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Abstract
Since 1971, the decennial censuses of England and Wales have underpinned the con-
struction of various local level deprivation measures. Many policy-related and aca-
demic studies have used deprivation scores calculated cross-sectionally to identify 
geographical areas in need of regeneration and to explain spatial variations in health 
outcomes. However, such an approach masks the sometimes very distinct challenges 
faced in areas with different deprivation histories. There is, therefore, a need to con-
sider the deprivation trajectories of areas over a long time run. This can then enable, 
for example: monitoring the effects of industry closure; assessing the impacts of 
area-based planning initiatives; and determining whether a change in the level of 
deprivation leads to changes in health outcomes. It can also be used to consider what 
interventions may be linked with positive changes and which could then possibly be 
implemented elsewhere. Here we extend previous work to cover a 50-year period 
using input variables relating to employment, housing, and car accessibility, from 
the six censuses from 1971 to 2021. We identify areas of persistent (dis-)advantage, 
those areas which have improved their deprivation situation, and those places where 
the situation has worsened. We cross-classify the changing deprivation measure-
ments with the Office for National Statistics (ONS) Supergroups area classification 
to thereby determine how different types of area are faring. On average, areas are 
less deprived in 2021 than in 1971. However, the trajectories of the input variables 
and of overall deprivation are not linear. The earlier decades are distinctive in rapid 
falls in non-home ownership and lack of car access but rises and falls in unemploy-
ment. The more recent decades have seen rises in non-home ownership and house-
hold overcrowding. Geographically, there has been a shift from a widespread level 
of deprivation, including in more rural areas in 1971, to being more concentrated in 
urban areas in the 21st Century.

Keywords Deprivation Index · Townsend · Census · Small Areas · Neighbourhood 
Trajectories

Extended author information available on the last page of the article

http://orcid.org/0000-0002-6211-1625
http://orcid.org/0000-0003-0575-7793
http://orcid.org/0000-0002-9977-4801
http://orcid.org/0000-0003-3304-2074
http://orcid.org/0000-0002-9799-6355
http://crossmark.crossref.org/dialog/?doi=10.1007/s12061-024-09583-w&domain=pdf


1184 P. Norman et al.

1 3

Introduction

Area-based measures of deprivation, which date back to the 1970s (e.g. Holtermann, 
1975), have been used widely in the UK and in other countries to understand the 
geographies of deprivation, to design policies aimed at promoting regeneration and 
reducing spatial inequalities, and to target resources to communities in need (Black-
man, 2006; McCartney et  al., 2023). In addition to their use by central, devolved 
and local levels of government for these purposes, deprivation measures have also 
been utilised by research institutions and academics, and third sector and voluntary 
bodies (see Sect. 1.3 of Noble et al., 2019) to better understand the nature and extent 
of neighbourhood deprivation, and its causes and consequences. An array of meas-
ures of deprivation have been used in (parts of) the UK to capture different forms of 
deprivation, both material and social. For those measures based on census data, a 
common approach has been to create composite indices by combining percentages 
converted to standard scores.

Historically, these indices solely relied upon the use of census data, which was 
made available on a decennial basis. For example, the Carstairs index was origi-
nally created using 1981 Census data in Scotland (Carstairs & Morris, 1989, 1991), 
and incorporated the following input variables: male unemployment, car access, 
overcrowding, and social class. An alternative composite, the Townsend index 
(Townsend et al., 1988), was developed soon after, and incorporated census derived 
information on: unemployment, car access, overcrowding, and rented households. 
These were cross-sectional measures of deprivation, applicable to the specific cen-
sus time point (Norman, 2010). Underpinned by census data but using other sources 
as appropriate, deprivation indexes have also been developed in Australia, Canada, 
France, New Zealand, the US and elsewhere (Eroğlu, 2007; Bell et al., 2007; Havard 
et al., 2008; Pornet et al., 2012; Fu et al., 2015; Norman et al., 2016b).

A recent study by Lloyd et al. (2023a) considered deprivation via a time series 
of snapshots, but did not assess the ways in which deprivation changed within each 
neighbourhood across multiple time points. That is, trajectories of deprivation in 
each area were not captured. Similarly, in the majority of applications of depriva-
tion indices, measures only for some recent timepoint are used in analysing spatial 
trends, and for the purposes of resource allocation. Such approaches fail to acknowl-
edge that places may change their characteristics and that, sometimes, there may be 
very different deprivation histories for communities whose deprivation levels may 
be similar at a single time point. The challenges associated with tackling inequali-
ties in such areas may be quite distinct, and understanding deprivation trajectories is 
crucial when designing and implementing area-based interventions. The same long-
run area deprivation information is needed for understanding outcomes for individu-
als who have lived in different kinds of places over time (e.g. Jivraj et al., 2020 and 
Murray et al., 2021).
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This paper is part of a Nuffield Foundation project ‘Trajectories of Deprivation in 
the UK’,1 and this element of the research focuses on long-term deprivation trends 
using data from the censuses of England and Wales, at decadal intervals, from 1971 
to 2021 inclusive. We utilise the Townsend index, as this particular census-based 
measure incorporates sets of variables that can be accessed at each census from 
1971 to 2021, thereby enabling an exploration of deprivation trends across a long 
time period. This has many advantages, including the possibility of charting how 
areas which were subject to major industrial decline 50 or more years ago have fared 
in recent periods. Importantly, these explorations are facilitated by converting the 
geographical units used to report the data to make them consistent over time and 
using methods of measuring change in deprivation. This study builds on a body of 
previous research which shows how deprivation has changed in neighbourhoods 
across the UK (e.g., Norman & Darlington-Pollock, 2017; Norman, 2010, 2016). 
The end result enables a novel assessment of how deprivation has evolved across 
England and Wales over a lengthy period of time, and, crucially, how far deprivation 
has persisted or increased in some localities. We argue that this knowledge provides 
an important evidence base which should be built into schemes for tackling spatial 
inequalities. In categorising areas which have seen a decrease in deprivation as dis-
tinct from those areas where high deprivation is entrenched, the data outputs from 
this research have the potential to help shape local area interventions by identifying 
factors which might be associated with decreasing deprivation.

