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Abstract 
 

Space heating accounts for a significant proportion of total domestic energy 
consumption in Scotland. Residential heating efficiency improvements are thus essential to 
reduce domestic carbon emissions and fuel poverty. Policies to improve energy efficiency do 
however require a better understanding of the determinants of household heat demand. In 
contrast to other studies that focus primarily on variations in occupancy-related factors and 
building features, this dissertation utilises advanced spatial techniques to investigate the 
geographical heterogeneity of heat demand, using Glasgow City as a case study. The 
relationships between average heat demand and a range of socio-economic and building 
characteristics, sourced from the 2001 Census, were investigated across 694 Data Zones. This 
was attained using both conventional regression and geographically weighted regression 
(GWR), revealing local spatial variations in determinants. The results suggest that socio-
economic features of occupants and building characteristics are significantly associated with 
domestic heat demand in Glasgow City at a Data Zone level, yet the extent to which each 
determinant influences consumption varies on a local scale. This dissertation therefore reveals 
the need for a geographic perspective in research into heat consumption inequalities, generating 
interesting questions regarding the extent to which energy efficiency policies can be 
geographically targeted. 
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1. Introduction 
 

There is now a global consensus that the Earth’s climate is undergoing dramatic 

changes as a direct result of human activities. Greenhouse gas (GHG) emissions from 

behaviours such as fossil fuel combustion and land use change, have increased global 

temperatures by 0.85°C since the 1800s (IPCC, 2013) and further emissions are predicted to 

cause a wide range of adverse climatic changes affecting human health, the environment and 

the economy. Thus climate change is argued to be one of the greatest threats to this planet, with 

implications not only for populations at present, but also for future generations and the 

ecosystems on which humanity relies (The Royal Society, 2010). 

            As a global phenomenon, only a united international effort can attempt to stop and 

reverse these processes. Essential to these endeavours is a reduction in the burning of fossil 

fuels for energy creation, either through the implementation of more energy efficient 

technologies or shifting the role to less polluting fuels. A commitment to transition to low-

carbon energy economies has thus been incorporated into the national energy policies of 

numerous countries as part of the international effort to limit global temperature rise. 

Governments have agreed to move “towards a more sustainable energy system characterised 

by universal access to energy services, and security and reliability of supply from efficient, low 

carbon sources” (Bridge et al., 2013). For the UK, this commitment to an energy transition is 

defined outright in the 2008 Climate Change Act, with a pledge to reduce greenhouse gas 

emissions by 80% in 2050 relative to 1990 levels (HM Government, 2008). 

            Ensuring national energy security whilst emitting fewer greenhouse gases however, is 

a challenging feat, requiring the implementation of a wide range of demand and supply side 

policies. The difficultly of these emissions targets is exemplified by the fact that Scotland has 

missed its annual emissions target four years in a row (BBC, 2015). In light of these difficulties, 

there has been a growing interest amongst academics and politicians, as to how to go about this 

transition to a more sustainable economy without risking the availability or accessibility of 

energy amenities. 

            Previous analysis suggests that UK energy policies are too centralised, operating at 

principally a national scale (Mitchell, 2008) and neglecting more widely distributed parts of 

the energy system, such as end-use technologies and the determinants of energy demand 

(Bridge et al., 2013). A focus on more ‘reliable’ supply side solutions, constrains energy 

companies from delivering demand-side efficiency improvements at a household level (Eyre, 

2010); despite demand being equally as important as supply in terms of energy efficiency 
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improvement opportunities. In the case of Scotland, the domestic sector accounts for 

approximately 41% (The Scottish Government, 2016) of total energy consumption, of which 

energy for space heating alone accounts for 69% (The Scottish Government, 2010). Thus the 

residential sector offers many demand side opportunities for increasing efficiency and reducing 

emissions. Scotland has already achieved a 22% reduction in domestic heating consumption 

since 2005 (DECC, 2015), however this dissertation does not endeavour to further investigate 

temporal changes in consumption. The purpose of this study is to instead explore the spatial 

variations in domestic heat demand at a relatively small resolution using Glasgow City as a 

case study, so to highlight opportunities for more localised demand-side policy 

implementation. 

