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[bookmark: _Toc173490990]Introduction
HM Revenue and Customs (HMRC) has made available to researchers PAYE Real Time Information (RTI; payrolled income from employment) and Self-Assessment (SA; self-employment and other income) data from the HMRC administrative records, for the 1% of the working population who meet the criterion for inclusion in the ASHE sample. The PAYE data is used by  HMRC to produce monthly estimates of payrolled employees and their pay, which is currently published jointly between HMRC and ONS.[footnoteRef:2] The data files  provided by HMRC are administrative data and require extensive manipulation before they can be used for analysis, and so the Wage and Employment Dynamics (WED) team was commissioned by ADRUK to produce a research-ready dataset (RRD). During this period, we have liaised with the ONS to work on better understanding the data. [2:  https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/bulletins/earningsandemploymentfrompayasyouearnrealtimeinformationuk/previousReleases ] 

This Quick Guide summarises the data files and provides basic statistics. The PAYE files required substantial manipulation to create an RRD; more specific details about how these files were created can be found in the document “Creating the WED PAYE panel” on the WED website. [footnoteRef:3] [3:  https://www.wagedynamics.com/hmrc/ ] 

[bookmark: _Toc173490991]Overview
The source data files are described below.  
· Employment (HMRC): details of employment spells, linked to PAYE scheme
· EoY (HMRC): end-of-year data on paid employment, similar to but not derived from P60 forms
· PAYE RTI submissions (HMRC): pay submissions (weekly, monthly or ad hoc pay) supplied by employers for the HMRC PAYE RTI population, including occupational pensions. For convenience, we refer this in the rest of this document as “payslips”.
· SA (HMRC): multiple files corresponding to different parts of the self-assessment record, and covering self-employment income as well as other types
· ASHE (ONS): the Annual Survey of Hours and Employment, augmented by the WED team[footnoteRef:4] [4:  https://www.wagedynamics.com/data-documentation/enriched-ashe-qa/ ] 

The HMRC source data files are provided by ONS from the files supplied to them by HMRC. The WED data is only the 1% of PAYE or SA data included in the ASHE population. 
All the HMRC files have a reference number (hmrc_id) allowing the same individual to be identified across the different HMRC data files. The ASHE files have a different unique person ID reference number (piden). A lookup file between these two references allows the ASHE and HMRC data to be linked together.
All the HMRC data is organised by tax year, which start in April 6th and ends in April 5th the following year.  So tax year 2016 is from April 2015 – March 2016, approximately. ASHE data is collected in April of each year, and so the ‘2015 ASHE data’ for example will relate to the 2016 tax year. 
The data source and methods used by HMRC, ONS and WED 
The PAYE RTI data is used to generate the official (developmental) statistics. These are produced by HMRC and issued as a joint HMRC/ONS statistics release. The same data is provided to ONS who are currently doing their own analysis and research on this data. The WED team is supplied a 1% subsample of the data by ONS, corresponding to the ASHE population. Where references are made below to comparisons with official and developmental statistics, these relate to the HMRC/ONS statistics. Where references are made below to ONS analysis, these relate to their own research. 
The official guide for employers filling in the RTI form can be found Real Time Information internet submissions: 2024 to 2025 technical specifications - GOV.UK (www.gov.uk) 




[bookmark: _Toc173490992]Details of the datasets
As of January 2024, the WED have created seven user files from HMRC, plus the ASHE files:
	File name
	Contents
	Use
	Tax yr
	Individuals p.a.

	paye_weekly _clean
	Pay slip records for those paid weekly or in multiples of weeks, augmented by age and sex from ASHE
	Analysis of size and volatility of weekly pay
	2015-2019
	120k

	paye_monthly _clean
	Pay slip records for those paid monthly or in multiples of months, augmented by age and sex from ASHE
	Analysis of size and volatility of monthly pay
	2015-2019
	350k

	paye_weekly _panel
	All weekly and monthly pay slip data, with monthly pay allocated to weeks (see ‘Timing’ below), with additional constructed data on employment records, augmented with age and sex markers from ASHE 
	Analysis of pay, labour market transitions 
	2015-2019
	420k

	paye_monthly _panel
	All weekly and monthly pay slip data, with weekly pay allocated to months (see ‘Timing’ below), with additional constructed data on employment records, augmented with age and sex markers from ASHE 
	Analysis of pay, labour market transitions 
	2015-2019
	420k

	paye_ashe _supplement
	Pay slip data by individual and year, summed across all jobs, including information on the number of jobs, proportion of time in paid employment, labour market activity at the ASHE survey date. Includes data from Employment and EoY files, some of which do not have payslips associated with them.
	Analysis of ASHE (including sampling issues) using information on within-year activities
	2015-2019
	500k

	sa_combined
	All the SA data combined into one file by individual and year; there are a very large number of variables in this file
	Analysis of other sources of income, linking to other dataset to understand labour market transitions
	2011 - 2018
	100k

	sa_combined _subset
	A subset of key variables from the SA data, intended to be more manageable if the additional variables are not needed
	As above.
	2011 - 2018
	100k

