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ABSTRACT: 
The aim of this paper is to reconstruct spatial patterns of TCM and Western medical services in Beijing city in the 1930s. The analysis is based on a Republican Beijing GIS Dataset. Spatial analytical methods such as two-step floating catchment (FCA) and buffer analysis are used to explore the spatial patterns of traditional Chinese and Western medical services and their correlations with the urban traffic. 
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1. INTRODUCTION 
The widespread application of GIS (geographical information system) in recent decades has increasing impacts on the approaches available to the students of historical geography, history and Chinese studies (Bol and Ge 2005; Knowles 2006; Gregory and Healey 2007). The combination of GIS and historical geography (i.e., Historical GIS) has become an increasingly promising area of research even though actual empirical cases of application remain limited, in particular in Chinese history. There are at least three advantages of using GIS in historical geographical studies: First, GIS is able to integrate large amount of data of multiple variables from many sources. Second, quantitative analysis can be conducted by using spatial statistics. Third, the visualization tools of GIS may inspire new enquiries.

This paper attempts to present the spatial patterns of traditional Chinese medicine (TCM) and Western medical services in Beijing in the 1930s and test them against the pattern of urban traffic. The data we used were from a GIS dataset built upon information collected from the Beijing Municipal Archive and other archives and libraries. In section 2, we will describe the data and data processing. Section 3 presents two step floating catchment area method and the findings of patterns of spatial accessibility to traditional Chinese and Western medical services. Section 4 presents buffer analysis and the findings of the relations between the TCM, western medical services and the traffic. The last section is a summary of the findings.

2. DATA SOURCE AND DATA PROCESSING
2.1 Sources
The data of our dataset have been collected from Beijing Municipal Archive, National Library, Capital Library, 2nd Historical Archive in Nanjing, Institute of Modern History, Academia Sinica in Taipei, Library of Congress and Rockefeller Archival Centre in Tarrytown, NY. These are official census, reports, statistics, registries, and private surveys, reports, directories, guidebooks, maps, accounts, books and other publications. The sources used in this paper fall into two broad categories: first, historical maps used to create the base map as the foundation of spatial data; second, official or private survey and statistical data, which provided thematic information about population, traditional Chinese and Western medical services. 
Beijing city includes North City and South City. For administrative purposes, Beijing was divided into 20 police districts in 1912, which were restructured into 11 police districts from 1928. As far as the 20 districts are concerned, the Central Districts are in the imperial city, the Inside Districts in the North City and the Outside Districts in the south city. The Left Districts are on the east, and the Right Districts on the west side of the city (Gamble 1921). Three historical maps are used for creating the base map, including Map of inner and outer cities of capital produced by the Office of Surveying and Mapping, Zhifang Department, Ministry of the Interior at a scale of 1:8000 in 1916, Survey Map of Inner and Outer Cities of Beiping produced by the Public Works Bureau of the Beiping Municipal Government at a scale of 1:5000 in 1937 and Beiping City Map published by China Map Press at a scale of about 1:14285 in 1940. All these city maps are showing the hutong (alleys and streets) grid of the city, which constitutes the basic urban structure. The 1937 map (Fig. 1) is treated as the main source of base map and digitized due to its high spatial resolution. Because the 1937 map is too old, there are quite a few hutong whose names are not decipherable. Some can be verified and corrected through the comparison with the 1916 and 1940 maps. However, it cannot be complete because the information on the 1937 map is much more detailed than the other two maps. To further enhance the quality of our data, we make use of the Hutong of Beiping published by Economic News Press in 1936. This book contains detailed information about hutong and streets and is useful for proof-reading and correcting the hutong names on the 1937 map. In this way, more than 3200 hutong (i.e. line features) are reconstructed. The basic blocks (i.e. polygons) and important organizations such as schools, temples, police stations, identified as points on the map legend are digitized. In addition, the police districts (i.e. polygons) are georeferenced. The boundaries of 11 districts are derived from the 1937 map directly while the boundaries of 20 police districts are generated according to the 1916 map. The road data are also derived from the 1937 map. There are several kinds of roads appearing on the legend. These are hutong, asphalt, macadam, stone path, walkway, country road, lane and streetcar. 

