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Abstract

This study considers the impact of the COVID-19 pandemic on sub-national housing markets in

Wales, focusing on the contribution of environmental and productivity attributes on house price

change. Using a hybrid hedonic/repeat sales framework, we examine trends before, during, and after

the pandemic. Initially, higher-quality environmental and productivity attributes were associated
with a positive premium in price growth, while lower quality attributes were associated with a

negative premium. However, during the pandemic’s second phase, these effects reversed but

positive premiums for higher-quality attributes did not fully unwind during the transition to less

acute phases of the pandemic. When we disaggregate the analysis for the urban-rural gradient, we

find that both contexts placed a premium on high quality environmental housing, but lower quality

productivity attributes negatively affected urban areas. The contribution of the study lies in revealing

the complex, evolving and unequal relationship between the COVID-19 pandemic, housing

preferences, and prices that, in our study context, have been subject to much conjecture but with
little empirical investigation.
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Introduction: COVID-19 and changing residential

locational preferences

It is widely recognised that globally the COVID-19 pandemic led to significant changes to mobility,

sociability, and employment. A growing body of literature has explored impacts on housing systems

and behaviours with the pandemic acting as a natural experiment to assess the changes to the

meaning and functions of our homes (Ahrend et al., 2022; Gallent andMadeddu, 2021; Huang et al.,

2022; Parsell and Pawson, 2023; Pawson et al., 2022). With the implementation of ‘stay at home’

orders, housing assumed a newly critical role in safeguarding against virus transmission, while also

serving multiple and diverse functions for different household members (Nanda et al., 2021; Preece

et al., 2023).

Here the pandemic made visible, and in some cases intensified, a range of inequalities in in-

dividual housing outcomes, whether relating to amenity, space, conditions and quality, and lo-

cational effects (Parsell and Pawson, 2023; Preece et al., 2021, 2023). This recognition has

prompted debate about the extent to which our homes met household needs and preferences during

the pandemic and post-pandemic periods (Parsell and Pawson, 2023). This reflective process also

created knock-on effects, such that ‘…the pandemic appears to have brought about a major change

in tastes, with significant ramifications for house prices’ (Pawson et al., 2022: 88).

The severity and length of ‘stay at home’ orders (or ‘lockdowns’) varied among countries and

even within cities. Countries like the UK and Italy were heavily affected early on, while others like

Australia, New Zealand, and Japan experienced lighter impacts initially. Over time, the lockdown

restrictions and conditions fluctuated with waves of infection, new variants, and vaccination efforts.

The changes in daily life caused by the pandemic were expected to have lasting effects on housing

preferences, particularly in terms of work organisation, impacting both commercial and residential

property markets (Guglielminetti et al., 2021: 7).

Here some have predicted ‘…a radical and structural change in housing demand’ in the future

(De Toro et al., 2021: 2) based on ‘the new utility of housing’ (Gallent andMadeddu, 2021). Indeed,

housing markets internationally underwent considerable and rapid changes during the pandemic.

Initially there were predictions of substantial decreases in house prices, but emergency income

support measures and stimulatory monetary policies were implemented to varying extents in

Europe, North America, and the Asia Pacific regions. As a result, house prices experienced a

significant boom globally, with several complex housing market patterns emerging. People moved

from city centres to suburbs or rural areas, and neighbourhood centres adapted to accommodate

increased leisure and consumption demands due to widespread remote working for some groups.

Additionally, there was a notable return of overseas workers and international students to their home

countries, leading to repercussions in housing markets and different sectors within them. Later

stages of the pandemic witnessed increased demand for properties and markets suitable for remote

work, escaping lockdowns, and lifestyle preferences (Bank of England, 2021; Office for National

Statistics, 2021a; Pawson et al., 2022; Savills, 2020).

Set against this context, it is well known that house prices are conditioned by certain structural

features of the property and the quality and accessibility of locational amenities (Leishman, 2009).

While overall the pandemic may have heightened the significance of these positive externalities

(Savills, 2020), impacts are likely to vary across different countries, regions, and housing markets.

For example, policy interventions are understood to have contributed to increased housing market

activity and prices in some areas (Gallent and Madeddu, 2021), with the UK stamp duty holiday, for

instance, benefiting ‘second-steppers’ moving to larger homes (Judge and Pacitti, 2021).

The severity of ‘stay at home’ orders and pandemic restrictions also likely influenced demand. In

countries and cities heavily affected by restrictions, it is speculated that the pandemic intensified the

desirability of features like residential location outside urban centres, proximity to green or open
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spaces, private green spaces, walkable neighbourhoods, home study or workspace, and digital

connectivity (Ahrend et al., 2022; Batty, 2020; Pawson et al., 2022; Savills, 2020). Despite the

potential for significant impacts, there has been limited empirical evidence of the behavioural and

structural shifts in specific markets over time, or of how COVID potentially impacted housing

systems unevenly in terms of urban-rural or regional context.