	WED ASHE
	ASHE files enhanced by WED code and with Job Number variables and CS/longitudinal weights derived by the WED team (See WED ASHE Quick Guide[footnoteRef:5])  [5:  https://www.wagedynamics.com/data-documentation/enriched-ashe-qa/ ] 

	Analysis of pay by geography, industry, occupation, employer
	1998-2023
	170k; 140k in 2007/8,2020/2 


Table 1 WED-ASHE-HMRC datasets


The HMRC data in our dataset covers tax years 2014-2019. There are around 800,000 distinct individuals who have a record in the HMRC datasets. The data is a 1% subsample of the full HMRC data, including the ASHE population but also individuals who have had other interactions with HMRC. In some cases, individuals have an employment or end-of-year record but no payslip details, and so there are about 100,000 more distinct individuals registered with HMRC in any year than there are with payslips.
At any point in time, about 400,000 distinct persons appear in RTI submissions, in the WED data. This implies an RTI population of 40m, compared with the HMRC payrolled employee estimates of around 30m in the HMRC-ONS joint release. The difference in counts is mainly due to occupational pensions. A large number of the PAYE payslips (around 25%) refer to occupational pensions rather than paid employment. There are markers in the dataset for this, but inconsistencies remain (see below).
Each year, there are roughly 100,000 individuals recorded in the SA dataset who meet the criteria for being in the ASHE population, reflecting about 10m people in total completing self-assessment each year. Some of these will also have employment records, and so there will be individuals who appear in both the SA and PAYE data.
The tax year starts on 6th April. In the weekly files each payslip is indexed by the weekly reference number (1-52) and tax year; similarly, monthly files are indexed by monthly reference number (1-12) and tax year. The weekly-monthly PAYE files are for analysing pay throughout the year. For example, one could analyse month 9 across different years to study wages around Christmas and New Year; or analyse weeks 16-21 to look at wage volatility over the school summer holiday.
The PAYE ASHE supplement and SA files are annual data. They can be added to ASHE to throw light on the ASHE data, particularly the information about what happens during the year and other sources of income. Because HMRC and ASHE use different reference numbers for employers in the current version of the data, we sum the HMRC data for all employers for an individual in the year.
The achieved ASHE sample is typically only 67% of the target 1% of employees in a given year[footnoteRef:6]. There are roughly twice as many distinct individuals in the PAYE payslips data than there are in ASHE at the time of the ASHE survey in April of each year. There are about 50% more in the employment (non-pension) records (270,000 distinct employees receiving payslips, compared to 170,000 ASHE responses). This is consistent with the ASHE achieved sample being 67% of the population. [6:  See https://www.wagedynamics.com/wp-content/uploads/2022/06/Note-on-ASHE-cross-sectional-weights-May2022-final2.pdf for a discussion of cross-sectional sampling issues, and https://www.wagedynamics.com/wp-content/uploads/2022/10/Longitudinal-attrition-in-ASHE-Version-1b.pdf for a discussion of longitudinal attrition in ASHE.] 

All individuals in the ASHE population should be in the HMRC data. There are a small number of individuals (less than 1% of the ASHE sample) who do not appear in the HMRC data but do appear in ASHE. This is being investigated. The document ‘Understanding PAYE references’ on the WED website contains more discussion[footnoteRef:7]. [7:  Reference to be added when available] 

