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Abstract 

Establishing a rational Hierarchical Medical System is conducive to form scientific and 

ordered healthcare market, the system can improve the efficiency of medical resources’ 

allocation and the ratio of the health insurance’s utilization, and also reduce the burden of 

medical treatment on patients. This study improved the two-step’s two-step floating catchment 

area method (two-step 2SFCA) by taking advantage of the distance decay model, and 

according to the relationship between spatial locations, the search radius of each points was 

determined, hence the disadvantage of the same accessibility in the same catchment area was 

compensated. By utilizing the huff model, the probability of hospital selection was calculated, 

and the spatial accessibility of medical facilities was more accurately evaluated. Comparing the 

accessibility between the General Medical System and the Hierarchical Medical System, results 

show that (1) Hierarchical Medical System can effectively improve the accessibility of medical 

facilities. (2) The referral process needs to be strictly controlled. (3) The improved method can 

describe the differences in the distribution of medical resources more objectively and detailed 

between regions, hence facilitating the analysis of allocation and optimization of medical 

resource. 
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1. Introduction 

It is a long-time problem in Chinese healthcare industry that seeing doctor is difficult and expensive. 

About 80% of the high-quality medical resources in a city are concentrated on large comprehensive 
hospitals, and medical services failed to assign to the Primary Health Care [1], those reasons above 

lead to the difficulty of seeing doctors. Besides, lots of patients with common disease go to Tertiary 

Hospital, it is not only a wasting of high-quality medical resources, but also a difficulty for those 

patients with severe diseases to get treatment, hence finding a rational method to guide patients is one 

of the most important ways to mitigate the problem. Generally speaking, the establishment of clinics 

grading system is beneficial for constructing a scientific and ordered healthcare market, also 

improving the allocation of medical resources, so the Hierarchical Medical System is regarded as a 

crucial tool to facilitate the reformation of healthcare market and effective way to mitigate the 

"difficult and expensive to see doctors" problem. The instruction of the 13th Five-Year plan 

published by General Office of the State Council announced that the goal about constructing 
Hierarchical Medical System is "Gradually improving in the next two years, and becoming mature 

within five years” [2]. At the same time, all the major medical facilities should update their standard 

of assessment. By setting rational referral rate, strengthen relationship between referral and medical 

insurance, ultimately guide more patients with common diseases go to Primary Health Care, optimize 

allocation of medical resources. At present, Hierarchical Medical System has been implemented in 

many cities. The basic thought is "First visit at the Primary Health Care, then transfer to the Tertiary 

Hospital according to severity of diseases." Hierarchical Medical System regulates the first treatment 

must be done at the Primary Health Care, and then transfer to Tertiary Hospital, according to the strict 

procedure. 
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There are many researches about Hierarchical Medical System from theoretical analysis and 

technical support. The theoretical analysis includes two parts: qualitative analysis and quantitative 

analysis. The researches of qualitative analysis mainly focus on the mechanism of Hierarchical 

Medical System. The quantitative analysis focus on the factors of the referral behavior from views of 

the patient and the doctor [3][4][5]、the construction of the evaluation system [6][7]. The technical 

support is the construction of electronic platform and informatization [8]. This study bases on the 

convenience of resources acquisition, evaluates accessibility of medical facilities under the 

Hierarchical Medical System. Through that, the supply and demand of medical resources can be 

objectively analyzed.  

Accessibility to health care often refers to spatial accessibility and is concerned with the complex 
relationship between the spatial location of the population and the supply of health care facilities. 

Accessibility to medical facilities is recognized as an important facilitator of overall population health. 

From the perspective of space, accessibility evaluates whether the supply of medical resources is 

sufficient and rational. There are two focuses of accessibility researches: cost, supply and demand. 

Early research study, such as the nearest distance method, from the view of cost like travel time, 

distance, money and other costs. However, this method ignores the supply and service ability of 

medical facilities, can’t reflect the scale and difference of medical service. Several studies since then 

have attempted to compensate the shortcomings. Some add the ratio of supply and demand to reflect 

the level of medical service. The common methods include ratio, gravity model[10] and two-step 
floating catchment area method [11,12]. The ratio method and gravity model focus on the 

resources-to-population ratio,ignore the competition for limited resources due to the sharing of the 

same medical service among the different residents, also the service radius isn’t various. The early 

two-step floating catchment area method was proposed by Radke and Mu[14]. The method considers 

the potential interaction of supply and demand. In the first step, takes each medical facilities location 

as the research center, all population locations within a travel time or distance are searched for and the 

medical facilities-to-population ratio is calculated. In Second step, takes each population location as 

the research center, all medical facilities locations are searched for within the travel time or distance 

and their respective medical facilities-to-population ratios calculated in the first step are summed up. 