At the same time, during the initial pandemic period, there was debate over whether COVID

signalled ‘the end of cities’ (Brail, 2021) or at least a profound transformation in prevailing urban

behaviours (Florida et al., 2021). The concentration of urban life and its economic functions became

perceived as a public health risk, leading to residential movement away from city centres (Brail,

2021). Initial housing market trends in the UK and internationally provide some support for this

shift. The UK witnessed increasing average prices in rural areas compared to other locations and

increasing demand for houses relative to flats (Office for National Statistics, 2021a). Analysis across

multiple countries also provided evidence for faster price growth for detached properties, and rural

or suburban locations, compared to urban areas (Pawson et al., 2022).

Although the evidence for changing locational preferences is varied, it seems clear that the

pandemic disrupted the importance of proximity to employment in housing location choices

(Gallent, 2022; Parsell and Pawson, 2023), with consideration of internal space and multi-

functionality, access to outdoor space and residential amenities having taken on increasing

prominence in household locational decision-making (Lohmus et al., 2021; London Assembly,

2021; Office for National Statistics, 2021b). Here it is recognised that positive health and wellbeing

is connected to access to outdoor space (Lohmus et al., 2021; Poortinga et al., 2021). However, it

was also the case that differential access held the potential for those who can afford to relocate and

work from home, potentially displacing low-wage earners from areas with positive environmental

attributes and contributing to a residualisation of urban populations unable to move (House of

Lords, 2021a).

The pandemic also increased the importance of overall space in housing preferences (London

Assembly, 2021), with suggestions of higher demand for larger homes and those with multi-

functional, modular spaces (Alves and San Juan, 2021; Bank of England, 2021; De Toro et al.,

2021). The demand for more flexible, multi-use homes has in some cases led to a ‘demand

doughnut’ effect, with increased demand for family homes in suburban areas and decreased demand

for smaller flats (Gallent and Madeddu, 2021). Although more difficult to measure empirically than

house size, a range of other dwelling attributes may have taken on increased importance because of

higher rates of home-working, including energy efficiency and access to natural light (Cuerdo-

Vilches et al., 2021; Nanda et al., 2021). Digital infrastructure and the connectivity of dwellings also

assumed a new significance with the growth in home-working (House of Lords, 2021b). Fast

internet connections already influenced property values before the pandemic (Ahlfeldt et al., 2017),

but experiences of remote working and learning during the pandemic exposed existing geographical

and socioeconomic inequalities in access to high-speed internet (Nanda et al., 2021).

These changing preferences for housing attributes have implications for house prices, with

increasing costs for those aligned with shifting priorities, and potentially decreased costs in urban

centres (Ahrend et al., 2022; Huang et al., 2022). Later trends in the pandemic period suggest a

decline in the drivers of decentralisation from urban areas (Gallent, 2022, Gallent et al., 2022), with

the possibility that increased affordability in city centres renewed their attractiveness over time,

wiping out initial patterns of decentralisation (Gallent and Madeddu, 2021). Indeed, some analyses

have shown little change in house prices related to shifting housing preferences, with urban house

price growth remaining stronger than that in rural areas (Reusens et al., 2022).

What is clear here is that the SARS-CoV2 pandemic was a complex period with implications that

varied across national and sub-national contexts, reflecting already existing home-work practices,

residential and workplace preferences, perceived risks of the pandemic, and social distancing
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requirements (Preece et al., 2023). Effects differed between urban, suburban, and rural housing

markets, as well as among income and generational groups. It is recognised that the pandemic

induced economic impacts that were distinct from more typical recessionary periods, where the

disruption had the potential to produce persistent economic effects (Blundell et al., 2022: 609),

necessitating a deeper understanding of COVID impacts on local housing markets.

Against this backdrop, Colomb and Gallent’s (2022: 634) call for in-depth studies on the local

housing market impacts of COVID provides a valuable framing for this study. In this paper, we

consider the theoretical implications of the pandemic shock followed by restrictive impacts on

freedom of movement. Based on a review of the literature and synthesis of a range of early studies

published during the pandemic, we set out expectations for implications on housing market choices,

behaviours, and outcomes. We build hypotheses that physical and environmental housing and

neighbourhood attributes conducive to productive ‘working from home’ will have led to the es-

tablishment of price premia during the pandemic and set out a strategy for defining and measuring

such attributes. Finally, we set out an empirical strategy for testing for house price effects specific to

dwellings that possess attributes that are conducive to working from home.

Study context and methodology

This study focuses on Wales, one of the four constituent nations of the UK. Since political de-

volution in 1999, Wales has implemented various progressive housing policies that diverge from

other parts of the UK (Smith and Mackie, 2021), including a focus on increasing affordability,

innovative design, addressing homelessness, and improving the quality of existing housing stock

(Welsh Government, 2019). The COVID-19 pandemic raised questions over housing choice,

quality, and affordability, amidst concerns of widening wealth inequalities (Blundell et al., 2022;

Smith and Mackie, 2021). Framed within discussions surrounding local government finance reform

and the future of council tax (Welsh Government, 2021), Wales provided an opportunity to employ

an empirical strategy for analysing changing price effects that reflect shifts in housing and locational

preferences throughout different phases of the pandemic.