Finally, ASHE contains records for individuals from 1997 to 2022. It is therefore possible to identify birth year and gender (the time-invariant variables) for a much larger group of employees than appear in ASHE in a specific year. Around 85% of the HMRC payslips have been paid to someone with a record in ASHE at some time over the period, and so it is possible to use ASHE as a donor to assign age and gender to most of the HMRC records. 
[bookmark: _Toc173490993]Cleaning and data construction
The PAYE user files generated from this have undergone several modifications by the WED team:
· Removal of duplicate payslips
· Addition of common pay period references (for the weekly/monthly pay data)
· Renaming of variables and addition of descriptions and labels
· Changes to variable formats to improve efficiency and usability
· Identification of occupational pensions
· Construction of new variables 
· Construction of the ASHE supplement
In addition, some quality assurance has been carried out on the variables. The QA is ongoing and results are included in the Appendix to this guide. The WED website contains the latest information.
For the SA data, currently the focus has been on combining the files and making the variables more efficient (eg changing text “true” and “false” to 1 or 0).
[bookmark: _Toc173490994]Time periods for the PAYE data
SA and EOY data are for the whole year, starting on 6th April. The payslip data is for whichever pay period is relevant (one week, two weeks, monthly, six monthly, ad hoc, etc). Tax weeks are numbered 1-52. Tax months are numbered 1-12, from the 6th of Month M to the 5th on Month M_+1. See Figure 1 for examples.

[image: ]
Figure 1 Impact of different pay/measurement periods
For those who are paid weekly, any payment on day 365 or 366 of the year is handled differently depending on whether the individual is paid over one, two or four weeks, by being spread over the appropriate number of weeks. Hence, the last week of the year may show an increased pay even if weekly pay has not changed. The extra day’s payment is record in the dataset as ‘extra’, so that researchers can remove it from the last week if necessary. For example, the variable “pyt_taxable_pay_in_period” for week 52 reflects the pay for the last 8 or 9 days in the year (depending on whether it is the leap year or not). The variable “pyt_taxable_pay_in_period_x” reflects the pay of the last or two days. 
Multi-week or multi-month pay is converted into single weeks and months: a payslip for a worker paid every two weeks will be duplicated and the value halved in each week; for a worker paid every three months, pay is divided by 3 and spread over the three months. We have assumed that the payment is made as the end of the period.
To construct comparable payslips to allow all of the data to be analysed consistently, we
· Convert each payslip into a ‘daily rate’ (ie divide weekly pay by 7, divide monthly pay by the actual number of days in that month)
· Add up to weeks or months by reversing the process
See “Creating the WED PAYE panel” for worked examples. Note that HMRC/ONS, using the same data for its official statistics, uses a slightly different reallocation method based on an assumption of 30.4 days each month[footnoteRef:8].  [8:  https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/methodologies/monthlyearningsandemploymentestimatesfrompayasyouearnrealtimeinformationpayertidatamethods ] 

A consequence of converting weekly and monthly earning to the same scale is that it does introduce volatility into the combined pay data. Consider an employee who always gets the same weekly wage. When converting to monthly wages, this will now vary depending on the number of days in the month. Similarly, someone in the same monthly wages will have different weekly wages depending on the number of days in the month, and whether the week crosses a month boundary. Hence, if investigating wage volatility, researchers should be analysing the weekly or monthly payslips separately rather than using the combined panels.
[bookmark: _Toc173490995]Pensions in the PAYE data
About 25% of the pay slips relate to occupational pensions. These appear just like pay for employment in the administrative data. This is why the PAYE data appears to show about 40m persons in the RTI population at any point in time, as opposed to the 30m payrolled employees published by HMRC/ONS from the same data. Occupational pensions are indicated by the dummy variable occ_pen in the payslips data submitted to HMRC.[footnoteRef:9] However, it is recognised that this is not fully accurate. Sometime individuals get pension and wage payments within the same apparent ‘employment’ scheme. Our judgement is that these are likely to be mistakes. Similarly, most registered PAYE schemes are either paying occupational pensions or wages, but rarely both.  [9:  We believe this information is supplied by employers and not imputed from other HMRC sources. This is still await to be confirmed.] 