This paper first steps through an explanation of the measurement of deprivation 
from our earliest period, 1971, through to 2021 and then provides overview analyses 
of ‘Changing deprivation 1971 to 2021’. We are emulating the original Townsend 
scheme but are aware that the input variables are not without their critics in their 
relevance for different time points and geographical contexts (e.g. differences in 
deprivation in urban and rural areas). We return to these aspects in the Discussion 
section.

Measuring Deprivation: 1971 to 2021

Employing the Townsend Index as a measure of deprivation, we can capture change 
over time for local areas from 1971 to 2021 in England and Wales. The Townsend 
Index was originally devised using 1981 Census data but has been reproduced (for 
a variety of geographical small areas) using data from the 1971, 1981, 1991, 2001 
and 2011 Censuses (see, for example, Norman, 2010, 2016, 2017; Norman & Dar-
lington-Pollock, 2017). Here we further extend the time-series using the most recent 
2021 Census data.

To calculate a measure which tracks change over time in deprivation for small 
areas requires that:

1 https:// www. nuffi eldfo undat ion. org/ proje ct/ traje ctori es- of- depri vation- in- the- uk

https://www.nuffieldfoundation.org/project/trajectories-of-deprivation-in-the-uk
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• All input variables are available and have sufficiently similar definitions at each 
census time point;

• The geographies for which the data were originally released can be made com-
patible with common spatial units over time; and

• Once adjusted to consistent geographies, the raw data can be standardised and 
combined to a composite index so that a change in deprivation score has a mean-
ingful interpretation in terms of improving or worsening deprivation.

The use of census data meets these criteria. We discuss and illustrate these 
aspects below.

Input Variables to the Townsend Index

The Townsend Index focuses on ‘material’ deprivation which relates to the “lack of 
goods, services, resources, amenities and physical environment which are custom-
ary, or at least widely approved in the society under consideration” (Townsend et al., 
1988, p.36). Since these aspects are not directly measurable, four proxy indicators 
identified from the Census, on unemployment, car ownership, home ownership and 
household overcrowding, were selected by Townsend and colleagues.

The input variable definitions, and extracts explaining their inclusion from 
Townsend et al. (1988), are shown in Table 1. The relevant raw data are all avail-
able for small areas from the 1971 Census through to the most recent 2021 Census. 

Table 1  Input variables to the original Townsend Deprivation Index

Adapted from Townsend et al., (1988; pp. 36–7)

Indicator Reasoning

Unemployment “Unemployment … reflects a great deal more than 
lack of access to earned income and the facilities 
of employment, in that it carries implications 
for a general lack of material resources and the 
insecurity to which this gives rise.”

Percentage of economically active residents who are 
unemployed

Home ownership “Non-owner occupation reflects lack of wealth as 
well as income, and therefore … choice … in the 
housing market … Taken together [non-car and 
non-home ownership) offer a fairly good reflec-
tion of income levels in different areas.”

Percentage of private households not owner occu-
pied

Car ownership “The lack of a car is perhaps a more controversial 
choice, for it is not a clearcut and direct reflec-
tion of household or individual deprivation … 
However, a number of studies show that it is 
probably the best surrogate for current income.”

Percentage of private households who do not pos-
sess a car

Overcrowding “Overcrowding gives a more general guide to 
living circumstances and housing conditions … 
This overcrowding indicator also helps balance 
that on housing tenure, bearing in mind that … 
owner occupation by no means always represents 
substantial command of resources.”

Percentage of private households with more than 
one person per room
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The numerators and denominators for unemployment are derived from individual 
responses on the census forms, and for non-home ownership, car ownership and 
overcrowding from the household returns. The unemployment variable is effectively 
comparable over time but has minor differences in the age boundaries of economic 
activity. This is due to a younger school leaving age in 1971 (15, thereafter 16) and 
an upper limit in the census tables of age 59 (female) and 64 (male) rising to age 74 
in more recent censuses. The home ownership and car variables are consistent over 
time. We appraise differences in the overcrowding variable below.

Reproducing the Townsend Index over time necessitates appraisal of the over-
crowding measure for 2021. Counting total rooms in the household was required for 
the 1971, 1981, 1991 and 2001 Censuses. In 2011 there was a question about the 
number of rooms and an additional question specifically about the number of bed-
rooms. However, in the 2021 Census, respondents in England and Wales were not 
asked to count the number of rooms in the household: only the number of bedrooms. 
Thus, for the latest 2021 Census, it is not possible to calculate the percentage of 
households with more than one person per room.

The bedroom-based occupancy rating provides a measure of whether a house-
hold’s accommodation is overcrowded or under-occupied (ONS, 2023a, 2023b). A 
measure based on counting the number of bedrooms should be reliable since the 
census instructions on which rooms to count has varied over time (and between the 
UK’s constituent countries). A negative occupancy rating (-1 and -2) implies that a 
household has fewer bedrooms than the standard requirement based on the house-
hold’s demographic structure. Note that in 2021 the Valuation Office Agency (VOA) 
provided estimated counts of rooms by household which is available alongside the 
census counts. However, we prefer to use the bedroom occupancy measure since the 
VOA information may be subject to different biases to census respondent supplied 
information.

To determine the impact of different ‘household overcrowding’ measures for 
measuring deprivation and change over time using the Townsend Index, the previous 
‘more than one persons per room’ variables in 1991, 2001 and 2011 were compared 
with the bedroom occupancy variables in 2011 and 2021 (for simplicity excluding 
the 1971 and 1981 data). The appraisal here is for England and Wales, and with all 

Table 2  Correlations between measures of household overcrowding: England and Wales 1991 to 2021

Correlations ppr91 ppr01 ppr11 occ11min1 occ11min2 pprocc11 occ21min1 occ21min2

ppr91 0.840 0.765 0.745 0.765 0.775 0.679 0.724
ppr01 0.840 0.882 0.835 0.864 0.882 0.782 0.822
ppr11 0.765 0.882 0.915 0.945 0.979 0.849 0.912
occ11min1 0.745 0.835 0.915 0.989 0.974 0.796 0.916
occ11min2 0.765 0.864 0.945 0.989 0.992 0.835 0.927
pprocc11 0.775 0.882 0.979 0.974 0.992 0.852 0.933
occ21min1 0.679 0.782 0.849 0.796 0.835 0.852 0.898
occ21min2 0.724 0.822 0.912 0.916 0.927 0.933 0.898
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data converted from the previous census geographies to the 2021 Lower Super Out-
put Areas (LSOAs) (see below).