Against this context, Wales boasts a housing stock of over 1.4 million dwellings, comprising

0.990 million owner-occupied, 0.203 million privately rented, and 0.226 million social rented

dwellings (Hincks and Leishman, 2021). Using AddressBase,1 an initial dataset was constructed by

linking 29 million Royal Mail postal addresses to unique property reference numbers (UPRN). This

approach enabled the creation of a modelling framework to estimate price changes for individual

properties over time, leveraging Land Registry data,2 while accounting for the discrete effects of

neighbourhood and locational attributes. The initial dataset included 463,271 housing unit ob-

servations; however, missing data for some observations covering the potential environmental

variables and/or productivity indicators reduced the final dataset to 335,577 observations.

The Hincks and Leishman (2021) study adopted the long-established hedonic price modelling

approach to estimate up-to-date values for every dwelling in Wales. Significantly for this particular

article, the UPRN’s also facilitated the linking of chains of repeat sales over time to neighbourhood

and locational attributes, which were then incorporated into an econometric modelling framework.

The repeat sales modelling approach can be seen as a variant of the hedonic method. The

essential assumption is that if a dwelling remains physically unaltered between observed pairs of

transactions over time, the price differential between sales can be seen as indicative of market trends.

Yet, the hedonic and repeat sales methods can also be combined to form the hybrid hedonic/repeat

sales modelling approach. We explain this in more detail in the methods section, but the important

aspect to note is that the method combines the fact that most dwelling attributes remain the same at

two observed sales, and the fact that there may be one or more new or altered attributes. This can also

take the form of new information or an external event. We examine the interplay between different
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stages of the pandemic and indicators of environmental productivity attributes in this particular

application.

Developing indicators of environmental and productivity attributes

Building on the context above, our empirical strategy was informed by a broad review of existing

literature from which a core suite of environment/wellbeing and productivity indicators were

developed (Table 1).

Exploratory analysis revealed high and statistically significant correlation between the

environment/wellbeing and productivity variables (>0.7), highlighting potential problems with

multicollinearity. Principal Component Analysis (PCA) was adopted to reduce the original

environment/wellbeing and productivity indicators. Four normalisation approaches were tested:

Log, Box–Cox, Inverse Hyperbolic Sine, and fractional ranking with inverse distribution function.

Two standardisation processes were tested: Z-score and range standardisation (Hincks et al., 2018).

Fractional ranking with inverse distribution function and range standardisation was adopted based

on the performance of this combination in minimising skewness and kurtosis measures.3

Covariance matrix-based factor runs were then conducted, revealing correlations below the

benchmark threshold of +/� 0.32 (SM Table A), allowing for the adoption of orthogonal varimax

rotation (Tabachnick and Fidell, 2007). KMO measures (>0.6) and Bartlett Test for Sphericity

(>=0.6) indicated sufficiency for both sets of indicators, with communalities surpassing 0.6 and

eigenvalues >0.50 (SM Table B). For environment/wellbeing, two factors explained 61.8% of

variance, with factor one associated with access to woodland, bluespace, and coastal proximity, and

factor two with greenspace access. Productivity indicators yielded two factors explaining 70.5% of

variance, with factor one linked to area (m2) and broadband, and factor two to TRASP (solar

direction) (SM Table C). Regression-derived factor scores, weighted by rotated factor loadings,

produced composite indicators categorised into below, around (mean (including both sides of the

distribution +/�), and above the mean using Jenks natural breaks Table 2.

The hybrid hedonic repeat sales modelling framework

Having defined a set of variables designed to capture environmental factors and conditions

conducive to home-working, we are now able to set out our empirical strategy. We begin by

examining the traditional repeat sales regression (RSS) model which is shown below as equation

(1):

ln

�

Pi

~Pi

�

¼ τ1

�

Ti1 � ~T i1

�

þ…τn

�

Tin � ~T in

�

(1)

Where the Pi are observed transaction prices, Ti are time dummy variables, and the tilde identity

represents information from the first occurring transaction from a matched pair of repeats. In other

words, the dependent variable is the natural log of the price relative (second observed divided by

first observed price). While the RSR model has become a real estate industry standard approach for

measuring price change in some jurisdictions, and notably North America, it is not without potential

sources of bias. For example, Case et al. (2006) noted that matched repeat sales samples naturally

contain more dwellings that are frequently traded. This might include smaller, ‘starter’ homes, but

could also contain a greater than random share of dwellings that do not live up to their promise (so-

called ‘lemons’).

A hedonic attribute, which is present in both time periods of a repeated transaction of the same

property, offers no information that can be used to infer the movement of prices between those time
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Table 1. Identified environment and productivity indicators.

Environment/wellbeing indicators

Distance to blue
space

Proximity to blue spaces is linked to enhanced property values (Anderson, 2018;
Sander and Zhao, 2015). Closer proximity often proxies higher quality (Gibbons
et al., 2014), rendering waterfront properties or those near blue spaces highly
desirable due to scenic views and tranquillity (Roebeling et al., 2017). Preferences
vary based on flood risk and quality, with higher-quality attributes reflected in house
price premiums (Li et al., 2021). Rivers and canals were extracted from the
ordnance survey (OS) MasterMap water network layer, while lakes were derived
from ordnance survey digital map data at a scale of 1:50,000. In GIS, ‘near analysis’
was employed to calculate distance to individual blue spaces.