We have therefore created an additional dummy variable occ_pen_adj which takes account of both the original value of occ_pen and whether the PAYE scheme appears to be for pensions or employment pay. Note that ONS is currently conducting similar research work on the administrative PAYE RTI data; it takes on a similar approach but with some additional adjustments based on the additional adjustments made to remove occupational pensions from the published payroll estimates. We are not able to make those additional adjustments because they rely on data items that are not part of the data supplied to the WED; but we also do not think the difference affects analysis noticeably. However, you may consider a robust check for occupational pensions.
[bookmark: _Toc173490996]SA data
The self-assessment data comes in multiple files, reflecting the different supplementary pages for various income sources linked to the annual self-assessment tax form (SA100) as well as the short tax form (SA200). To ease analysis, these have all been recombined into one single file, per individual per tax year, using hmrc_id. The file also includes dummy variables for inclusion in the different files eg in_slfemp is set to 1 if the person has self-employment returns, in_emp if the person has made an employment return.
[bookmark: _Toc173490997]Linking between HMRC files and to ASHE
The HMRC files can be linked by the person reference number (hmrc_id) allowing the same individual to be identified in the different files. The ASHE files have a unique person ID reference number (piden). This has been added to the final HMRC files to allow the data to be linked together.
About 50% of the individuals in PAYE in a specific year link to the ASHE data for that year. Some of this is due to the pensions data; the rest appears to be due to ASHE only achieving around 2/3 of its sampling target.
However, it is possible to use the ASHE data to add age and gender to the great majority of HMRC records. Every ASHE record is pooled, and inconsistencies removed, creating a dataset for any individual appearing in ASHE at any time with variables birth_year and male. This dataset is then added to the PAYE data, and birth_year converted back into age. Around 85% of the individuals in the HMRC records are also in ASHE at some point and so can have these variables added.
[bookmark: _Toc173490998]Further reading
The document “Creating the WED PAYE panel” explains in detail how the data is cleaned, how time periods are assigned, how multi-period payments are allocated, and how the pension adjustment is made.
The document “Understanding links in the WED PAYE data” explains, with diagrams, how the various PAYE files link together, and provides statistics on matching proportions. 
A note on the sampling in ASHE, and new insights gleaned from the PAYE data, is in progress.



[bookmark: _Toc173490999]Appendix 1: Basic statistics
[bookmark: _Toc173491000]Number of discrete individuals in payslip data

	Tax year
	Frequency
	Percent

	2015
	406,841
	19.5

	2016
	414,637
	19.87

	2017
	418,871
	20.07

	2018
	421,766
	20.21

	2019
	424,568
	20.35

	Total
	2,086,683
	100


Table 2 Number of discrete individuals in the payslip data, by year
Around 420,000 distinct individuals, as measured by the index hmrc_id , are observed in the PAYE payslip data in each tax year. The number appears to be rising over time.
	
	
	Tax year
2015
	2016
	2017
	2018
	2019
	Total

	IR
	Irregular
	3,893
	4,365
	4,226
	3,886
	3,426
	19,796

	M1
	Monthly
	287,736
	292,764
	298,988
	306,234
	308,255
	1,493,977

	M3
	3-monthly
	930
	318
	475
	476
	335
	2,534

	M6
	6-monthly
	145
	29
	33
	23
	23
	253

	MA
	Annual
	1,148
	737
	854
	900
	818
	4,457

	W1
	Weekly
	97,332
	99,182
	97,759
	99,497
	99,530
	493,300

	W2
	Bi-weekly
	11,263
	11,589
	11,841
	12,347
	12,696
	59,736

	W4
	4-weekly
	32,361
	33,518
	33,651
	33,896
	33,372
	166,798

	other
	One-off
	1,169
	1,248
	726
	568
	1,545
	5,256

	Total
	
	435,977
	443,750
	448,553
	457,827
	460,000
	2,246,107


Table 3 Number of discrete individuals in PAYE data by year and payment frequency
Most of the population is paid monthly. Very few monthly payments are made at frequencies other than one month. However, a significant proportion of weekly-paid employees are on a four-week pay cycle.
There are more individuals when broken down by pay period as some individuals may have more than one job in a tax year, at different pay periods. 
[bookmark: _Toc173491001]Number of payslips
	Tax year
	Payslip
	Occupational pension
	Total

	2015
	5,821,348
	1,787,709
	7,609,057

	2016
	5,844,946
	1,869,289
	7,714,235

	2017
	5,719,575
	1,886,370
	7,605,945

	2018
	5,752,794
	1,900,110
	7,652,904

	2019
	5,824,229
	1,933,923
	7,758,152

	Total
	28,962,892
	9,377,401
	38,340,293


Table 4 Number of payslips in PAYE data by year and whether occupational pension or not
Roughly 25% of all payslip records appear to be for occupational pensions.
	
	
	Tax year
2015
	2016
	2017
	2018
	2019
	Total

	IR
	Irregular
	47,404
	55,119
	49,126
	44,017
	35,717
	231,383

	M1
	Monthly
	2,701,507
	2,720,786
	2,761,483
	2,807,235
	2,858,839
	13,849,850

	M3
	3-monthly
	3,982
	1,224
	1,846
	1,819
	1,235
	10,106

	M6
	6-monthly
	319
	52
	59
	44
	36
	510

	MA
	Annual
	1,504
	907
	1,016
	1,127
	1,022
	5,576

	W1
	Weekly
	2,588,398
	2,582,912
	2,420,236
	2,410,567
	2,431,813
	12,433,926

	W2
	Bi-weekly
	160,591
	165,081
	166,593
	172,321
	177,852
	842,438

	W4
	4-weekly
	314,481
	316,919
	317,926
	314,567
	315,344
	1,579,237

	other
	One-off
	3,162
	1,946
	1,290
	1,097
	2,371
	9,866

	Total
	
	5,821,348
	5,844,946
	5,719,575
	5,752,794
	5,824,229
	28,962,892


Table 5 Number of payslips(non-pension) in PAYE data by year and payment frequency
The great majority of wages are paid either weekly or monthly. ‘Irregular’ payments may include payments made with some regularity but not on a fixed monthly/weekly cycle.

