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Introduction
The Scottish Longitudinal Study (SLS) birth cohort of 1936 (SLSBC1936) links data between the Scottish Mental Survey of 1947 (SMS1947), the 1939 Register, the National Health Service Central Register (NHSCR) and the SLS.  The data collected for this cohort and the quality of data linkage are described in the SLS Working Paper 7 (Huang, et al 2017). As part of the data linkage exercise some key information in the 1939 Register such as the residential addresses of the cohort members were manually transcribed. This paper describes the process of geocoding 1939 addresses in the SLSBC1936. We present the method of linking 1939 addresses to the geocoded 1939 datasets. The output of this exercise is a dataset containing the grid references of 1939 addresses for 97.3% of the SLSBC1936 members who were found in the 1939 Register. These grid references of residential location provide a new opportunity for linking to local area characteristics for research on contextual impacts on socioeconomic chances and health over the life course.
Geocoded datasets
We use two geocoded datasets in this study.  The first one is the geocoded 1939 street index for Scotland. The 1939 street index was created for the National Register taken in September 1939. It contains 127,291 street records in Scotland and provides information about the range of house  numbers, the street name, the ED and the registration district (RD) code. This data was geocoded using Historical Address Geocoder – GIS (HAG-GIS) system developed by Daras, et al (2016) for the Digitising Scotland project. Out of 127,291 street records 126,960 (99.74%) have been assigned a grid reference with an indicator (GCode) showing the method employed.  Table 1 shows the number of geocoded records by the type of method used to assign the geocode.

Table 1 Geocoded 1939 street index: number of records by type of method 
	GCode
	Description 
	Count
	Percentage

	1
	Geocoded using the HAG-GIS application. Configuration: ED codes, matching threshold >=60% (strong threshold at 80%)
	73,252
	57.55%

	2
	Geocoded using the ED centroids produced by the HAG-GIS application.
	47,526
	37.34%

	3
	Geocoded using the HAG-GIS application. Configuration: RD codes, matching threshold >=60% (strong threshold at 80%)
	3,453
	2.71%

	4
	Geocoded using the RD centroids produced by the HAG-GIS application
	2,729
	2.14%

	-9
	No grid reference assigned or duplicate address linked to two RD codes
	331
	0.26%

	 Total
	 
	127,291
	



The second data used in this study is the ED centroid dataset produced by the HAG-GIS system. There are 10,357 ED codes in the 1939 street index, of which 8,038 (77.6%) of EDs have been successfully assigned an ED centroid. Therefore 22.4% of EDs are missed from the ED centroid dataset. This dataset was also used to geocode the 1939 street index. As shown in Table 1, 37.3% of address records were geocoded using the ED centroids.

Linking 1939 addresses of SLSBC1936 to the geocoded datasets 
There are 3,929 members in the SLSBC1936 who have a 1939 address. The original address data are captured in a single field. Before data matching each address was parsed into the house number, the street name and the locality or town using the HAG-GIS application. We explored two automatic methods of geocoding these addresses. The first method uses the cohort’s 1939 ED data and aims to assign the ED level geocode to a 1939 address. If the cohort member’s ED code is found in the ED centroid dataset then assign the ED centroid to the cohort member’s address. For any unmatched EDs we use the geocoded street index to calculate the average coordinates within the ED as a proxy of ED centroid. The second method links the 1939 addresses to the geocoded street index using street name and ED code as matching variables. To maximise the linkage success rate we employed both methods. The process of data matching is divided into following four steps: 
Step 1 – Linking the 1939 ED code in the SLSBC1936 with the ED code in the ED centroid dataset, and assigning the ED centroids to each member for the linked sample. 2,832 out of 3,929 addresses (72.1%) were linked using this method. Unmatched sample were then passed to the next step.
Step 2 – Linking the 1939 addresses of SLSBC1936 with the geocoded street index. In this step the linking was achieved using the exact matching on both the street name and the ED code. It should be noted that some combinations of street name, ED code and geocode in the street index are not unique. Before data matching the street index were aggregated by street name, ED code and geocode; only those records with a unique combination were subject to data matching. The additional number of records linked in this step is 555 (or 14.1% of 3,929), bring the total linkage rate to 86.2%. Unmatched 1939 records were passed to the next match.
Step 3 – The linkage was divided into two sub-steps. Firstly, we linked the 1939 ED code of the remaining sample with the ED code in the geocoded street index. If a match was found and all records in the street index within the ED were geocoded using the first method shown in Table 1 (i.e., GCode = 1), we then calculated the average easting and northing coordinates within that ED, and assigned this geocode to the 1939 address. Using this method we added the geocode to another 340 (or 8.7% of 3,929) records, increasing the matching rate to 94.9%.
Step 4 – This step also linked the 1939 addresses with the geocoded street index, but the linking was achieved using partial match on street name and exact match on the ED code. Having examined the remaining unmatched 1939 addresses it was noticed that some street name fields in the 1939 address file still contain town or city name, for example, Gorge Road Edinburgh Midlothian. This is probably due to a limitation in the address parsing program. In this step the street name is deemed a match if the 1939 street name contains the full string of the street name in the street index. Another 96 records (2.4%) were linked to the street index at this step, taking the total number of linked record to 3,823. The overall linkage rate is thus 97.3%.

Output table 
A table containing the geocodes of the 1939 address for the SLSBC1936 was created for SLS users. Table 2 shows the variables within the table. The distribution of the variable GFlag39 is shown in Table 3.

Table 2 Output variables 
	Variable name 
	Description

	SLSNO47
	Unique record identifier for the SLSBC1936 (20-day sample of SMS1947)

	EASTING39
	Grid easting coordinate. 1939

	NORTHING39
	Grid northing coordinate. 1939

	GFlag39
	Method of linkage to geocoded datasets. 1939



Table 3 Method of linkage to 1939 geocoded datasets 
	GFlag39
	Description
	Count
	Percent

	1
	Link to 1939 ED centroid dataset - exact match on ED
	2,832
	72.1%

	2
	Link to 1939 geo-coded street dataset - exact match on ED and street name
	555
	14.1%

	3
	Link to 1939 geo-coded street dataset - exact match on ED and calculate the average of the coordinators within the ED
	340
	8.7%

	4
	Link to 1939 geo-coded street dataset - exact match on ED and partial match on street name
	96
	2.4%

	Null
	Non-match 
	106
	2.7%

	 Total
	 
	3,929
	100.0%



Discussion 
The 1939 addresses for the SLSBC1936 are successfully geocoded using the HAG-GIS system with a high linkage rate of the 97.3%. Only 2.7% of the addresses failed to be assigned a geocode. The reasons for linkage failure may include: (1) misspelling and typographic errors in the 1939 address and ED fields, and (2) transcription errors in digitising the 1939 street index. It is expected that these error rates are very low. The accuracy of the assigned geocodes for the SLSBC1939 is dependent upon the quality of geocoded 1939 street index and the ED centroid dataset, both of which have not been quality reviewed. Hence the output produced in this study should be used with care, especially if it is used for the first time. 
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