Distance to the
coast

Properties near the coast are often highly sought after due to the recreation, health,
and wellbeing benefits they offer (Qiang et al., 2019). Coastal properties can
command a premium, especially in areas with access to tidal zones and scenic views,
although the extent of this effect is debated, considering factors like location and
socioeconomic composition. Proximity to the coast is considered a proxy for higher
quality (Gibbons et al., 2014), with distance to the coast calculated in GIS using ‘near
analysis’. This study employs a point layer of individual dwelling units to measure
distance to the coastline polyline.

Distance to
woodland

Proximity to woodlands is linked to enhanced property prices through access to
nature, tranquillity, and recreational opportunities (Anderson, 2018; Roebeling
et al., 2017; Sander and Zhao, 2015). Closer proximity to woodland is often
considered a proxy for higher quality (Gibbons et al., 2014). Woodland parcels
were extracted from UKLand, and distance to woodland was calculated using ‘near
analysis’ in GIS. This study employed a point layer of individual dwelling units to
measure distance to the nearest woodland polygon.

Distance to
greenspace

Green spaces provide various ecosystem services, benefiting human health,
recreation, and social ties (Poortinga et al., 2021; Sander and Zhao, 2015).
Properties near green spaces may experience increased value due to their
attractiveness and potential for outdoor activities (Anderson, 2018; Roebeling et al.,
2017). However, the size, quality, and accessibility of green spaces can influence the
magnitude of this effect (Li et al., 2021; Sander and Zhao, 2015). Proximity to green
space often serves as a proxy for quality (Gibbons et al., 2014). Data on green spaces
was obtained from the OS open greenspace dataset and walk time to green spaces
was calculated using access points and OS MasterMap Highways Network.

Productivity indicators

Overall area (m2) The size of a property is known to influence value, with larger properties typically
commanding higher prices (Hincks and Leishman, 2021). More space is often
considered a proxy for higher quality, as it provides greater flexibility for activities
like working from home (Preece et al., 2023). Property size data (m2), was derived
from valuation office agency data on ‘area of accommodation’, represented in terms
of effective floor area (EFA) for flats and maisonettes, or reduced covered area
(RCA) for houses and bungalows for each individual property unit.

(continued)
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periods. As Case et al. (2006) put it, the attribute effects in the two different time periods effectively

cancel each other out. However, an attribute that appears in only one time period of a matched repeat

sale can be used to infer information. This fact gives rise to the possibility of a hybrid hedonic/repeat

sales model in which the presence of a changed physical attribute at the second transaction can be

measured using an interaction with a time function as shown in equation (2):

Table 1. (continued)

Broadband access Properties with broadband access, particularly those with higher-speed connections,
tend to command higher prices compared to similar properties in areas with no or
slower broadband access (Conley and Whitacre, 2020). The broadband premium
may be more pronounced in urban areas compared to rural ones (Conley and
Whitacre, 2020), and access to broadband is linked to enhanced economic
productivity and flexible working (Gijón et al., 2016). Access to faster and more
extensive broadband is considered a proxy for higher quality of digital accessibility.
Access is calculated as the average fixed-line broadband speed (Mbit/s) by census
output area (2011), based on data from 2016 to 2021 released by Ofcom and
sourced from the Consumer Data Research Centre (CDRC).

Sunlight direction The direction a property faces can impact its desirability, with properties offering
more sunlight often commanding higher prices (Fleming et al., 2018). More sunlight
is considered a measure of higher environmental quality. The sunlight direction
indicator was constructed using the topographic solar radiation aspect index
(TRASP) based on a digital surface model from Ordnance Survey (Roberts and
Cooper, 1989), calculated as TRASP = [1 � cos ((π/180) × (a � 30))]/2.

TRASP calculates aspect in degrees, which was transformed into a linear metric ranging
from 0 to 1. As we are using a point shapefile to represent individual properties
contained in the AddressPoint dataset, we are unable to distinguish the orientation
of the property (i.e. which way it is facing), only that the terrain on which the point is
located is orientated in a particular direction.

Table 2. PCA summary – total variance explained.

Comp.

Initial eigenvalues
Extraction sums of squared
loadings

Rotation sums of squared
loadings

Total
% of
variance

Cumulative
% Total

% of
variance

Cumulative
% Total

% of
variance

Cumulative
%

Environment/Wellbeing

1 0.025 37.796 37.796 1.091 27.266 27.266 1.466 36.646 36.646

2 0.021 32.702 70.499 1.380 34.494 61.760 1.005 25.114 61.760

3 0.010 15.792 86.291

4 0.009 13.709 100.000

Productivity

1 0.025 37.796 37.796 0.025 37.796 37.796 0.022 33.242 33.242

2 0.021 32.702 70.499 0.021 32.702 70.499 0.024 37.257 70.499

3 0.010 15.792 86.291

4 0.009 13.709 100.000

Notes: Extraction method: principal component analysis.
Results of factor correlations, KMO and Bartlett’s test and the rotated component matrix are included in the online
supplemental material.
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ln

�

Pi

~Pi

�

¼ α1
�

ti � ~ti
�

ln Xi þ β1ðθi �
~θiÞYi þ

�

Ti1 � ~T i1

�

þ…þ τn

�

Tin � ~T in

�

(2)

Where X and Y represent two different discrete shocks or events and are interacted with the time

elapsing between those shocks and the second sale of a matched pair. The continuous time functions

are shown as ðti �~tlÞ and ðθi � ~θlÞ, respectively.
The application of this model reported by Case et al. (2006) involved a housing market in which

dwellings were found to have been constructed on contaminated land. Discovery of this news could

be related to a specific date, and so the repeat sales model made use of transaction pairs straddling

the shock date to determine the impact of the shock on price change.