Table 2 shows strong positive correlations across the years and between the dif-
ferently defined measures indicating that the geography of household overcrowding 
is persistent, and the measures are sufficiently comparable. The variable names in 
bold are proposed to be included as overcrowding indicators in the calculation of 
comparable Townsend Scores over time. In 1991 and 2001 these are the standard 
‘more than one persons per room’ definition. In 2011 this is an average of persons 
per room and the combined negative bedroom occupancies (-1 and -2). In 2021 the 
variable comprises the negative bedroom occupancies. The rationale for the use of 
the average in 2011 is to alleviate possible discontinuities but also since this cor-
relates with the earlier and later censuses marginally more strongly than the single 
variables.

Variables prefixed ‘ppr’ are based on persons per room. Variables prefixed ‘occ’ 
are based on bedroom occupancy. The variable prefixed ‘pprocc’ is an average of the 
two definitions available in 2011. The suffixes min1 and min2 imply that a house-
hold has -1 and -2 fewer bedrooms than the standard requirement. All correlations 
are statistically significant (p < 0.05).

Creating a Set of Consistent Geographical Units

Having assessed the comparability of input variables and definitions over time, the 
issue of geographical unit comparability is next addressed. The geographical units 
used for the release of census data are different at each time point. This is due to 
variations in strategies for the geography of data collection and release. The latter 
is affected by the decisions on threshold counts of population and household and 
geographic scale with respect to the protection of personal confidentiality (Cock-
ings et al., 2011). Unless data are adjusted to a consistent set of zones, a time-series 
analysis will be hampered by any boundary changes (Norman et al., 2003).

The analytical units for the Townsend deprivation index over time are the Lower 
Super Output Areas (LSOAs) used for the release of the 2021 Census in England 
and Wales. The LSOAs are a statistical geography which has become a scale com-
monly used in deprivation applications (DCLG, 2015; Norman & Darlington-Pol-
lock, 2017). In 2021 there were 35,672 LSOAs in England and Wales which com-
prise between 997 and 9,898 persons (mean 1,671) and between 400 and 1980 
households (mean 695). We adjust the data from the previous censuses to this geog-
raphy so that the data and findings are relevant to a contemporary policy setting. We 
term the units of data release at previous time points as the ‘source’ geography and 
the 2021 LSOAs the ‘target’ geography. For the reliability of the conversions, we 
use units which are inherently smaller than the target geography. In 1971, 1981 and 
1991 these are termed Enumeration Districts (EDs) but are different zonal systems 
at each of these time points. For 2001 and 2011 we use the Output Area geography 
which nested into the LSOAs at each of those time points, but not necessarily in 
2021.
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The method of conversion is defined in Norman et  al. (2003) and used subse-
quently in Norman (2010, 2016) and in Lloyd et al. (2023a). We use the residential 
postcode centroid locations to connect the source units to the target zones using GIS 
point and polygon linkages. Since there will be partial overlaps between the bound-
ary systems in different census years, the postcodes which fall in the intersections 
are used to apportion the population counts from the source to target geographies. 
Conceptually, the method is a hybrid of areal interpolation (population distribution 
proxied by postcode distribution) and dasymetric mapping (postcode presence for 
where people live). The list of residential (i.e. not business premises) postcodes is 
defined to be as contemporary as possible with each census using the dates for when 
the postcode was ‘live’. As detailed in Norman and Riva (2012, p.489), this is feasi-
ble back to 1981, but not for 1971, and so the 1981 list is used in that case.

Figure  1 illustrates a geographic conversion scenario for the Roundhay area 
in Leeds, UK. Figure  1a shows the ‘source’ geography EDs which were used for 
the dissemination of the 1981 Census. Figure 1c shows the 2021 LSOAs, the tar-
get geography to which all data need to be adjusted. The ED and LSOA polygons 
have effectively no correspondence. Figure 1b illustrates both the postcode distribu-
tion (point location symbols weighted by address counts) over an Open Street Map 
(https:// www. opens treet map. org/) background. The postcode locations are associ-
ated with the residential areas, with very few in the area of Roundhay Park.

Table 3a has an extract from the GIS spatial join linked postcode locations which 
includes the source 1981 ED and target 2021 LSOA with which each postcode is 
associated, along with the number of addresses at each postcode. The number of 
postcodes and addresses are then summed for the intersections of the ED and LSOA 
polygons and also summed across the EDs. Dividing the intersection count by the 
total count in the ED gives the proportion of the raw population data which would 
be allocated to the target LSOA. Taking the first two rows on Table 3b as an exam-
ple, for ED 08DAD03, ~ 0.27 of a population count will be apportioned to LSOA 
E01011650 and ~ 0.73 to LSOA E01011651. Table  3c lists the 1981 EDs which 
each contribute to E01011650 and those EDs to E01011651. The apportioned ED / 
LSOA intersection populations would be summed for these LSOAs.

Calculating Deprivation Change Over Time

As a composite measure of deprivation, the Townsend Index is the unweighted 
sum of the standardised (using z scores) percentages of unemployment (natural 
log, to account for the skewness in unemployment percentages), car ownership, 
home ownership and household overcrowding (natural log, again to account for 
skewness). The original version and calculations for other individual census years 
and geographies are cross-sectional measures of deprivation, applicable to the 
census year of the input variables. Crucially, a change in index score (or quan-
tile) between censuses cannot be interpreted as an absolute change in deprivation 
because the cross-section measures are time point specific. Time comparable ver-
sions of the Townsend Index were developed in Norman (2010) to assess change 
between 1991 and 2001 (UK coverage), and later extended in time to cover each 

https://www.openstreetmap.org/
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census from 1971 to 2011 (GB coverage) (Norman, 2016; Norman & Darlington-
Pollock, 2017). An equivalent method has been applied to the Carstairs Depriva-
tion Index for Scotland for 1981 to 2011 (Exeter et al., 2019).

