Literature review
2.1. Traffic Accidents

Traffic accidents at urban intersections place a huge burden on society. (Kononov 2002; Lord et al. 2005) Studies shows that roadway characteristics, such as geometric design, traffic control measures, and traffic demand patterns contribute to about 30% of all traffic accidents, either alone or in combination with human, vehicular or environmental factors. The usual practice in understanding the interaction between geometric and traffic factors in causing accidents are to establish a relationship between accident occurrence and such interactions (Sabey and Taylor 1980; Al-Ghamdi 2003; Khorashadi 2005). Several studies have investigated the relationship and these include the multiple linear regression models, Poisson regression models and negative binomial models (Karlaftis and Tarko1998; Ivan and Wang 2000; Abdel-Aty and Radwan 2000; Hauer 2001; Persaud et al. 2002).

2.2. Resource allocation and system simulation

During the last few years several authors have written on the subject of resource-allocation for various emergency management projects (Ghomi and Ashjari 2002; Beraldi, Bruni, & Conforti 2004; Peleg & Pliskin 2004). However, surprisingly few studies have so far been made of resource allocation or management of traffic accidents, except the paper described as follows.
A simulation model of an emergency service system was presented. It serves as a tool for resource allocation and management. The model was tested to study, evaluate, and optimize the allocation of police patrol vehicles to non-homogeneous zones with different demand patterns in the city of Richmond, Virginia (Zaki et al. 1997). 
Simulation modeling has become one of the most popular tools used for the analysis of complex systems due to its flexibility and its ability to model the time dynamic behavior of systems. Simulation modelling is particularly useful in executing what-if analysis. For example, one may be interested in the effects of increasing or decreasing the number of units of a particular resource or the consequences of encountering large delays in an activity. However, simulation is not without its drawbacks. It is an expensive and time-consuming process that requires verification to make sure that it does what it is intended to do, validation to insure that it represents the real system and sophisticated input and output analysis techniques to interpret the data (Ghomi and Ashjari 2002).
3. The simulation system: model and structure
This section discusses the operation procedure of AMT. In general, if a traffic accident occurs in the region under East group’s responsibility, East group will assign one unit resource to handle the successive work, such as photographing and recording accident evidence, controlling traffic to reduce congestion, and so on. When they complete their tasks, they return to East group and then remain on standby.

Five principal operations are analyzed first and assumptions for model building are presented. Then data analysis and modelling are discussed.

3.1 Principal operations

The simulation system consists of five principal operations described as follows. The five principal operations are illustrated in figure 2. The whole process is outlined as follows:
I. Calling

If a traffic accident occurs, the police dispatching center should be informed first by someone calling 110.

II. Assigning

When the police dispatching center assures where the accident has occurred and which AMT group it belongs to, it will inform the appropriate AMT group. Then the AMT group checks its resource numbers. If the resources are available, the AMT group will assign one unit resource. In practice, the assigning procedure needs only a little time. The time spent on assigning is called assignment delay. In general, an assignment delay is in two parts:

(a)
Delay at the dispatching center: because of time taken up with caller and then informing the corresponding AMT group, this delay is about 20-30 seconds.

(b)
Delay of AMT group: from preparation to start, this delay is about 60 seconds.

III. Traveling to the scene of the accident

The police officers assigned leave the AMT group and follow the shortest path realized by their past experience between the AMT group and their destination to arrive at the accident scene in the shortest possible time.

Ⅳ. Clearing

After arriving at the accident location, the officers need various clear-times to record the related evidence and remove the vehicles involved. Clear-time usually depends on the severity of the accident and such data is not recorded in the past survey table of traffic accidents. We have no definite information on clear-time. Empirical clear-time is estimated by discussing with the traffic police and uniform distribution is used to generate clear-time.

Ⅴ. Returning

That the officers return to the AMT group by the previous shortest path is assumed in this study.
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Figure 2 The five principal operations of the system

In the five operations, calling 110 may be treated as an information flow and time spent is not taken into account. The others may be treated as action flows and they need time to operate. 