The spatial patterns of Western medical services are representing the locations and distributions of Western hospitals and clinics. While TCM services were widely supplied in TCM drugstores, clinics, temples, temple markets, and guilds. These data come from several sources. The Western hospital data (94 entries) are derived from Archives of Survey of General Hospitals in Beiping of 1935 with archive no. J1-03-53 and J1-03-54 and Beiping City Government Health Board Business Report of 1935. Both sources provided detailed information about the profiles of Western hospitals. The TCM drug store data (300 entries) come from Archive of List of Traditional Chinese Medicine Business in Beiping of 1935 with its archive no. J005-003-00037, which was the survey of TCM drug stores conducted by Beiping Municipal Bureau of Social Affairs. The TCM doctor data (366 entries) are derived from Beiping TCM Union Roll published by Beiping TCM Union in 1930, which contains information about the TCM doctors. The population data come from The Statistical Graph of Registered Residence of Beiping Police Department published by Beiping Police Department in 1937, which contained statistical data about different kinds of household, female and male populations for the 11 police districts. The temple data (15 entries) are derived from The Historical Materials of Temples in Beijing compiled by Beijing Municipal Archive in 1997, which included temple registrations of 1928, 1936 and 1947. The 1936 temple data is utilized in this study but we identify and use only those temples that claimed to provide TCM services in their records. The guild data (406 entries) come from The Tour Guide of Beiping compiled by Beiping democratic Socialist in 1929, which provided information about geography, politics, social-economy, local customs of Beiping. 
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Fig. 1: Survey map of inner and outer cities of Beiping in 1937
2.2 Data Processing
Since all the thematic data on Western hospitals, TCM drug stores, TCM doctors, temples, temple markets and guilds have addresses in terms of hutong, they are represented as point features and input into the database according to their hutong addresses. The population data are attribute data of the 11 police districts. The feature points are then given the value of the district they are falling in by using a spatial join. When taking 20 or 11 police districts as the basic administrative units to carry out two-step FCA method, the scale would be too large to reveal the details of variations in the spatial accessibility. Thus, it is necessary to use smaller geographic unites for spatial analysis. In this study, the main idea is to group the blocks on the base map together into new districts. But this would face the problem of how to allocate the population data of police districts into each block. We have adopted a solution illustrated as below (We are indebted to David W. Wong for suggesting this method):

First, work out residential area for each polygon in block layer. Mark all buildings of known non-residential nature such as government offices, libraries, schools, hospitals, markets, temples, churches as well as open public spaces of parks, old palace, and the lakes and hence generate an informed map of residential polygons. The residential area of each polygon should exclude the non-residential buildings, the formula is expressed as:
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Where 
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 is the area of the kth non-residential building for polygon i and n is the number of the kth non-residential building.

Second, work out the total area of the residential polygons 
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for each police district j, given as:
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Where 
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is the residential area of polygon i contained by police district j, that is 
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Third, work out the density of population  
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 for each polygon, given as:
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Where 
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is the population for police district j.
Finally, work out the population 
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for each polygon i, given as:
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The population represented in this layer only represents that of a particular year. If the population of another year is available, the same process of factoring in the new numbers for each district can be done and another layer of population data based on building polygons can be generated. The key is to have the population year close to the map's year. For instance, we should only use population of 1937, or nearby years, for residential polygons shown on the 1937 map. These data should not be applied to the maps of the 1920s and 1910s. Now we can impose whatever zoning we want onto the base map and have the population of each newly defined zone at hand readily. 
For our purpose, we divide the 20 districts into 80 sub-districts according to regular polygons and main streets. There are two reasons for this: First, 20 police districts are the raw data available. Second, after carefully examining the boundaries of the 20 police districts on the 1916 map, we find out that main streets and blocks should have been the major consideration in the zoning of 20 police districts. For example, the boundaries of inside right no.4 include Xinjiekou street, Fuchengmen street while the boundaries of inside right no.3 include Jiugulou street and Gulou street. The new 80 districts are then created accordingly and treated as the basic areal unites for spatial analysis in this study. All spatial processing is carried out using Arc/GIS 9.3.