The shortcoming of competition for limited resources in gravity model is considered, but the same 

search domain still shares the same weight of distance decay[15]. Many recent‘improvements’ to the 
original 2SFCA method have been developed, which generally either account for distance-decay 

within a catchment or enable the usage of variable catchment sizes[16][17]. 

Most studies of accessibility measure are once-visit from population locations to the medical facilities 

location. Few studies discuss the whole process including the referral process. The treatment under 
the Hierarchical Medical System is different from the existing medical system. According to the 

Hierarchical Medical System, patient's first treatment must be done at the Primary Health Care, and 

then transfer to Tertiary Hospital, according to referral procedures and the severity of patients’illness. 

Zhong[18] has proposed two-step 2SFCA method. Divided the treatment into two phases, and 

calculate the actual patients’ number through different referral ratio, then sum up the accessibility of 

two phases. However, the study ignores the distance decay and patient preference. Zhang[19] 

measured the accessibility of medical treatment in Xi'an under the Hierarchical Medical System, 

provided theoretical support for the traffic construction under the new system. But the research lacks 

deeper discussion, only considers travel costs. Nowadays, Medical Reform pays more attention to 

patients, whose choice of hospitals or doctors directly affects the utilization of medical resource and 

further affect the balance of supply and demand. So it is important to consider patients’ trait. Building 
on previous research, this paper presents an enhancement to the two-step 2SFCA method by applying 

distance decay, in both the first step and the second step, also accounting for and patients’ preference. 

2. Research Method. 

The accessibility is measured under both General Medical System and Hierarchical Medical System 

by enhanced two-step 2SFCA. Under General Medical System, patients are easily attracted by 
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doctors’ clinical experience and the abundant medicine hospitals provide.so we suppose that it is the 

first choice for patients to go to Tertiary Hospitals for treatment. Under the Hierarchical Medical 

System, It can be divided into two phases. Phase one: Finish treatment at Primary Health Care . Phase 

two: Refer to Tertiary Hospitals, receive treatment in both Primary Health Care and Tertiary Hospital. 

2.1 Under the General Medical System.  

Patients choose the Tertiary Hospital they preferred for treatment within the catchment area. 
ipP represents the possibility of population（ i ）choose Tertiary Hospital（ p ）, can be calculated by 

Huff model:  
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Where ipd is the distance between the population（ i ）and the Tertiary Hospital （ p ）; itd is the 

distance between the population（ i ）and the t th Tertiary Hospital. id is the average value of the 

distance between population（ i ）and all the hospital that can get, It shows the average travel 

capacity of population（ i ）. pS is the amount of medical resources in Tertiary Hospital （ p ）; tS is 

the amount of medical resources in t th Tertiary Hospital, medical resources is described by the 

number of health bed.  is the friction-of-distance coefficient.  

Firstly take Tertiary Hospital（ p ）as the research center, Search all population ( i ) that are within 

the catchment area from Tertiary Hospital（ p ）, and calculate the weighted resource-to-population 
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iA represents accessibility as follows:  
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2.2 Under the Hierarchical Medical System. 

 Phase one: follow the rule of Hierarchical Medical System, Patients go to the Primary Health 

Care（ j ） they liked within catchment area.  % of them are transferred to the Tertiary Hospital for 

further treatment, because the severity of the disease. (1 )
kj

k

k d di

D
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is the number of patients 

treated at Primary Health Care.  

The accessibility of the first phase as follow: 

                         (5) 

Phase two: Primary Health Care （ j ）becomes the demand point. The new supply point is Tertiary 

Hospital （ p ）. pjd is the distance between Primary Health Care（ j ）and the Tertiary 
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Hospital（ p ）, jd represents the average value of the distance between Primary Health Care（ j ） 

and all the Tertiary Hospital（ p ）that it can get，
kj i

k

k d d
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is the number of patients who transfer 

from Primary Health Care, jS  is the amount of medical resources in catchment area, ,pj jG d d（ ） is 

Gaussian function considering distance decay. This phase describe the situation that patients transfer 

from Primary Health Care to the Tertiary Hospital. Generally, the probability of transference to which 

Tertiary Hospital is similar, so ijP is not considered. 

j
pA is the spatial accessibility from Primary Health Care（ j ） to Tertiary Hospital（ p ）: 
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In order to get the service from Tertiary Hospital they want, patients would like to go to the 

designated Primary Health Care which can transfer to the Tertiary Hospital, so ijP  should be 

considered. The accessibility of population location to the Primary Health Care should be 

considered：  
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The accessibility of population（ i ）:  
M F p

i i iA A A                                                                    (8) 

 The accessibility of whole population: 
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3. Research Data. 