Duration time of operation for the four action flows is a stochastic process. Different accident locations cause different path choices. To analyze the system, the process of path choice must be determined for every accident. But process of path choice is hard to pre-determine and it is random in this system. As a result, the system is hard to manage owing to variables of distance, frequency or resource level. As a result, the system simulation method is thought to be a technique well suited for modelling human resource allocation of traffic police in this study. 
3.2. Assumption

To simplify the model’s complexity, the following assumptions are made to prepare the model and to ensure a simple marginal analysis.

(1) Travel time is determined by the corresponding length of road and speed limit.
(2) It is assumed traffic police follow the travel path back to the AMT group. Thus return time is set equal to travel time. Because the 110 dispatching center can’t track the police car on assignment, it is set the traffic police will not be assigned a new task while returning. This means they are only assigned when they come back to their AMT group in this study.
(3) To simplify marginal analysis for resource adding, the cost of allocating resources is not considered in this study.

3.3. Data analysis

In order to model the system reasonably, basic data analysis is very critical. The accident data was downloaded from the database of the Tainan traffic police division. The data we analyzed is from Jan 1 to Dec 31, 1999. There were 9876 accidents that year in total. The main analysis point was the time of occurrence, the location of occurrence and the degree of severity. Figure 3 shows the data analysis structure for this research.
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Figure 3 Data analysis
3.3.1. Time of occurrence

As regards the time of occurrence, the inter-arrival times was modelled. Based on the literatures, the distribution of inter-arrival times generally will be in an exponential form (Karlaftis and Tarko1998; Ivan and Wang 2000; Abdel-Aty and Radwan 2000; Hauer 2001; Persaud et al. 2002). When determining the fitted distribution and parameter of the inter-arrival times, making a goodness-of-fit test is unavoidable to ensure the fitted distribution is accepted (Law and Kelton 1991). Because the frequency of traffic accidents is usually proportional to the traffic volume in the network, two periods, based on the frequency analysis of each hour of the day, are suggested for separate analysis to keep the homogeneity of the data. The results of goodness-of-fit indicate all period data pass the test successfully. This means that the hypothesis of exponential distribution is acceptable. Table 2 shows the results of the estimated parameterβ(mean) for the exponential distribution of the inter-arrival times of accidents. From table 2, the mean inter-arrival times are about 36~46 minutes during the daytime and 65~81 minutes at midnight.
Table 2 
Calibrated parameterβfor the exponential distribution

	Month
	daytime
	midnight

	
	Sample size
	β
	Sample size
	β

	JAN
	659
	42.87
	131
	80.64

	FEB
	556
	44.25
	146
	67.00

	MAR
	629
	44.10
	157
	68.19

	APR
	718
	37.60
	136
	76.33

	MAY
	725
	38.26
	161
	65.55

	JUN
	698
	38.25
	158
	76.49

	JUL
	759
	36.44
	174
	68.86

	AUG
	715
	38.92
	120
	72.38

	SEP
	597
	45.66
	136
	72.72

	OCT
	722
	39.00
	169
	69.24

	NOV
	665
	40.09
	138
	74.27

	DEC
	765
	36.93
	164
	71.47

	MAX
	765
	45.66
	174
	80.64

	MIN
	556
	36.44
	120
	65.55


3.3.2. Location of occurrence

From the aspect of location of occurrence, we divided each canton into several sub-areas and grouped discrete accidents from the same sub-area into a central point, which is an intersection of two roads.
3.3.3. Severity degree

Since the severity degree influences the clear-time significantly, so we calculate the probability of each kind of severity degree. The severity degree of the traffic     accident in Taiwan is classified as A1, A2 and A3. A1 means fatality or severe injury has occurred in an accident; A2 means minor injury; and A3 degree means property damage only accident.
3.4. Modeling