	All payslips

	
	
	weekly paid?
	

	
	
	n
	y
	Total

	monthly
	n
	1,513
	15,405,380
	15,406,893

	paid?
	y
	22,933,400
	0
	22,933,400

	Total
	
	22,934,913
	15,405,380
	38,340,293

	
	
	
	
	

	Pensions only

	
	
	weekly paid?
	Total

	
	
	n
	y
	

	monthly
	n
	19
	370,908
	370,927

	paid?
	y
	9,006,474
	0
	9,006,474

	Total
	
	9,006,493
	370,908
	9,377,401


Table 6 Payslips associated with a weekly or monthly payment number
Almost every pay slip is associated with either a ‘weekly period number’ (1-52) or a ‘monthly period number’ (1-12). This is used to determine whether a person is weekly or monthly paid, rather than the pay frequency which is registered in the employment file.
Payslips with neither weekly or monthly period number are classified as ‘other’. However, in the current dataset, these appear to contain no useful information (values are zero, missing or just administrative markers); they are therefore dropped from the cleaned files.
	All payslips converted to monthly pay period

	
	Employment
	Pension
	Total

	2015
	3,765,014
	1,849,280
	5,614,294

	2016
	3,784,206
	1,934,977
	5,719,183

	2017
	3,806,085
	1,942,566
	5,748,651

	2018
	3,851,952
	1,946,722
	5,798,674

	2019
	3,895,181
	1,973,885
	5,869,066

	Total
	19,102,438
	9,647,430
	28,749,868

	All payslips converted to weekly pay period

	
	Employment
	Pension
	Total

	2015
	15,907,500
	8,028,052
	23,935,552

	2016
	15,987,890
	8,393,441
	24,381,331

	2017
	16,084,950
	8,429,599
	24,514,549

	2018
	16,257,265
	8,452,770
	24,710,035

	2019
	16,453,013
	8,563,813
	25,016,826

	Total
	80,690,618
	41,867,675
	122,558,293


Table 7 Number of payslips, re-cast on a monthly or weekly basis
The weekly_panel and monthly_panel files contain all payslips, converted into weekly or monthly pay as appropriate. The information contained in each is the same apart from the pay period (summing over the year gives the same pay value). Hence, researchers might want to explore the monthly data first as it is much smaller than the weekly file.
[bookmark: _Toc173491002]Combining ASHE and payslip data
	
	Frequency
	

	HMRC only
	9,870,426
	26%

	ASHE only
	237,695
	1%

	HMRC and ASHE
	28,469,867
	74%

	Total
	38,577,988
	


Table 8 Numbers in ASHE and HMRC matching
74% of the payslip records also have an ASHE record at some point, allowing age and gender to be assigned to the record. Roughly 85% of individuals in the PAYE data are linked to ASHE. The occupational pensioners are less likely to be linked to ASHE. For example, an employee who retired in 1996 on an occupational pension but who has not worked since then will be in the HMRC data but not in ASHE.
The very small number of individuals in ASHE but not in the HMRC lookup file is being investigated. The document ‘Understanding PAYE references’ on the WED website contains more discussion. It is thought to be due to recording errors in NI number. 
Using the linked ASHE-HMRC data, we can analyse the age profile of the HMRC data and see the impact of the pensions:
	Banded age
	Employment
	Occ. pension
	 Total

	0/24
	219,230
	762
	219,992

	25/34
	461,771
	420
	462,191

	35/44
	380,087
	1,867
	381,954

	45/54
	355,794
	9,013
	364,807

	55/64
	256,221
	116,923
	373,144

	65+
	88,658
	369,038
	457,696

	missing
	484,346
	375,218
	859,564

	Total
	2,246,107
	873,241
	3,119,348


Table 9 Age profile in payslip data
There are almost no occupation pension payslips for individuals aged under 55, but the pensioners dominate the 65+ category, as would be expected. Pensions are also over-represented in the records which don’t match to ASHE at all: they account for 43% of the unmatched records.
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