5.3 MEASURING SPATIAL ACCESSIBILITY BY THE TWO-STEP FLOATING CATCHMENT AREA METHOD

The two-step FCA method is a GIS-based measure of spatial accessibility to healthcare, which is relatively simple and easy to implement (Yang 2006; Wang 2005). It was developed based on the early FCA. Luo (2004) applied this method to accessing areas with shortage of physician in Illinois of US. He assumed a threshold travel distance of 15 miles for primary healthcare, a 15-mile circle is drawn around a residential tract as its catchment area. The circle with the same radius (i.e., catchment area) ‘‘floats’’ from the centroid of one tract to another, and the physician-to-population ratio within each tract defines the accessibility there. The underlying assumption is that services that fall within the catchment area are fully available to any resident within that catchment. However, not all physicians within the catchment are reachable by every resident in the catchment, and physicians on the periphery of the catchment may also serve nearby residents outside the catchment and thus not be fully available to residents within the catchment. 
Radke and Mu (2000) developed the two step floating catchment area method to overcome the above fallacies. It repeats the process of “floating catchment” twice (once on physician locations and once on population locations), and is therefore referred to as the “two-step FCA method”.

Step 1: For each hospital location j, search all population locations (k) that are within a threshold travel time 
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from location j (i.e., catchment area j), and compute the physician to population ratio 
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within the catchment area: 
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where 
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is the population of tract k whose centroid falls within the catchment (i.e. 
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is the number of physicians at location j; and 
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is the travel time between k and j.

Step 2: For each population location i, search all physician or sickbed locations (j) that are within the threshold travel time 
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 from location i (i.e., catchment area i), and sum up the physician to population ratios 
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at these locations:
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where 
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represents the accessibility at resident location i based on the two-step FCA method, 
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 is the physician-to-population ratio at physician location j whose centroid falls within the catchment centered at i (i.e., 
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is the travel time between i and j. The threshold time is set at 30 minutes in this study. A larger value of 
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 represents a better spatial accessibility at resident location i.
One important task of implementing the healthcare accessibility measure is to estimate travel times between population and physician locations. The vehicular speeds need to be determined according to the historical context of Republican Beijing. During republican period, Beijing’s traffic condition had been greatly improved due to the efforts made by the municipal government. While the streetcar was the public transport, the rickshaw can be regarded as the private vehicle and they carried the city’s traffic together (Wang 2000; Du 2004). Concerning the carrying capabilities of these two kinds of vehicles, the “Far East Times” once made a comparison. It was estimated that the speed of streetcar was 8.8 miles per hour and the speed of rickshaw was 6 miles per hour (Wang 2003). Because streetcars could only go on roads with macadam or even better like asphalt, we assumed both speeds were calculated based on relatively higher-level roads (i.e. macadam). Table 1 shows the rickshaw speed estimation. The roads were classified into three levels. The higher the level, the faster the rickshaw’s speed. Every level down will reduce 10% of velocity. The country roads and lanes are not included in this table because it is assumed the rickshaw men would not choose those roads to go when they were running.
Table 1: Rickshaw travel speed estimation

	Level 
	Road category
	Speed

(mile per hour)
	Speed

(meter per minute)

	1
	asphalt
	6.6
	177

	2
	macadam, stone path, hutong
	6
	161

	3
	walkway
	5.4
	145


The two-step FCA method can be implemented in ArcGIS 9.3 by the following procedures using a series of “join” and “sum” functions (see Fig. 2, the case of Western hospitals).

(1) A matrix of travel times between physician location and population location is computed. The table (say, named Dis_30min) only includes those trips within the threshold time (e.g., 30 min) by setting a search radius in the network travel time computation command.

(2) Tables of physicians (say, hospital) and population (say, district) are then ”joined” to the table Dis_30min by using hospital ID and district ID respectively.

(3) Based on the updated Dis_30min, a new table (say, RbyDoc) is generated by

“summing” population by physician locations and computing an initial physician-to-population ratio for each physician location (indicating its physician availability).

(4) The updated table RbyDoc is “joined” to the table Dis_30min by using hospital ID

(5) Based on the updated Dis_30min, physician-to-population ratios are “summed” by population locations , generating a new table (say, RbyDis). 
(6) Finally, the table RbyDis is “joined” to the population table by using district ID for

mapping and analysis.
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Fig. 2. Flowchart of implementing the two-step FCA method 

Fig. 3 and Fig. 4 show the variation of spatial accessibility to traditional Chinese and Western medical services measured by the two-step FCA method using a 30-min

threshold time. Two observations can be made from these two figures:
(1) For traditional Chinese medical services, areas with higher accessibility scores (better spatial access) are concentrated in the central areas, e.g. district 6 (inner), district 1 (inner), district 2 (inner), district 1 (outer) and district 2 (outer) whereas areas with lower accessibility scores (poorer spatial access) are mostly in the South City, e.g. district 3(outer) and district 5(outer).