To illustrate the advantages of the enhanced two-step 2SFCA method, we apply in to examine the 
accessibility to hospital facilities in a group of three districts in Xi'an, and compare the results under 

different systems. The three districts are XinCheng District, BeiLin District and LianHu District. 

Chooses street as the smallest research unit. The three urban districts include 26 streets. Each street is 

a demand point, and the geometric center of the street is recognized as the center of population 

distribution. The population data comes from the report of The Sixth National Census of Xi'an. 

According to the list of medical insurance designated hospitals in Xi'an, Primary Health Care and 

Tertiary Hospital are identified. The spatial coordinates of medical facilities are obtained from google 

map. The number of health bed and other information are obtained through the official website of 

hospitals. The road network dataset in the main city of Xi'an is digitized by ArcGIS, based on the 

"Xi'an city traffic map" from Xi'an Municipal Transportation Bureau. 

4. Measurement of Accessibility. 

Accessibility under the General Medical System 

The result of applying the enhanced two-step 2SFCA method under the General Medical System to 

the study area is shown in Fig. 1. Under the General Medical System, Tertiary Hospitals are still the 
first choice for most patients. After calculation, the accessibility of medical facilities in the whole 

urban area is 0.0054. The majority of the high accessibility are in the east and it decreases from the 

east to the West. The accessibility of XinCheng District is 0.0061; The accessibility of BeiLin District 

is 0.0057; LianHu District’s accessibility is 0.0031. The XinCheng District has the largest quantity of 

Tertiary Hospitals, the health bed it owned is 2.95 times that of LianHu District, 1.89 times that of 
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BeiLin District. Under the general medical system, accessibility is positively correlated with the 

density of distribution of medical facilities, which means the streets with denser distribution of 

hospitals get higher accessibility. For example: TaiYi Street, which is surrounded by intensive traffic 

road, is in the BeiLin District, and there are 3 Tertiary Hospitals within the scope of 1000 meters from 
this street, hence it is easy to access the medical resources. The accessibility of TaiYi Street is 0.0053. 

However as for the ZaoYuan Street, which locates in the LianHu District, and there is no Tertiary 

Hospital within 1000 meters. Besides, the road network is poor here(the value of Gauss distance 

decay is only 0.16), hence the medical resources is relatively difficult to access. ZaoYuan Street’s 

accessibility is only 0.0021. 

 
Fig.1. Accessibility of Xian’s Main Districts under the General Medical System 

Accessibility under the Hierarchical Medical System. 

In order to provide reference for the construction of the Hierarchical Medical System, this study 

calculates accessibility of medical facilities with 6 different referral rates. 

 
Fig.2. Accessibility of medical facilities under different referral rates 

The accessibility of medical facilities under Hierarchical Medical System is higher in center region 
and lower in the East and the West. This is due to the referral mode enlarges the potential range of the 

patient's movement, and multiple potential service areas are overlaid in the middle. Such as ZiQiang 
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Street, under the General Medical System, patients can go to 7 Primary Health Care hospitals, 

potential service radius is about 7 km. under the Hierarchical Medical System, through referral, 

patients can reach the medical resources from 10 Tertiary Hospital, the potential service radius 

increased to 14 km.The focus of potential service area moves to the center, also the scope of potential 
medical service is enlarged because of the convenient transportation in the central city, and potential 

medical services in the central area is repeatedly covered, so the accessibility increases significantly. 

But there is less coverage in the East and the west, hence accessibility of those two regions is 

relatively low. 

In addition, the accessibility of medical facilities is related to the patient's choice of medical treatment. 
Patient will go to a hospital that they preferred to. Taking HongMiaoPo Street for example, the 

number of Primary Health Care that patients can get is 11. Its’ location is close to the Xi'an Hospital 

of China Aviation Industry and the Second Hospital of Xi'an, the number of medical resources that 

two hospital can provide is similar, but the accessibilities are quite different. As for HongMiaoPo 

street, the accessibility of the Second hospital of Xi'an is 0.0114, the accessibility of Xi'an Hospital of 

China Aviation Industry is 0.0067, nearly two times. According to the huff mode, residents in 

HongMiaoPo Street prefer the Second Hospital of Xi'an than Xi'an Hospital of China Aviation 

Industry; the probability of seeking doctors in Second Hospital of Xi'an is higer. So it gets higher 

accessibility. 