Using the same two LSOAs in Roundhay, Leeds, as used to illustrate geo-
graphic data conversion (Fig.  1 / Table  3), Table  4 displays percentages of 
non-home ownership at each census from 1971 to 2021. For the cross-sectional 
standardisation to a z score in 1971, the mean across all LSOAs in England and 
Wales areas (48.44%) is subtracted from the observation (for the first LSOA here, 
47.68%) and divided by the standard deviation (SD) for all LSOAs (26.31). The 
resulting score is -0.03. Negative z scores are for values which are lower than the 
national (England and Wales) average and positive z scores for those which are 
higher. E01011650 is very close to the mean. E01011651 at 27.54% is well below 
the national average, so the resulting z score is further from zero at -0.79. All 
the other ‘cross-sectional’ z scores are calculated accordingly. The difficulty with 
these cross-sectional values is that one year cannot be compared with another in 
a meaningful way. In E01011650, non-home ownership increased between 2001 
and 2011 from 14.91% to 19.33%. However, the z scores (-0.79) remained the 
same because the national average also rose.

To overcome this issue, in the ‘Whole Time Period’ part of Table 4, the mean 
and standard deviation values are for all areas across all time points. The average 
non-home ownership over the six censuses was 37.77% and the standard deviation 
was 23.73. These are then used as inputs for the z score calculations with each of 
the percentages for the individual LSOAs results in scores which are comparable 
across space and time. For E01011650, in 1971, with non-home ownership above 
the average for the whole time period, the z score is positive, which then reduces 
by 1981 as the percentage non-home ownership reduced relative to the national 
average. Contrary to the counter-intuitive cross-sectional measures, in 2001 and 
2011, the z scores for E01011650 move closer to zero as the percentages of non-
home ownership rise.

Using this approach, for each LSOA and census year, the percentages of non-
home ownership and no car and the log transformed percentages of unemployment 
and overcrowding have had time comparable z scores calculated across the six cen-
suses. These are then summed, unweighted (as is standard for the Townsend meas-
ure), to a final deprivation score. The areas with higher levels of deprivation have 
scores which are positive, with negative scores representing areas with lower levels 
of deprivation. Since the scores are comparable over time, if the scores are reducing, 
then the area is becoming less deprived (and vice versa).

Many applications use the continuous scores categorised into quantiles (see 
Norman et  al., 2023). We categorise the deprivation scores into quintiles such 
that the cut-offs partition the scores into groups of equal population size. Here 
LSOAs in quintile 1 are the least deprived areas and those in quintile 5 are the 
most deprived. Over time if an area changes quintile, then the logical interpreta-
tion can be made as to whether areas have become more or less deprived.

Fig. 1  Linking source and target geographies: examples from Roundhay, Leeds, UK ▸
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a) 1981 Enumeration Districts

b) Postcode distribution weighted by address counts

c) 2021 Lower layer Super Output Areas
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Table 3  Extracts of postcode links and calculation of conversion weights, Roundhay, Leeds, UK

A) Postcode location linked to source and target geographies
Postcode Addresses a teach 

Postcode
1981 ED Code 2021 LSOA Code 2021 LSOA

Name
LS8 2EQ 10 08DABD03 E01011650 Leeds 020A
LS8 2FD 46 08DABD03 E01011651 Leeds 020B
LS8 2HG 16 08DABD03 E01011650 Leeds 020A
LS8 2HQ 17 08DABD03 E01011650 Leeds 020A
LS8 2ET 22 08DABD06 E01011653 Leeds 020C
LS8 2EX 15 08DABD06 E01011650 Leeds 020A
LS8 2EY 17 08DABD06 E01011653 Leeds 020C
LS8 2EZ 25 08DABD06 E01011653 Leeds 020C
LS8 2HA 16 08DABD06 E01011653 Leeds 020C
LS8 2HB 21 08DABD06 E01011653 Leeds 020C
LS8 2HD 4 08DABD06 E01011653 Leeds 020C
LS8 2HE 11 08DABD06 E01011650 Leeds 020A
B) Conversion weights from source to target geographies
1981 ED
Code

2021 LSOA Code 2021 LSOA
Name

Addresses in
Intersection

Total Addresses
in ED

Propor-
tion of 
Addresses 
in Over-
lap

08DABD03 E01011650 Leeds 020A 65 240 0.2708
08DABD03 E01011651 Leeds 020B 175 240 0.7292
08DABD04 E01011651 Leeds 020B 68 185 0.3676
08DABD04 E01011652 Leeds 024C 117 185 0.6324
08DABD05 E01011650 Leeds 020A 122 175 0.6971
08DABD05 E01011651 Leeds 020B 53 175 0.3029
08DABD06 E01011650 Leeds 020A 61 250 0.2440
08DABD06 E01011653 Leeds 020C 189 250 0.7560
08DABD07 E01011650 Leeds 020A 57 221 0.2579
08DABD07 E01011651 Leeds 020B 16 221 0.0724
08DABD07 E01011652 Leeds 024C 28 221 0.1267
08DABD07 E01011653 Leeds 020C 120 221 0.5430
C) Constituent (part) source units contributing to target areas
1981 ED
Code

2021 LSOA
Code

2021 LSOA
Name

Addresses in
Intersection

Total Addresses
in ED

Propor-
tion of 
Addresses 
in Over-
lap

08DABD01 E01011650 Leeds 020A 25 236 0.1059
08DABD02 E01011650 Leeds 020A 111 237 0.4684
08DABD03 E01011650 Leeds 020A 65 240 0.2708
08DABD05 E01011650 Leeds 020A 122 175 0.6971
08DABD06 E01011650 Leeds 020A 61 250 0.2440
08DABD07 E01011650 Leeds 020A 57 221 0.2579
08DABD22 E01011650 Leeds 020A 35 261 0.1341
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Using the same approach as Exeter et  al. (2019), in addition to using quin-
tiles, we also cluster areas into groups using k means classification using the z 
scores of each input variable. This results in five categories of LSOAs represent-
ing areas which were over the time period 1971 to 2021 in different depriva-
tion trajectory groups. We provide further details about this classification in the 
analysis below.