In the context of this study, we suggest the use of the hybrid repeat sales/hedonic model of housing

prices first proposed by (Shiller, 1993) and subsequently used in other applications designed to cover

the impact, and sometimes the later unwinding, of housing market shocks. The main housing market

trends over time are captured through the coefficients of the traditional repeat sales model. Hedonic

attributesmeasured at the point of one sale, but not another, in each pair ofmatched repeat sales capture

the effect of shocks. In our application, the arrival of the SARS-CoV2 pandemic is treated as an initial

shock, or a date which may have altered the relative importance of high environmental and home-

working amenities. Additional model estimations are then used to test whether the pandemic shocks

were permanent or transitory, as explained in more detail in the next section.

Modelling the impacts of environment and productivity attributes on

housing prices

The first model, set out in Table 3 can be regarded as the base model. It is estimated for the period

1995 (first quarter) through 2021 (fourth quarter). It is a standard repeat sales model – not a hybrid

model – in which prior transactions have time dummy variables coded �1 and subsequent

transactions have time dummies coded +1. The dependent variable is the natural logarithm of the

Table 3. Traditional repeat sales model (base or model 1).

Variable Parameter estimate Standard error T statistic

1995 Q1 �0.6872226*** 0.0130588 �52.63

1995 Q2 �0.6809289*** 0.0128187 �53.12

— —

— —

2020 Q1 0.4681542*** 0.0130248 35.94

2020 Q2 0.4343251*** 0.0143241 30.32

2020 Q3 0.4666879*** 0.0134281 34.75

2020 Q4 0.5024393*** 0.0126257 39.79

2021 Q1 0.5304484*** 0.0127406 41.63

2021 Q2 0.5592504*** 0.012642 44.24

2021 Q3 0.5945458*** 0.01442 41.23

2021 Q4 0.596779*** 0.0179373 33.27

Cons 0.1225316*** 0.0012278 99.80

N = 190,788

Prob > F = 0.0000

R-square = 0.5669

***, ** indicate significance levels of 1% and 5%, respectively.
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price relative (second observed price divided by first observed price). After estimation by Ordinary

Least Squares (OLS) the time ordered dummy variables represent the natural log of the cumulative

price index and can be used to construct such an index. Aside from this, the coefficients and their

standard errors are of relatively little interest in the context of the empirical work summarised in the

paper. Instead, readers are directed to the coefficients on the hybrid variables in subsequent models.

We now introduce a series of hybrid repeat sales/hedonic models designed to test for the combined

impacts of the pandemic and the presence of desirable environmental attributes and/or dwelling

attributes conducive to enhanced productivity while working from home. As mentioned above, the

hybrid RSH model requires the presence of an attribute at one point in time of a pair of observed

transactions – but not the other. However, given temporally distributed nature of repeat sales

transaction pairs, this is insufficient to extract a parameter estimate. In other words, it is too imprecise to

assume that the magnitude of a coefficient 12 months after a ‘shock’ would be the same as the

magnitude, for instance, 2 months after the shock. To increase the precision of the measurement of the

effect it is necessary to interact the dummy variable denoting the shock or event with a time trend. This

can be defined as either a linear variable or some other formulation (e.g. a polynomial). In this study,

and partly reflecting the relatively short time span of the pandemic, we have opted for a linear,

continuous time trend. March 20th 2020, is chosen as the shock date. This was the date of the official

designation by the World Health Organisation of the SARS-CoV2 pandemic.

Table 4 summarises the results of the first hybrid model. It assumes a constant linear trend in price

change beginning with the announcement of the pandemic on 20th March 2020 and the end of the

study period (fourth quarter 2021). The model results indicate a small increase in the adjusted R2,

and it is evident that all four of the new variables are statistically significant. Although the co-

efficients are small, it is important to remember that the time dummies are interacted with time as the

Table 4. The designation of the pandemic and the implied value of good environmental and productivity
attributes.