Despite humans being able to generate their own heat, a lack of biological insulation 

means that environmental temperatures below average body temperature can result in physical 

discomfort and in extremes can lead to death due to the ceasing of bodily chemical reactions 

(Gisolfi & Mora, 2000). It has long been recognised however that environmental factors alone 

are inadequate in explaining domestic heating demands in the developed world, with persistent 

differences being found between countries and regions with similar climates (Meijer et al., 

2009). Academics have thus striven to further develop an understanding of the complex 

relationships that determine domestic heat demand, and have revealed how social, economic, 

psychological and building stock characteristics influence energy demand levels 

(Martiskainen, 2007). Little attention however has been paid to how local factors contribute to 

differences in domestic energy demand for space heating. This is surprising as the geographical 

scale at which energy systems are governed plays a crucial role in the execution of energy 

security policy (Bridge et al., 2013). Accordingly, it is this research gap that this study aims to 

fill, using Glasgow City as a case study1. 

 

 

                                                
1 See Appendix A for a map illustrating the location of Glasgow in the wider context of Scotland. 
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Figure 1. Choropleth map illustrating the average heat demand per address (MWh/yr) in Glasgow, 2014. 

Figure 1. displays average heat demand per address (MWh/yr) in Glasgow City for the 

year 2014. Despite the average heat demand level across the area standing at 30 MWh/yr, the 

map illustrates an uneven spatial distribution of demand. The overall trend illustrated in Figure 

1.  appears to be that average heat demand is higher in the South and West of the city compared 

to the East. This generalisation however, masks a large amount of fluctuation on a local scale 

between data zones. In the East for example, the Data Zone in the South of Baillieston has just 

as high average heat demand as many of the zones in the West and South2. Examples of 

neighbouring data zones with considerably different levels of demand are also seen in each 

expanse of the city, further illustrating the extent of local variations of average heat demand 

across the city. 

Research Questions 
 

Consequently. this research aims to investigate how area-level factors influence 

domestic heat demand across Glasgow City. Grounded upon existing literature on heat 

                                                
2 See Appendix A for a map of Council Areas within Glasgow.  
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consumption, it is hypothesised that the unique socio-demographic and housing stock 

characteristics of each Data Zone have a noticeable influence on the level of heat demanded by 

domestic households. Adherence to conventional methods used in quantitative residential 

energy consumption research, facilitated an investigation into the extent to which a set of 

independent variables account for variations in the dependent variable, average domestic heat 

demand. In addition to the employment of multiple linear regression techniques however, 

Geographically Weighted Regression (GWR) was also utilised to account for spatially varying 

relationships within the dataset. As highlighted by Xie et al. (2014), energy consumption 

research can no longer ignore the spatial aspect of the relationship between determinants and 

demand and thus the use of this technique is considered appropriate for inclusion.  
 

The following research questions were used to help achieve the aims of the study:  

1) To what extent can socio-demographic variables and building characteristics 
explain variations in domestic heat demand at a Data Zone level in Glasgow City?  

2) Do the relationships between domestic heat demand and independent variables 
vary spatially? 

3) If so, how do these relationships vary across Glasgow City?  
 

This dissertation goes on to discuss the existing literature regarding domestic energy 

consumption as a whole and the more specific end-use of space heating, consequently 

demonstrating the need for further research in the subfield. A detailed explanation of the 

datasets and methods employed will also be discussed before outlining the results. A section 

discussing the key findings in the context of previous research and future Government policy 

follows, highlighting the limitations of the study that need to be considered. To close, 

recommendations for further research are suggested.  
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2. Literature Review 
 

This chapter aims to outline the key theoretical concepts of space and place upon which 

this study is grounded and how these have developed to incorporate ideas of the low-carbon 

transition. The section then summarises the main ideas in consumer theory, which has 

previously been used to explain residential energy consumption. Finally, the level of data 

aggregation and previously determined influencers of domestic heat demand are reviewed.  