Note that for this time-series of scores, quintiles and trajectory categories, 
if an area had a population of fewer than 100 people (as in both the original 
versions of the Townsend and Carstairs indexes), then it is excluded from any 
calculation for that time point. This may be the case where areas with small or 
no persons present at previous censuses may subsequently have been developed 
with residential housing. Some areas may previously have been populated but 
then the housing has been demolished and then redeveloped so the time series of 
census data is interrupted.

Table 3  (continued)

08DABD23 E01011650 Leeds 020A 143 145 0.9862
08DABD01 E01011651 Leeds 020B 211 236 0.8941
08DABD02 E01011651 Leeds 020B 126 237 0.5316
08DABD03 E01011651 Leeds 020B 175 240 0.7292
08DABD04 E01011651 Leeds 020B 68 185 0.3676
08DABD05 E01011651 Leeds 020B 53 175 0.3029
08DABD07 E01011651 Leeds 020B 16 221 0.0724

Table 4  Calculation of cross-sectional and time comparable z scores, LSOAs in Roundhay, Leeds, UK

Non-Home Ownership
Percentages 1971 1981 1991 2001 2011 2021
E01011650 47.68 35.80 27.26 14.91 19.33 19.87
E01011651 27.54 31.12 25.63 33.17 37.30 34.12
Cross-sectional
Mean 48.44 41.08 31.39 31.33 35.67 37.72
Standard Deviation 26.31 26.35 21.65 20.90 20.60 20.52
Z Scores: Year Specific
E01011650 -0.03 -0.20 -0.19 -0.79 -0.79 -0.87
E01011651 -0.79 -0.38 -0.27  + 0.09  + 0.08 -0.18
Whole Time Period
Mean 37.77

23.73Standard Deviation
Z Scores: Comparable Over Time
E01011650  + 0.42 -0.08 -0.44 -0.96 -0.78 -0.75
E01011651 -0.43 -0.28 -0.51 -0.19 -0.02 -0.15
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Changing Deprivation 1971 to 2021

In this section we first provide summaries of the change in Townsend Scores over 
a 50-year period spanning between1971 to 2021, along with the changes in levels 
of the four input variables. We then present mapped distributions of deprivation in 
1971 and 2021 which are used to highlight spatial trends over time. We present the 
deprivation trajectories along with the trends of the input variables within each cat-
egory. Finally, we use the ONS Supergroups Classification of Local Authorities to 
show how the deprivation trajectories differ across these area types.

Figure  2 shows that, on average, across all LSOAs in England and Wales, 
deprivation as measured by the composite Townsend Index decreased from 
1971 through to 2001, before rising by 2011, and then falling again by 2021. 
The averages of the input variables do not, however, necessarily all move in 
the same direction. Across LSOAs in England and Wales, unemployment rises 
between 1971 and 1981 and remains relatively high in 1991 before falling rela-
tively sharply between 1991 and 2001, and then more steadily in the subsequent 

Fig. 2  Mean Townsend Scores 
and Input Variables: 1971—
2021

a) National and Regional Context b) Deprivation in 1971 c) Deprivation in 2021

Note: The cartograms in panels b and c are based on the square root of each LSOA’s area. In the cartogram, the size of urban and rural areas are scaled up 
and down respectively (see Lloyd et al., 2023b p. 465 for more details).

Fig. 3  Townsend Deprivation by Lower Super Output Areas: England and Wales 1971 and 2021. Note: 
The cartograms in panels b and c are based on the square root of each LSOA’s area. In the cartogram, the 
size of urban and rural areas are scaled up and down respectively (see Lloyd et al., 2023a p. 465 for more 
details)
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two decades. On the contrary, levels of non-home ownership fell dramatically 
between 1971 and 1991, with little change to 2001, before rising through 2011 
and 2021. Both the no car measure and the household overcrowding measure 
decreased between 1971 and 2011 but, whilst lack of access to a car continues to 
fall to 2021, percentage overcrowding increases between 2001 and 2021.

Figure  3 maps levels of deprivation (Townsend index quintiles) for LSOAs 
expressed relative to the whole period 1971 to 2021 – thus, the number of LSOAs 
in each quintile is not the same in the two maps. In 1971, the most deprived areas 
are concentrated in the major urban centres of, for example, London, Birming-
ham, Manchester and Liverpool, and in the old industrial and coalfield areas 
such as south Wales, the North-East and south Yorkshire (Fig.  3b). In 1971, 
there are relatively deprived areas in both rural and coastal locations. By 2021 
(Fig. 3c), underpinned by the changes in input variables noted above, there is an 
urban – rural contrast in levels of deprivation. In the main urban areas, relatively 
high deprivation has persisted, but the old industrial and coalfield areas are not 
as deprived as in 1971. Apart from some pockets of deprivation, more rural and 
coastal areas are also less deprived. Figure  1A in the Supplementary Materials 

Table 5  Correlations of 
Townsend Scores between 
Censuses 1971 to 2021

All correlations are statistically significant (p < 0.05)

Correlations 1971 1981 1991 2001 2011 2021

1971 0.891 0.843 0.793 0.757 0.706
1981 0.891 0.939 0.890 0.853 0.801
1991 0.843 0.939 0.944 0.918 0.876
2001 0.793 0.890 0.944 0.955 0.917
2011 0.757 0.853 0.918 0.955 0.968
2021 0.706 0.801 0.876 0.917 0.968

Table 6  Crosstabulation of 
Deprivation Quintiles in 1971 
and 2021

Q1 is the least deprived quintile for the year in question, while Q5 is 
the most deprived quintile for the year in question. There are 35,672 
LSOAs in 2021 but 366 LSOAs (~ 1%) are excluded from the cross-
tabulations since these areas had populations of fewer than 100 in 
1971 (as noted above)

2021

Quintiles Q1 Q2 Q3 Q4 Q5 Total

1971 Q1 1,220 217 64 14 7 1,522
Q2 3,192 1,081 392 132 20 4,817
Q3 4,285 2,627 1,162 516 89 8,679
Q4 2,104 2,779 2,703 1,816 548 9,950
Q5 447 829 1,941 3,614 3,507 10,338
Total 11,248 7,533 6,262 6,092 4,171 35,306
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(SM) presents maps of deprivation for each census year from 1971 to 2021 and 
therefore the changes at 10-year intervals between the maps in Figs. 3b and 3c.