Variable Parameter estimate Standard error T statistic

1995 Q1 �0.6900485*** 0.0130482 �52.88

1995 Q2 �0.6815813*** 0.0128055 �53.23

— —

— —

2020 Q1 0.4292516*** 0.0133213 32.22

2020 Q2 0.3898645*** 0.0146214 26.66

2020 Q3 0.4229302*** 0.0137577 30.74

2020 Q4 0.4579246*** 0.0129966 35.23

2021 Q1 0.4854542*** 0.0131145 37.02

2021 Q2 0.5130181*** 0.0130403 39.34

2021 Q3 0.5479668*** 0.0147709 37.10

2021 Q4 0.5517418*** 0.0181927 30.33

Evblow 0.0000525*** 4.82e � 06 10.89

Evabove 0.0000604*** 4.89e � 06 12.36

Prdbelow 0.0000214*** 2.84e � 06 7.53

Prdabove �0.0000102*** 3.25e � 06 �3.12

Cons 0.1646137*** 0.0031457 52.33

N = 190,467
Prob > F = 0.0000
R-square = 0.5679

***, ** indicate significance levels of 1% and 5%, respectively.
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number of weeks between the second observed repeat sale and the pandemic announcement. Thus,

the interpretation of the ‘low quality environment’ variable is that price change for such dwellings

was, on average, 0.005% higher than dwellings of ‘average environment’. But, after 100 weeks, the

coefficient suggests a 0.5% higher annual price appreciation for low quality compared to average

quality environment dwellings. The results are therefore not only very small, but counter to prior

expectations. Lower and higher-quality environments are both associated with higher price growth

compared to the average. Meanwhile, lower quality productivity attributes are associated with

higher, and better productivity associated with lower price appreciation than average.

To investigate further, we break down the study period to examine whether there were two or

more distinct phases in the combined impacts of the pandemic and environment/productivity

features on housing price change. Unfortunately, while the choice of date for the onset of the

pandemic is uncontroversial, there is more imprecision involved in the choice of date for the end of

the most acute emergency period of the pandemic and the transition to a more stable longer term or

permanent set of market circumstances. As discussed in the literature review, the pandemic affected

different international and national jurisdictions and population cohorts in different ways and

severities, and with variable timing. For this reason, we examine three alternative dates for the

second (positive) ‘shock’ that might represent a transition from emergency to more permanent

market adjustment. The first model uses the date of the first UK COVID-19 vaccination (8th

December 2020). The second model uses the beginning of re-opening in the UK or the 8th March

2021 as the second shock date. Finally, model 3 uses ‘Freedom Day’ or 19th July 2021 as the

relevant date (Table 5).

Table 5. Twin shock hybrid model.

Variable 1st vaccine Re-opening Freedom dom

1995 Q1 �0.6886779*** �0.6886779*** �0.6886779***

1995 Q2 �0.6804004*** �0.6804004*** �0.6804004***

— — — —

— — — —

2020 Q1 0.4550363*** 0.4550363*** 0.4550363***

2020 Q2 0.4175083*** 0.4175083*** 0.4175083***

2020 Q3 0.4506811*** 0.4506811*** 0.4506811***

2020 Q4 0.4858543*** 0.4858543*** 0.4858543***

2021 Q1 0.5137551*** 0.5137551*** 0.5137551***

2021 Q2 0.5421143*** 0.5421143*** 0.5421143***

2021 Q3 0.5772241*** 0.5772241*** 0.5772241***

2021 Q4 0.5804669*** 0.5804669*** 0.5804669***

Evblow �6.27e � 06 �4.31e � 06 �1.86e � 06

Evabove 0.0004012*** 0.000335*** 0.0002519 ***

Prdbelow �0.0001896*** �0.0001522*** �0.0001053 ***

Prdabove 0.000526*** 0.0004358*** 0.0003227 ***

Evblow1 0.0000109 8.90e � 06 6.45e � 06

Evabove1 �0.0003679*** �0.0003017*** �0.0002186 ***

Prdbelow1 0.0002079*** 0.0001705*** 0.0001235 ***

Prdabove1 �0.0005011*** �0.0004109*** �0.0002978 ***

Cons 0.1321001*** 0.1321001*** 0.1321001***

N = 190,467
Prob > F = 0.0000
R-square = 0.5678 (all three models)

***, ** indicate significance levels of 1% and 5%, respectively.
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Table 6. Comparison of model outcomes by area type.

Model

Wales Rural Urban

Parameter estimate Parameter estimate Parameter estimate

M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4

1995 Q1 �0.690049* �0.688678* �0.688678* �0.688678* �0.722002* �0.719732* �0.719732* �0.719732* �0.682577* �0.681272 �0.681272* �0.681272

1995 Q2 �0.681581* �0.680400* �0.680400* �0.680400* �0.734790* �0.732082* �0.732082* �0.732082* �0.666095* �0.6649716 �0.664972* �0.664972

— — — — — — — — — — — — —

— — — — — — — — — — — — —

2020 Q1 0.429252* 0.455036* 0.455036* 0.455036* 0.416655* 0.441870* 0.441870* 0.441870* 0.427514* 0.454234 0.454234* 0.454234

2020 Q2 0.389865* 0.417508* 0.417508* 0.417508* 0.384370* 0.410753 * 0.410753* 0.410753* 0.384901* 0.414225 0.414225* 0.414225

2020 Q3 0.4229302* 0.4506811* 0.4506811* 0.4506811* 0.4026701* 0.4303103* 0.4303103* 0.4303103* 0.4247708* 0.4536579 0.4536579* 0.4536579