Using SPSS to fit function of accessibility and referral rate, the result is shown in Figure 3. As for 
Xi'an three districts, when the referral rate is low, most of the patients see doctors at the Primary 

Health Care, a few patients go to Tertiary Hospital. The pressures in the Tertiary Hospital are relieved, 

and also patients are distributed, so it shows higher accessibility. when the referral rate rises to 40% or 

more, accessibility begins to decrease obviously. Because more patients are transferred to Tertiary 

Hospital, a large number of patients concentrated in Tertiary Hospital. The resources of Primary 
Health Care are not fully utilized, so the accessibility showed a trend of down. It is obvious that the 

control of referral rate is very important to build the Hierarchical Medical System. 

  
Fig.3. Fitting of accessibility function 

a) Comparison and analysis of accessibility under the General Medical System and Hierarchical 

Medical System. 

The comparative calculation results show that the accessibility of medical facilities under the 
Hierarchical Medical System is significantly higher than that under the General Medical System.so 

Hierarchical Medical System can significantly improve the accessibility of medical facilities. Taking 

referral rate is 0.4 for example, accessibility of XinCheng District is 0.1384, Lianhu District’s is 

0.0729, BeiLin District’s is 0.0565. Under the Hierarchical Medical System, three main urban 
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districts all achieve the goal: One hundred people own 0.433 health bed in hospital, which is 

stipulated in the regional health plan of Xi'an (2006 to 2015). Compared with the General Medical 

System, the utilization rate of medical resources increases nearly 20%. It is visible that the 

Hierarchical Medical System expands the scope of access to medical resources.  

From the perspective of supply and demand, a large number of patients are effectively distributed in 

the Tertiary Hospital. Patients with common diseases accept treatment at the Primary Health Care. 

Others with serious illness or emergency condition are assigned to the Tertiary Hospital. Medical 

resources are rationally used. Under the General Medical System, TuMen District’s spatial 

accessibility of health facilities is 0.0028. they can get resources from 6 Tertiary Hospitals. But 
through the referral, the number of that increased to 11, accessibility increases nearly 20 times, reach 

0.0431. It is obvious that the Hierarchical Medical System has a positive impact on the accessibility 

of medical facilities. 

From the perspective of patients, Hierarchical Medical System schedules most patients to receive 

treatment at the nearby Primary Health Care, only seriously ill patients need to go to the Tertiary 
Hospital. Patient's waiting time decreases; the quality of medical service is improved. 

From the perspective of hospitals. with implementation of Hierarchical Medical System, The 

workload of the doctors is reduced, which is conducive to the sinking of high-quality medical 

resources to Primary Health Care,more doctors can provide better quality medical services for 

ordinary patients. There are lots of Primary Health Care located about the 4000 meters far from 
densely populated area, so patients can see doctors at the Primary Health Care, which save time and 

money, also increase patients' satisfaction with public services. In a comprehensive view, the 

implementation of the Hierarchical Medical System can effectively alleviate the "Difficulty and 

Expensive Problem in Health Care". 

5. Conclusion 

In this paper, based on two-step 2SFCA, distance decay is used to enhance the two-step floating 

catchment area method, and the search radius is determined according to the location of each street. 

The revision of the superposition part of the two phases is calculated. At the same time, combined 

with the idea of patient centered, the huff model is used to calculate patients’ preference. 
Accessibility is described more realistically. The result shows: 

(1)Under the General Medical System, the spatial accessibility of medical facilities in the east is 

higher than that in the west, and decrease from the east to the southwest. Accessibility is related to the 

density of traffic network and the distribution of hospitals. The denser the traffic network and the 

distribution of hospitals is, the higher the accessibility gets. Accessibility is related to the patient's 
behavior of choosing doctors and hospitals. Patients would like to go to the hospital they preferred 

when they need health service. 

(2)Under the Hierarchical Medical System, when the referral rate reach 40% or higher, the 

accessibility begins to decline, the referral rate needs to be strictly controlled.  

(3)Compare accessibility under the General Medical System and Hierarchical Medical System. 

Hierarchical Medical System can effectively improve the accessibility of medical facilities, because 

of two-step movement, possibility of obtaining medical resources is increased, effectively alleviate 

hospital’s pressure. Provide theoretical support for the implementation and promotion of grading 

treatment. 

(4)The enhanced two-step 2SFCA objectively and accurately describe the accessibility, reflect 

differences in accessibility of various demand points, provides a reference for the analysis and 

optimization of the allocation of medical resources. 
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