To determine the degree to which the geographic distribution of deprivation is 
similar over time, Table  5 reports the correlations between deprivation scores at 
each time point. These correlations are strongest between any successive pairs of 
censuses (greater than 0.8 in most cases) but despite a 50 year time difference, the 
correlation between deprivation in 1971 and in 2021 is 0.706. These correlations 
indicate that the spatial distribution of deprivation is largely entrenched (and see 
Norman et al., 2022).

To also evidence the extent of change in deprivation, Table 6 is a crosstabulation 
of deprivation quintiles in 1971 and in 2021 which shows counts of LSOAs fall-
ing in the specific combination of quintiles for these years. LSOAs which were in 
the same quintiles of deprivation in both years are recorded on the leading diagonal 
of the table (e.g. 1,220 LSOAs were in the least deprived quintile 1 in both 1971 
and 2021). The 8,786 LSOAs in the same quintile in 1971 and 2021 comprise ~ 25% 
of the total number of areas (35,306). LSOAs below the diagonal are less deprived 
in 2021 and are the majority (69%). 6% of the LSOAs fall above the diagonal and 
are areas which became more deprived over time. This ‘start: end’ crosstabulation, 
which accounts only for deprivation in 1971 and 2021, does not account for any 
changes in quintile of deprivation between the intervening censuses.

Using the equivalent approach as in Table 6 and producing crosstabulations of 
quintiles between successive censuses can be useful to present changes in depriva-
tion over time. Yet the crosstabulations between six censuses and the (5 × 5) quin-
tiles of deprivation for each generates a cumbersome amount of data. Similarly to 
Exeter et al. (2019), we therefore cluster the time series of LSOAs into trajectories 
of deprivation using k-means classification of the four input variables. These group-
ings into deprivation trajectories make the trends easier to interpret. This approach 
accounts for the complex ways in which sets of LSOAs change which are impossible 
to capture using sets of crosstabulations each comparing two time points.

Figure 4 illustrates the deprivation trajectories of the mean Townsend scores 
for the five categories. Clearly, there is a range of levels of deprivation over 
time and, for four of the five categories, change over time is almost in paral-
lel to the national trend in Fig. 2. The least deprived LSOAs are grouped into a 

Townsend Index Trajectory Categories

Fig. 4  Changing deprivation by various trajectories: 1971 – 2021 England and Wales
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‘Persistently Not Deprived’ cluster. A somewhat ‘Less Deprived’ group started 
the time period in 1971 on average just above zero (so slightly deprived rela-
tive to the six censuses) but, by 1991, was clearly below the average. A group 
of LSOAs has Townsend scores above zero and is labelled here as ‘Moderately 
Deprived’ although the level of deprivation decreases over the fifty year period. 
The highest level of deprivation, though with an improvement, is for a cluster of 
LSOAs which are ‘Persistently Deprived’. A group of LSOAs has a rather dif-
ferent trend since these are deprived in 1971 and 1981 but below the level of the 
‘Moderately Deprived’ group. After 2001, this cluster of LSOAs has increasing 
levels of deprivation and is thereby labelled a ‘Worsening Deprivation’ trajectory 
group. This is a relatively small group of LSOAs (2,319; 7%) compared with the 
others: Persistently Deprived (12%), Moderately Deprived (19%), Less Deprived 
(29%) and Persistently Not Deprived (34%). Due to areas having populations 

a) Unemployment b) Non Home Owners

c) No Car d) Overcrowded

Fig. 5  Changing input variable trajectories: 1971 – 2021 England and Wales
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fewer than 100 in some census years, 847 (2.4%) LSOAs are excluded from the 
trajectory categories.

Figure 5 shows the trends in the means of the input variables by the trajectory 
groups. For unemployment (Fig. 5a), all groups follow similar trends, with 1981 
and 1991 being higher than the other census years. The Persistently Deprived 
and Worsening Deprivation groups have, on average, higher unemployment in 
1991 than in 1981. All trajectory categories have levels of non-home ownership 
(Fig. 5b), in parallel with the national mean across time, apart from the Worsen-
ing Deprivation group which sees non-home ownership rise steadily from 1991 
onwards. Although there are minor variations in trends for Persistently Deprived 
and Worsening Deprivation areas between 2001 and 2011, all groups see a steady 
fall in levels of no car access over time.

Fig. 6  Deprivation Trajectories: LSOAs in England and Wales 1971 to 2021
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Differences in trends for household overcrowding are more marked. Figure  5d 
shows that for three categories – Moderately Deprived, Less Deprived and Persis-
tently Not Deprived – there is a flattened U-shape, with mean rates falling from 1971 
to 2001 but then rising by 2021 to rates similar to 1981. Although there are also falls 
in rates of overcrowding for the Persistently Deprived and Worsening Deprivation 
areas from 1971 to 1991, there are rises in the latter group between 1991 and 2001, 
to have rates above the former, and for both groups there are then substantial rises in 
household overcrowding through to 2021.

The mapped distribution of the trajectories (Fig.  6) shows that the Persistently 
Deprived areas are concentrated within the major urban areas of England and Wales. 
The areas with Worsening Deprivation trajectories tend to be in more suburban 
areas (such as the outer London Boroughs), largely driven by the observed increased 
in overcrowding. The Moderately Deprived areas are mainly located in the former 
industrial and coalfield areas. Urban coastal areas tend to be in the deprived trajec-
tory, with both coastal and inland rural areas predominantly in the Less Deprived 
and Persistently Not Deprived categories.