2020 Q4 0.457925* 0.485854* 0.485854* 0.485854* 0.459130* 0.486918* 0.486918* 0.486918* 0.450147* 0.479233 0.479233* 0.479233

2021 Q1 0.485454* 0.513755* 0.513755* 0.513755* 0.484634* 0.511174* 0.511174* 0.511174* 0.478745* 0.508759 0.508759* 0.508759

2021 Q2 0.513018* 0.542114* 0.542114* 0.542114* 0.516086* 0.544533* 0.544533* 0.544533* 0.504501* 0.534888 0.534888* 0.534888

2021 Q3 0.547967* 0.577224* 0.577224* 0.577224* 0.546913* 0.576400* 0.576400* 0.576400* 0.541820* 0.572172 0.572172* 0.572172

2021 Q4 0.551742* 0.580467* 0.580467* 0.580467* 0.558410* 0.586211* 0.586211* 0.586211* 0.539967* 0.569997 0.569997* 0.569997

Evblow 0.000053* �6.27e � 06 �4.31e � 06 �1.86e � 06 0.000056* �0.000080 �0.00007 �0.000046 0.000050* 5.91e � 06 5.47e � 06 4.92e � 06

Evabove 0.000060* 0.000401* 0.00034* 0.000252* 0.000055* 0.000548* 0.000456* 0.00034* 0.000064* 0.000326* 0.000274* 0.0002074*

Prdbelow 0.000021* �0.000190* �0.000152* �0.00012* 0.000021* 0.000109 0.000095 0.00008 0.000020* �0.000256* �0.000207* �0.000147*

Prdabove �0.000010* 0.00053* 0.000436* 0.000323* �2.46e � 06 0.000271** 0.000226** 0.000169** �8.08e � 06** 0.000672** 0.000557* 0.000413*

Cons 0.164614* 0.000011 8.90e � 06 6.45e � 06 0.157376* 0.000082 0.000068 0.000050 0.167734* �2.44e � 06 �2.00e � 06 �1.45e � 06

N = 190,467 N = 49,423 N = 141,044

Prob > F = 0.0000 (all models) Prob > F = 0.0000 (all models) Prob > F = 0.0000 (all models)

R2 = 0.5679 (M1) R2 = 0.6157 (M1) R2 = 0.5506 (M1)

R2 = 0.5678 (M2) R2 = 0.6156 (M2) R2 = 0.5506 (M2)

R2 = 0.5678 (M3) R2 = 0.6156 (M3) R2 = 0.5506 (M3)

R2 = 0.5678 (M4) R2 = 0.6156 (M4) R2 = 0.5506 (M4)

Model 1 (M1): Traditional repeat sale with pandemic declaration date (20 Mar 2020) by area; Model 2 (M2): Traditional repeat sale with pandemic declaration date (20 Mar 2020) and first
UK vaccination and announcement of 3rd lockdown (04 Jan 2021) by area; Model 3 (M3): Traditional repeat sale with pandemic declaration (20 Mar 2020) and beginning of re-opening in
UK (8th March 2021) by area; Model 4 (M4): Traditional repeat sale with pandemic declaration (20 Mar 2020) and ‘Freedom Day’ (19th July 2021) by area. evblow: Environment below
average; evabove: Environment above average; prdbelow: Productivity below average; prdabove: Productivity above average.
*, ** indicate significance levels of 1% and 5%, respectively.
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The results of all three twin shock hybrid RSH models are very similar. The standard time

dummy coefficients are almost identical across estimations, and the adjusted R2 are almost precisely

the same. The parameter estimates for the shock interacted with environment/productivity variables

differ between the estimations, but the signs and levels of statistical significance are consistent.

Taken together, the results clearly show a positive premium for high quality environment and

productivity attributes after the announcement of the pandemic. There is also a negative premium

associated with low quality dwelling productivity attributes (but not low quality environment) after

the announcement of the pandemic on 20th March 2020.

Environment, productivity and house price effects across the

urban-rural gradient

To test whether effects differed across the urban-rural gradient, we adopt the Office for National

Statistics (ONS) Urban-Rural classification to distinguish between Lower Super Output Areas

characterised as ‘urban’ and those that are characterised as ‘rural’ (see Supplemental Material for

definition).4 Table 6 provides a comparison of modelled results after distinguishing between ‘urban’

and ‘rural’ locations based on the ONS classification, where indicators measuring environment and

productivity above and below average are used at explanatory variables. The results show that

model fit (R2) is consistent within area types across models, that the signs of coefficients are similar

between urban/rural, and that the magnitudes are also comparable. However, not all the variables are

statistically significant across all models. For example, the negative effect of lower quality pro-

ductivity attributes is significant only in the urban model.

The results also show very consistently that the premia effects reversed sharply after the

pandemic entered a less acute, emergency phase. Whichever way the date of the second (positive)

shock is defined, the presence of high quality environmental and productivity attributes began to

detract from price growth and the presence of low quality features added to price growth during the

second phase of the pandemic. It is also noticeable that the magnitudes of the coefficients in the

second phase are consistently slightly less than those in the initial phase of the pandemic. This might

be interpreted to mean that the positive price premia associated with better quality environmental

and productivity attributes did not fully unwind as housing markets transitioned from the emergency

to less acute phases of the pandemic.