(2) For Western medical services, there is a clear spatial distinction with higher accessibility scores (better spatial access) in the North City and lower ones (poorer spatial access) in the South City. Within the North City, district 1 (outer) and district 2 (outer) have relatively higher accessibility scores than the other districts.
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Fig.3. Spatial accessibility to TCM doctors in Republican Beijing.
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Fig. 4. Spatial accessibility to Western hospitals in Republican Beijing.

5.4 MEASURING PROXIMITY BY THE BUFFER ANALYSIS 
Buffer analysis is a common type of analysis with GISs, which is a spatial analytic technique for assessing proximity within a certain distance of a point, line, or area feature. The resulting buffer is a new polygon, which can be used in queries to determine which entities occur either within or outside the defined buffer zone. Fig.5. shows the typical examples of point, line and area buffers. For instance, point buffers can identify the area around a contaminated well, line buffers can track exposure along a railroad line carrying hazardous materials and areal buffers can be computed around large Superfund sites, and line buffers can track exposure along a railroad line carrying hazardous materials. 
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Fig. 5. Examples of points, line and area buffers 

In the case of buffer analyses around different kinds of roads, the buffer is drawn at a pre-defined distance, the TCM providers and Western hospitals are identified that are within the area in the buffer, and information about the numbers of TCM providers and Western hospitals in the buffer areas is used to examine the relationships between TCM, Western medicine and the traffic. The roads are divided into four levels: asphalt for the first level, macadam, stone path for the second level, walkway for the third level and country road, lane for the fourth level. The streetcar is also included in the analysis for comparison purpose. 
In this analysis, a series of distances are tested for the selection of optimal distance. For our purpose, we have two criteria for this selection: a) the shorter the distance, the better the distance; b) the buffer based on the distance should contain relatively higher percentages of TCM provider and Western hospital in the buffer area. The buffer analysis is conducted at different distances and the percentages of TCM provider and Western hospital in the buffers are calculated. Table 2 shows the analytical results for the streetcar. The 500-meter is regarded as the optimal distance.
Table 2. Results of buffer analysis for the streetcar at different distances
	Distance
	Percentage (TCM)
	Percentage (Western medicine)

	250 m
	33%
	3%

	500 m
	58%
	79%

	750 m
	83%
	94%

	1000 m
	92%
	97%


Fig.6 and fig.7 illustrate 500-meter buffers calculated for the streetcar for TCM providers and Western hospitals respectively. The results of the buffer analysis are recorded in table 3. One can see the variation in the relationships between Traditional Chinese and Western medical services and the traffic. For the Western medicine, the higher level the road, the larger the number of Western hospitals. The number of Western hospitals is the highest for asphalt (78), followed by macadam, stone path (57), walkway (30), and country road, lane (8). The number of Western hospitals is 74 for the streetcar. However, this is not the case for TCM. The number of TCM providers is the highest for macadam, stone path (854), followed by asphalt (680), walkway (129), and country road, lane (125). The number of TCM providers is 639 for the streetcar. 
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Fig. 6. Western hospitals and 500-meter buffers for the streetcar
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Fig. 7. TCM providers and 500-meter buffers for the streetcar

Table 3: Numbers of Western hospitals and TCM providers inside 500-meter buffers for roads of different levels

	Level
	Road Category
	Number of 

TCM providers
	Number of Western hospitals

	0
	streetcar
	639
	74

	1
	asphalt
	680
	78

	2
	macadam, stone path 
	854
	57

	3
	walkway
	129
	30

	4
	country road, lane
	125
	8


5. SUMMARY 

We have applied a historical GIS approach, which focuses on spatial dimension as well as quantitative analysis, to explore aspects of TCM and Western medical services in Beijing in the 1930s. The GIS-based two-step FCA method and buffer analysis, were used to measure the spatial accessibility to TCM and Western medical services and their relationships with the urban traffic.
The major findings are:

a. The central areas had better spatial access to TCM services.
b. The North City had better spatial access to Western medical services than the South City.
c. The urban traffic had great statistical impact on the presence of Western hospitals. The better the road, the more Western hospitals surrounding.
d. There was no strong relationship between TCM providers and the urban traffic.
These findings can be further examined against other spatial patterns derived from the dataset, for instance, how these patterns can be related to the patterns of population density, poverty, markets, religious organization, law enforcement and so forth.
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