3.4.1. Flow diagram of simulation

In order to simulate this system, ArcView software (A GIS tool) and its program language AVENUE were used to construct the simulation model. The flow diagram of the simulation of the system is illustrated in figure 4. First, the inter-arrival time was generated by the fitted exponential distribution with parameterβ to simulate the next occurrence of an accident. Second, the position of occurrence and the severity degree was randomly determined by the previous probability analysis and the Monte-Carlo method. Third, the model checked the resource numbers of the AMT group. If there were no resources available for assignment, it caused unnecessary waiting time. If available; the AMT group assigned one unit resource to handle the accident. Fourth, ArcView calculated the shortest path in the digital network. Fifth, the model determined the clear-time randomly by use of uniform distribution, which is usually a value based on experience. Finally, the resource unit returned to the AMT group and its return time was set equal to its travel time.
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Figure 4 Flow diagram of simulation
In the simulation program several variables are used to record the system status. These variables include simulation variables, resource variables and system variables. Simulation variables were used to react to the operation of the system. Resource variables were the control factor for various alternatives. System variables were used to measure and record the efficiency of the system. Wait-time and response-time are the two key measures of efficiency in the system. Model variables of the system are listed in table 3.
Table 3 
Model variables

	
	Variable name
	Purpose

	Simulation variable
	Assignment delay
	Generating and recording assignment delay 

	
	Inter-arrival time
	Next event time = time now + Inter-arrival time

	
	Accident position
	Generating next position ID by cumulative probability and the Monte-Carlo method.

	
	Accident severity degree
	Generating severity degree of next accident by cumulative probability and the Monte-Carlo method.

	
	Clear-time
	Generating and recording clear-time for different severity degrees by uniform distribution.

	
	Travel time
	Recording the shortest travel time calculated from ArcView module.

	Resource variable
	Resource numbers 
	Recording the resource numbers of each AMT group.

	System variable
	Wait-time
	Recording the wait-time for each accident

	
	Response-time
	Recording the total time from assignment to arriving at the accident location. 

Response-time= assignment delay + wait-time + travel time 


3.4.2. Generating of simulation variables

(1) Assignment delay

The Assignment delay is generated by the uniform distribution in the simulation model in which the method of inverse function is used. The accumulative probability function F(x) of uniform distribution is shown in equation 3-1. As a result, the assignment delay may be generated randomly by equation 3-2 for a random number 
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≦1). In this model, the lower limit and upper limit of the assignment delay are set equal to 0.5 and 1.5 minutes. 
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(2) Inter-arrival times

The accumulative probability function F(x) of exponential distribution is shown as equation 4-3. If the mean of Inter-arrival times is β, the return value x can be calculated from equation 3-3 to 3-5 for a random number 
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≦1). So, the Inter-arrival times may be generated by equation 4-6.
F(x) = 1-
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x= (-42.87) * ln(1-
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(3) Accident location

Monte-Carlo simulation method is used here because where the next accident location will be, is also a stochastic event. The Monte-Carlo method uses a random number to actually describe the stochastic process.  Theoretically, assume the probability function of a random number x is P(t) and  t≧0. The accumulative probability function F(x) then can be formulated as equation 3-7.

F(x)=
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, 0≦F(x)≦1，x≧0                                   (3-7)

In this section, the frequency of accident for every AMT group can be determined easily and then transferred to an accumulative probability function A(i),  i=1,2,3,4. As a result, by considering the random number 
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≦1) and accumulative probability function A(i) in equation 3-8, the next accident location can be generated randomly and it is in the ith AMT group. Following the same concept, a more detailed accident location can be generated further by this random process.

A(i-1)< 
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 ≦A(i), i=1,2,3,4                                        (3-8)
(4) Accident severity degree

The probability function of severity for A1, A2 and A3 is calculated first and then the accumulative probability function S(i), i=1,2,3 is determined, too. By applying the Monte-Carlo method, by considering the random number 
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≦1) and accumulative probability function S(i) in equation 3-9, the severity degree i of the next accident can be generated randomly.