It is fair to say that the differences between coefficient sizes are very small. It is also worth noting,

of course, that the number of observations differs between these contexts (∼50,000 for the rural

model and ∼140,000 for the urban context). Nevertheless, as the columns labelled ‘model 2, 3, 4’

demonstrate, the results are not only stable, irrespective of the choice of second shock date def-

inition, but the urban/rural differences are also stable. The implication here is that high quality

environmental housing attributes are associated with a premium for both urban and rural settings

after the pandemic designation. However, the reverse premium associated with lower quality

productivity attributes exclusively affect urban settings.

Discussion and conclusion

The contribution of this study lies in its examination of the trends and implications of COVID-19 on

the housing market in Wales, using a hybrid repeat sales approach. The study was framed around two

core questions. The first asked to what extent environmental and productivity attributes during the

initial phase of the COVID-19 pandemic impacted house price growth differently from what might

have been expected. The second considered how the housing market responded during the transition

from the initial phase of the pandemic to a more ‘stable’ state, and what were the effects of high versus

low environmental and productivity attributes on housing price appreciation? In establishing this
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framework, we sought to respond to recent calls for in-depth studies on the housing market impacts of

COVID that reflect local contexts, amenities, and housing attributes (Colomb and Gallent, 2022).

In answering these questions, we employed a hybrid/hedonic repeat sales approach, drawing on HM

Land Registry Price Paid data from 1995 to 2021, to explore how housing and locational attributes –

including environment quality, productivity dimensions, and digital connectivity – contributed to

changing trends in house prices across Wales before, during and in the post-pandemic period. From the

perspective of the first question, we developed a base model alongside hybrid hedonic repeat sales

models to examine the impact of environmental and productivity attributes on housing price change.We

found that both high and low quality environmental attributes, as well as higher and lower productivity

attributes, were associated with higher price growth compared to the average. The coefficients rep-

resenting the impact of these attributes on price growth were small but nevertheless statistically sig-

nificant. This trend ran counter to our prior expectations, where we anticipated that price growth would

be associated with positive externalities of higher-quality environments and productivity potential

(Alves and San Juan, 2021; London Assembly, 2021; Office for National Statistics, 2021a). The

subsequent hybrid model considered the time trend and revealed that the effects of environmental and

productivity attributes on price growth changed over time, with the effects diminishing slightly as the

pandemic transitioned from the emergency to the less acute phases as anticipated by others (Gallent,

2022; Gallent and Madeddu, 2021), albeit with differences in coefficient sizes that were minimal.

Turning to the second question, we went on to consider the combined impacts of the pandemic and

the environment and productivity attributes on housing price change during different phases of the

pandemic. Three alternative dates were considered to represent the transition from the emergency

phase to a more ‘stable’market context. The results from all three twin shock hybrid RSHmodels were

consistent. After the announcement of the pandemic, there was a positive premium associated with

high quality environmental and productivity attributes, and a negative premium associated with low

quality dwelling productivity attributes (excluding low quality environment). However, during the

second phase of the pandemic, the effects reversed sharply. High quality environmental and pro-

ductivity features began to detract from price growth, and the presence of lower quality attributes

added to price growth. Notably, the magnitudes of the coefficients in the second phase were slightly

smaller than those in the initial phase, suggesting that the positive price premiums associated with

better attributes did not fully unwind during the transition to the less acute phases of the pandemic.

Perhaps one of the more interesting insights from the empirical analysis, and worthy of further

investigation, is the idea that accessibility to a high quality environment affected dwellings in both

urban and rural settings. A priori it could be argued that the reverse might have been expected given

the anticipation that dwellings in rural locations have readier access to higher quality and more

desirable environmental attributes (Bank of England, 2021; Office for National Statistics, 2021a;

Pawson et al., 2022; Savills, 2020). At the same time, the premium associated with higher pro-

ductivity housing attributes appears to be an urban phenomenon, perhaps reflecting an urban

productivity dividend identified elsewhere (Bosworth and Venhorst, 2018). Yet we also ac-

knowledge that the findings could indicate some form of sample selection bias. For example,

presumably urban dwellers have already made a housing and neighbourhood choice that emphasises

productivity over living environment. It follows, then, that the importance of productivity-

enhancing dwelling or neighbourhood attributes is more highly valued for them than by their

rural living counterparts. These suggestions are, of course, speculative and require in-depth study to

unravel further the housing market dynamics revealed through our empirical analysis.
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Notes

1. https://www.ordnancesurvey.co.uk/products/addressbase.

2. Land Registry Price Paid Data includes information on all property sales in England and Wales, sold for

value and are lodged with land registry as a transaction for registration (https://www.gov.uk/government/

statistical-data-sets/price-paid-data-downloads).

3. Skewness and kurtosis were deemed excessive when values on either measure exceeded +/�1.

4. https://www.ons.gov.uk/methodology/geography/geographicalproducts/ruralurbanclassifications/

2001ruralurbanclassification/ruralurbandefinitionenglandandwales.
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