To explore whether the deprivation trajectories vary by different geographi-
cal contexts, we utilise the ONS Supergroups Classification of Local Authorities 
(Fig. 2SM). This particular classification has relevance because it includes types of 
areas which are likely to relate to different levels of deprivation, e.g. ‘Mining and 
Manufacturing’ areas and ‘Prospering UK’. For these and the ‘Coastal and Country-
side’ and ‘London’ areas, we have noted above observations of different deprivation 
levels and trends. The Supergroups were based on 2001 Census data and thereby 
represent a time point part way through our 50 year time-series. Although we are 
investigating change in deprivation here across a static classification, most areas 
have reasonable geodemographic stability (McLachlan & Norman, 2021) especially 
at local authority level.

The mean Townsend Scores across the Supergroups are illustrated in Fig. 7. The 
‘London’ categories have the highest levels of deprivation in 2021. Prior to this, 
deprivation levels within the London Cosmopolitan and London Centre were con-
tinuously relatively high compared with other area types. The London Suburbs cat-
egory has seen a marked rise in deprivation from 2001; previous research has shown 
that this change was driven by increased overcrowding (Lloyd et al., 2023a), which 
corresponds with our findings shown in Fig.  5d. The other area types have seen 

Fig. 7  ONS Supergroups Clas-
sification of Local Authorities, 
Townsend Scores 1971 to 2021
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decreasing deprivation since 1971, although all experienced a rise between 2001 
and 2011, before improvements by 2021.

It is important to note that the mean Townsend Scores by Supergroup may 
mask variation by deprivation trajectories within area types. (Table 1SM shows the 

a) London Centre b) London Cosmopolitan

c) London Suburbs d) Cities and Services

e) Mining and Manufacturing f) Coastal and Countryside

g) Prosperous UK

Fig. 8  Deprivation trajectories 1971 to 2021 within each ONS Supergroup
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distribution of the deprivation trajectories within each Supergroup type.) Therefore, 
Fig.  8 illustrates the deprivation trajectories by Townsend scores for each of the 
seven Supergroups. For the three London Supergroups, ‘Centre’ is distinctive by the 
Persistently Non-Deprived LSOAs increasing throughout the whole 50 year period, 
whereas for ‘Cosmopolitan’ and ‘Suburbs’ this deprivation category has decreas-
ing Townsend Scores over time. Although there are minor variations, the mean 
Townsend Scores for the trajectories are very similar in all the other Supergroup 
types outside of London.

Discussion

For several decades, the Townsend Index has had widespread use in public health, 
epidemiology, regeneration and population geography (e.g. Adams et  al., 2005; 
Higgs et al., 1998). In this paper, we have emulated the Townsend Index of ‘mate-
rial’ deprivation for the six censuses from 1971 to 2021 to create a resource which 
can be used in a variety of research settings whether, for example, area based analy-
ses of drivers and consequences of change, or for the modelling of outcomes for 
individuals as influenced by the types of places in which they have been living 
throughout their lives.

The input variables on unemployment, non-home ownership, lack of a car and 
household overcrowding, as originally justified by Townsend and colleagues 
(1988), can be obtained from each census from 1971 to 2021 at small area level and 
their definitions are fairly consistent. There are minor variations in the age range 
for which unemployment can be obtained which might affect differences in rates 
between censuses and comparability of unemployment over time but the overcrowd-
ing variable is not available in 2021 consistent with previous definitions. We have 
adjusted all data from the previous censuses to the 2021 version of the Lower Super 
Output areas (LSOAs) so that the 50 year deprivation history of areas can have con-
temporary relevance by enabling direct links to data for the most recent time point. 
This paper builds on previous work (e.g. Norman, 2016; Norman & Darlington-Pol-
lock, 2017) which calculated deprivation measures which are comparable over time, 
for the census geographies relevant to previous time points.

On average, areas are less deprived in 2021 than in 1971. However, the trajecto-
ries of the input variables and of overall deprivation are not linear. The earlier dec-
ades are distinctive in rapid falls in non-home ownership and lack of car access but 
rises and falls in unemployment. The more recent decades have seen rises in non-
home ownership and household overcrowding. Based on shared patterns of change, 
the LSOAs have been grouped into five clusters of LSOAs with similar deprivation 
trajectories over time. Four of these clusters have distinctly different levels of (lack 
of) deprivation but the changes over time for these groups are almost in parallel. The 
other group has experienced increasing levels of deprivation, particularly after 2001, 
largely associated with increasing non-home ownership and overcrowding.

Geographically, there has been a shift from a widespread level of deprivation, 
including in more rural areas in 1971, to being more concentrated in urban areas in 
the 21st Century. There is a distinctive improvement in deprivation for old industrial 
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and coalfield areas (see Sinnett & Norman, 2024) and although this also appears to 
be the case for ‘Countryside and Coastal’ areas, visually this appears to be a mixed 
picture which is consistent with the case up to 2011 (Norman et al., 2022). London 
stands out for having relatively high levels of deprivation, including a relatively high 
proportion of LSOAs with a ‘Worsening Deprivation’ trajectory; itself consistent 
with the ‘suburbanisation of poverty’ (Bailey & Minton, 2018).

Although we are reproducing the scheme as closely as possible, we are aware of 
pros and cons of the individual input variables and the resulting composite index. 
For example, unemployment is ubiquitous for its inclusion in deprivation meas-
ures (Senior, 2002; Haynes et  al., 1996). Non-home ownership may be refined if 
restricted to residents in social housing (Allik et  al., 2020). Rather than being a 
proxy for income, car ownership might relate to accessibility issues and thereby lead 
to urban – rural biases (Bertin et al., 2014; Christie & Fone, 2003; Higgs & White, 
2000; Martin et al., 2000), and decreases in car ownership could also partly reflect 
environmentally-motivated trends. For future work, there may be merit in compar-
ing our current outputs with a scheme which excludes the car ownership variable (as 
in Exeter et al., 2007). Finally, the census itself is a ‘gold standard’ source provid-
ing comparable input variables and geographies (with adjustments, as demonstrated 
in this paper) and for crosstabulated variables which provide greater insights into 
the characteristics of deprived populations (e.g., see Lloyd et al., 2023a). However, 
there may still be geographical biases since respondents in more deprived areas may 
be less likely to respond to the requirement for their information (Norman et  al., 
2017).