S(i-1)< [image: image30.wmf]u

 ≦S(i), i=1,2,3                                          (3-9)
(5) Clear-time

Just like the assignment delay, equations 3-10, 3-11 and 3-12 show the formulation of clear-time for A1, A2 and A3 in the simulation model. 

clear-time (A1) = 50+(70-50)* 
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clear-time (A2) = 30+(50-30)* 
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clear-time (A3) = 20+(40-20)* 
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(6) Travel time and return time

Estimating the travel time for each accident is a hard task because any resistance in the travel path is hard to anticipate. In this study, the shortest path means the shortest time to travel. Path length and travel speed are considered to indicate the shortest path in the network by the ArcView function for every traffic accident. Figure 5 displays the network of this study in ArcView.
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Figure 5 Simulation network
4. Simulation experiments and results
4.1. Model verification
It is important to verify and validate our constructed simulation model to examine the model’s accuracy. By tracing the simulation process, it is clear and evident that model is indeed accurate.

4.2. Result of current allocation

This section will represent the synthetic output of wait-time and response-time of the simulation system under the current system of human resource allocation. Since each month’s data show no great difference, this study only simulates January and September. The simulation run time is set equal to 31 days, that is, 44640 minutes.

First, the average travel time for each group was collected and summarized. In order to arrive at the accident location within 5 minutes, Central group was able to achieve 82.59 percent but Annan only 25.57 percent. Such results mean most tasks in Annan group need longer travel and return times because of Annan’s wider area of operation. Typically, longer travel and return times may increase the wait-time and decrease the availability of resources. As a result, the resources of Annan group are usually overstretched and accidents occurring in Annan canton will often remain unattended for a much longer time. Second, the percentage of response-time in January and September for each AMT group is shown in table 4. For response-times within 10 minutes, Central and South group have 91.84 percent at least but Annan group only achieved 51.14 percent. On average the police responded to at least 85.8 percent of all traffic accidents within 20 minutes under the current system. The police also responded to 88.73 percent of all traffic accidents within 30 minutes under the current system. Comparing such a value with 89.54% of the ambulances can arrive and serve the needs within 8 minutes in Tainan, the AMT groups arrive to serve an accident is relatively slower.
Table 4 
Percentage of response-time

	Allocation
	
	AMT group
	0-10
minutes
	10-20

minutes
	20-30

minutes
	30-40

minutes
	40-50

minutes
	Above 50

minutes

	Current
	JAN
	Central
	98.89
	1.11
	0.00
	0.00
	0.00
	0.00

	
	
	East
	68.59
	25.36
	1.73
	3.17
	0.86
	0.29

	
	
	South
	95.24
	2.38
	1.19
	1.19
	0.00
	0.00

	
	
	Annan
	51.14
	34.66
	3.41
	1.14
	2.84
	6.82

	
	SEP
	Central
	98.52
	1.48
	0.00
	0.00
	0.00
	0.00

	
	
	East
	63.82
	27.39
	4.77
	1.51
	0.25
	2.26

	
	
	South
	91.84
	2.04
	0.00
	2.04
	2.04
	2.04

	
	
	Annan
	54.93
	31.69
	2.11
	3.52
	2.11
	5.63

	I
	JAN
	Central
	96.67
	2.59
	0.74
	0.00
	0.00
	0.00

	
	
	East
	68.59
	25.36
	1.73
	3.17
	0.86
	0.29

	
	
	South
	95.24
	2.38
	1.19
	1.19
	0.00
	0.00

	
	
	Annan
	61.93
	37.50
	0.57
	0.00
	0.00
	0.00

	
	SEP
	Central
	97.04
	2.46
	0.49
	0.00
	0.00
	0.00

	
	
	East
	63.82
	27.39
	4.77
	1.51
	0.25
	2.26

	
	
	South
	91.84
	2.04
	0.00
	2.04
	2.04
	2.04

	
	
	Annan
	63.83
	35.46
	0.71
	0.00
	0.00
	0.00

	II
	JAN
	Central
	96.67
	2.59
	0.74
	0.00
	0.00
	0.00

	
	