We acknowledge the possibility that the rises in household overcrowding in 
recent censuses, as reported above, are due to the switch from a persons per room 
to a bedroom occupancy measure. As a check on this, the number of persons and 
number of households in each LSOA can be used, as a crude proxy, to calculate an 
overall ratio of persons per household (PPH). This ratio can then be used to assess 
population density changes at household level. Figure  9a illustrates persons and 
households aggregated across the deprivation quintiles and Fig. 9b across the dep-
rivation trajectories. In the ‘moderately deprived’ category and quintiles 4 and 5, 
there are increases in PPH after 2001 and for the Persistently Deprived and Wors-
ening Deprivation trajectory rises too. For the latter, prior to the increases, there 

a) Deprivation Quintiles b) Deprivation Trajectories

Fig. 9  Persons per Household: 1971 – 2021 England and Wales
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was a stalling in the previous falls in PPH from 1991 to 2001. Although the change 
of overcrowding measure will have impacted to an extent on the comparability of 
our measure of deprivation, this persons per household measure also indicates that 
population densities at a household level are increasing in relatively deprived loca-
tions. These findings are consistent with Lloyd and Gleeson (2022), who observed 
marked increases in overcrowding in outer London between 1971 and 2011 (and 
subsequently used a persons per dwellings measure), and increases in the percentage 
of households overcrowded in the majority of regions, and in England as a whole 
between 2001 and 2011.

As a cross-sectional measure of deprivation, the Townsend Index has to a large 
extent been superseded in the UK by the Indexes of Multiple Deprivation (IMDs) 
(Noble et al., 2006). The IMDs include a range of deprivation domains which cover 
a broader range of topics of contemporary relevance compared with the Townsend 
scheme. These topics are informed by the use of administrative data on a diverse 
range of characteristics which are not included in the census (for example, health 
conditions and crime). Moreover, these administrative sources are available at a 
much finer temporal granularity (often at least yearly) than is offered by the UK’s 
decadal census. These indices have been periodically produced, separately for each 
of the four UK nations (whereas the Townsend scheme can be calculated across the 
countries).

Despite its various strengths, using the IMD for the measurement of deprivation 
change over time and concurrently for multiple UK constituent countries is more 
challenging than for a census-based measure. There are various data types and 
measures within the published IMD data (e.g. ranks, composites, non-ratio varia-
bles), the years of release across the UK are different and the year of publication is 
not necessarily the same as the input administrative data and the different countries 
have context relevant indicators within some domains. Along with different years 
of release, this means that cross-country comparisons are less than ideal (Morelli 
& Seaman, 2007) although adjustments can be applied (Abel et al., 2016). Despite 
differences in the detail of the various measures of deprivation, strong correlations 
between schemes have invariably been found (Ajebon & Norman, 2016; D’Silva 
& Norman, 2015; Hoare, 2003; Mackenzie et al., 1998; Morris & Carstairs, 1991). 
ONS (2023a, 2023b) have released a household-based deprivation measure along 
with the 2021 Census outputs. Households are classified on how many adverse char-
acteristics relating to education, employment, health and housing attributes were 
present. The 2021 Townsend Scores are positively correlated with the ONS meas-
ure (2 or more dimensions present) (correlation coefficient of 0.712) as are each of 
the inputs: unemployment (0.691), non-home ownership (0.677), no car (0.618) and 
overcrowding (0.519).

The great advantage of using the Townsend Index to track deprivation over 
time is that deprivation can be calculated for a consistent local level geography 
using a comparable measure with variables obtained from the census, the most 
reliable data source. Some might argue that the slight change in meaning, defi-
nition, and specific details of the Townsend input variables leads to geographi-
cal biases. However, emulating an index which is known and has a track record 
of use will allow comparison with any new census-based scheme for assessing 
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changing deprivation over time. For example, for 1971 to 2021, there is poten-
tial for a composite of unemployment, public housing, lack of education and low 
quality employment (though definitions of the latter two aspects are inconsistent) 
to consider where there are differences. Other potential approaches could follow 
the geodemographic classification framework of Singleton and Longley (2015), 
calculating a London only measure, and another measure for the rest of England 
and Wales.

There are various extensions we are planning for this work. Firstly, we will 
extend the coverage to include Northern Ireland and Scotland (although there will 
be the challenge of including the Census which was taken in 2022 in Scotland). We 
will also explore further ways of grouping areas into trajectories. The classifica-
tion approach employed here does not explicitly account for time sequences, and it 
takes a set of four variables for each time point treating them as independent of one 
another. Future work will assess the use of longitudinal methods which explicitly 
account for the sequence of the observations (e.g., McNicholas & Murphy, 2010; 
Patias et al., 2022)). We also need to consider how to analyse areas which had sparse 
populations at one or more census time points. Although a long-term administrative 
data based measure cannot be back-dated equivalently in time we will seek to link 
the very long-term trajectories observed here with separate trajectories constructed 
using the IMDs and other data sources including benefits claimant count data.

Conclusions

Whether areas become more or less deprived over time has previously been dem-
onstrated to relate to the impact of net-migration on population size (Norman et al., 
2016b), to variations in cancer incidence and survival (Basta et  al., 2014; Blakey 
et al., 2014; McNally et al., 2012, 2014a, 2014b; 2015), to mortality (Exeter et al., 
2011; Norman et  al., 2011) and to environmental inequities (Mitchell & Norman, 
2012; Mitchell et  al., 2015). The general patterns indicate that, as areas become 
less deprived over time, good health and other benefits accrue and vice versa. If 
change in specific places can be temporally tracked, then the effect of a policy such 
as regeneration can be assessed for its success.

The Townsend Index for a contemporary geography and with a deprivation meas-
ure which is comparable over time provides novel insights into long-term depriva-
tion trends. The data resources can be used for specific place-based analyses and so 
that individual records can be linked to assess how life course trajectories relate to 
area deprivation trajectories (updating, for example, cohort studies by Jivraj et al., 
2021; Murray et al., 2021; Norman et al., 2005). We will extend the work to have a 
full UK coverage, experiment with further trajectory measures and will also investi-
gate case studies of various local authority districts.
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