	East
	73.49
	25.94
	0.29
	0.29
	0.00
	0.00

	
	
	South
	95.24
	2.38
	1.19
	1.19
	0.00
	0.00

	
	
	Annan
	51.14
	34.66
	3.41
	1.14
	2.84
	6.82

	
	SEP
	Central
	97.04
	2.46
	0.49
	0.00
	0.00
	0.00

	
	
	East
	71.11
	27.64
	0.50
	0.25
	0.50
	0.00

	
	
	South
	91.84
	2.04
	0.00
	2.04
	2.04
	2.04

	
	
	Annan
	54.93
	31.69
	2.11
	3.52
	2.11
	5.63

	III
	JAN
	Central
	98.89
	1.11
	0.00
	0.00
	0.00
	0.00

	
	
	East
	73.49
	25.94
	0.29
	0.29
	0.00
	0.00

	
	
	South
	97.62
	2.38
	0.00
	0.00
	0.00
	0.00

	
	
	Annan
	61.93
	37.50
	0.57
	0.00
	0.00
	0.00

	
	SEP
	Central
	98.52
	1.48
	0.00
	0.00
	0.00
	0.00

	
	
	East
	71.11
	27.64
	0.50
	0.25
	0.50
	0.00

	
	
	South
	96.94
	2.04
	0.00
	1.02
	0.00
	0.00

	
	
	Annan
	63.83
	35.46
	0.71
	0.00
	0.00
	0.00


Table 5 compares the percentages of waiting conditions. The percentage of waiting conditions is computed by equation 4-1. No waiting conditions occur in the Central group. The percentage of waiting conditions of Annan group is about 15 percent. It is clear that the higher percentage of waiting conditions is caused by the longer travel times mentioned above. At the same time, such unbalance of rescue time means current human resource allocation should be adjusted to balance the wait-time and waiting conditions in the Annan group and to balance the response-time for all groups.

The percentage of waiting conditions of group A = WC(A)/TSA(A)*100         (4-1)

WC(A) : waiting conditions in group A

TSA(A) : total of simulated accidents in the cantons of group A
Table 5 
Comparisons of percentage of waiting condition

	Month
	Alternative
	Central
	East
	South
	Annan

	JAN
	Current
	0.00
	7.18
	3.50
	15.82

	
	I
	2.95
	7.18
	3.50
	0.01

	
	II
	2.95
	0.00
	3.50
	15.82

	
	III
	0.00
	0.00
	0.00
	0.007

	SEP
	Current
	0.00
	13.03
	10.10
	14.69

	
	I
	1.96
	13.03
	10.10
	1.40

	
	II
	1.96
	2.76
	10.10
	14.69

	
	III
	0.00
	2.76
	1.01
	1.40


4.3. Alternative design

With considerations of feasibility in mind, this study does not adjust or change the region under the responsibility of each AMT group. Since the current human resource allocation is not balanced, designing new alternatives for human resource allocation in order to improve system efficiency, especially for response-time, is necessary. This study offers three alternatives and details are illustrated as in table 6. 
Table 6 
Alternative designs

	             AMT group

Resource number 

(adjusted)

Alternative 
	Central group
	East 

group
	South group
	Annan group
	Total resource

Number



	Current
	3
	2
	1
	1
	7

	Alternative I
	2(-1)
	2(0)
	1(0)
	2(+1)
	7

	Alternative II
	2(-1)
	3(+1)
	1(0)
	1(0)
	7

	Alternative III
	3(0)
	3(+1)
	2(+1)
	2(+1)
	10


Alternatives I and II adjust the allocation without changing the total resource numbers. In alternative III, one resource is added to each group except Central, so total resource numbers are increased to 10. 
4.4. Result of alternatives

The simulation results of new alternatives are shown in tables 4 and 5. It is very important in the simulation process that the simulation environment must be fixed for current and new alternatives. This means that all simulation variables (random numbers) generated by fitted distributions in this model, including the assignment delay, inter-arrival time, accident position, accident severity degree, clear-time and travel time, must be generated in the same seed to get the same random stream. The purpose of seed control is to compare alternatives under the same simulation environment.

In alternative I, one resource is transferred from Central group to Annan group, with the percentage of wait conditions of Central group only increasing 2-3 percent but that of Annan group decreasing 13-15 percent. At the same time, the percentage of response-times within 10 minutes of Central group only drops 1-2 percent, but that of Annan raises 7-10 percent. In alternative II, one resource was transferred from Central group to East group, the percentage of wait conditions of East group decreasing 7-11 percent almost to zero. The percentage of response-times within 10 minutes of East group raises 5-7 percent. Comparing the change in result using different system variables, it is clear that alternative I achieve a higher level of efficiency in regard to the percentage of wait conditions and response-times within 10 minutes if the total resource numbers do not vary.

In alternative III, one resource was added to every group except Central group (see table 5).  In table 6, the percentage of wait conditions of AMT groups almost falls to zero (this means waiting conditions are reduced to near zero) because resources are sufficient.

Table 4 also indicates that adjusting the resource numbers cannot decrease the response-time effectively. The method of adjusting the resource numbers may reduce the waiting conditions significantly but it can’t greatly reduce the response-time because the locations of AMT groups are not adjusted.

At the same time, the marginal efficiency of adding one resource may be observed in table 7. For East group, there is a rise of about 5-7 percent in the marginal efficiency of response-times within 10 minutes. For Annan group however, there is a rise of about 9-11 percent. Again, for East group, there is a rise of about 5.5-7.5 percent in the marginal efficiency of response-times within 20 minutes. For Annan group, there is a rise of about 12.6-13.6 percent. Finally, for East group, there is a fall of about 7-10 percent in the marginal efficiency of waiting conditions. For Annan group, there is a fall of about 13-16 percent. These results indicate adding resources to Annan group would be the first priority if resources were to be added.
Table 7
Analysis of marginal efficiency 

	Marginal efficiency
	Month
	Central
	East
	South
	Annan

	Percentage of response-times within 10 minutes
	JAN
	0
	4.90
	2.38
	10.79

	
	SEP
	0
	7.29
	5.10
	8.90

	Percentage of response-times within 20 minutes
	JAN
	0
	5.48
	2.38
	13.63

	
	SEP
	0
	7.54
	5.10
	12.67

	Percentage of waiting conditions
	JAN
	0
	7.18
	3.50
	15.81

	
	SEP
	0
	10.27
	9.09
	13.29


5. Summary and future research
Human resource allocation for traffic accidents is a specific topic and has not been studied in Taiwan before. This study discusses the human resource allocation problem of accident management and demonstrates a simulation model offering a framework to solve this kind of problem. Results show that the simulation method is practical and that the model can serve as a useful tool to compare the efficiency of alternatives.

For Tainan city, this study suggests that alternative I is the best resource allocation if the total resource numbers are not increased. In fact, strategies to improve overall system efficiency depend strongly on availability of the human resources of the traffic police. In the real world, resource means cost. Adding one unit resource into the system means extra costs are incurred. As a result, if system is under a strict budget, alternative I is the best choice to improve the rescue efficiency of current system. However, if the system is not limited and the budget is sufficient, EAST group would have the first priority of resource support because of its higher marginal efficiency and direct improvement.

However, simulation results also indicate an important problem. It is that despite system wait conditions being reduced significantly, at the same time, the system response-time was not reduced by adjusting the human resource numbers. As a result, using this model to examine the problem of adjusting the location of AMT groups shows a significant direction for further research.

The location distribution of the police station is not discussed in this study. If given insufficient consideration, the seting of police stations may increase the average of time spent because of the longer travel path. As a result, the location distribution of police stations should be considered as a topic of future research.

System concepts are important for large and complex problems. Although the model has only scratched the surface, this study points out the directions for future research in resource allocation for traffic accidents. The framework of the model can be applied to other cities also.
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