 

Development of Energy Geographies 
 

 “The relationship between energy and society is co-productive” (Calvert, 2015:1), 

whereby socio-spatial relations are produced as a result of relationships between physical flows 

of energy and societal energy demands. Despite the central nature of the energy-society-

environment relationship in geographic thought however, studies focusing on energy 

specifically were uncommon in the early 20th century (Pryde, 1985). It was not until 1961 that 

the central role of geographers in explaining energy demand patterns was identified (Chapman, 

1961). Since those early years of energy geography research, which tended to fall within the 

descriptive sub-discipline of industrial geography, the field has advanced considerably (Frantál 

et al., 2014) and now incorporates a wide range of concepts, theories and methods from a 

variety of different sub-disciplines. The use of the word ‘geography’ as a descriptor however, 

implies that the field is established upon “a coherent set of practices and a common 

philosophical foundation” (Calvert, 2015:4). In reality, approaches to energy studies are borne 

out of very different philosophical positions and therefore geographers are beginning to 

categorise their work in the field of ‘energy geographies’ instead (Spooner, 2000; Zimmerer, 

2011). This flexible mode of inquiry has been argued to be a particular strength of energy 

geographers, with the topic of energy embedded within the realms of physical, human, 

environmental and cartographic geography simultaneously (Calvert, 2015).  

This diversity of approaches used in the field of ‘energy geographies’ however, has also 

been the root of much scepticism, whereby the specific relevance of geographical perspectives 

relative to disciplines that already cover energy issues has been questioned. The work of Bridge 

et al. (2013) has thus attempted to establish a framework for researchers in the field so to 

articulate the relevance of a geographical perspective in their studies. With increasing 

recognition of global energy dilemmas and an ever expanding body of ‘energy geography’ 



 15 

research, it is therefore important to clarify why the particular issues being studied are suited 

to the skills of geographers, so to overcome these criticisms.  

 

Place and Space in Energy Geographies 
 
 The term ‘energy geographies’ positions the concepts of place and space at the heart 

energy studies, whereby “various geographical imaginaries, spatial identities, and connections 

to place are [understood to be] co-productive with particular systems of energy provision” 

(Calvert, 2015:6). Using the example of domestic climate control technology, Nicholls & 

Strengers (2014) highlight how energy provision systems underlie human conduct in their 

environment; whereby utilisation of central heating altered personal assessments of thermal 

comfort. In turn, the process of connecting energy production sites and modes of distribution, 

has also led to the development of ‘place’ in a cultural context. This occurs as a result of 

efficient energy systems leaving surplus resources for culturally significant practices, which 

consequently reinforce or contest social norms and identities (Walker, 2014). Thus as there is 

no set energy usage pathway along which society progresses due to the complex, spatially 

specific relationship between energy and social practices, it has been asserted by Parker et al., 

(2003) that place-based policies need to be implemented.  

Anceschi & Symons (2012) highlight however, that energy is also an exploitable 

political resource, whereby the process of place-making is exercised to advance specific 

political and commercial interests, and thus has associated ethical implications. In particular, 

infrastructure decisions prioritise specific areas for development that lead to uneven spatial 

distributions of energy systems and therefore wield substantial power in the control of space.  

The geographical concept of place is thus at heart of the energy-society relationship, 

aiding researchers in their description and assessment of the ‘production of space’ (Lefebvre, 

1991). Therefore, in relation to this study, concepts in ‘energy geographies’ can help to 

facilitate an enhanced understanding of the processes affecting energy used for domestic space 

heating.   

 

Geographies of the Low-Carbon Energy Transition 
 

At present, patterns of energy production and use are changing fundamentally as a result 

of energy dilemmas spurring on a transition to a more sustainable energy system. As discussed 

previously, these energy system changes correspond to extensive societal and geographic 
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shifts. However as stated by Bridge et al. (2013) the “geographical dimensions of the new 

energy paradigm… [have] not been a focal point for analyses” (2013:332) with the ‘transition’ 

instead being viewed as a more temporal concept. There is thus a considerable conceptual 

research gap in the field, whereby the changes in the spatial configuration of the energy system 

have been overlooked. Attention to the issues of place, space and geographical scale are 

consequently integral in transition research, possibly aiding future decisions regarding the type 

of spatial solution and scale of governance that will be implemented, and thus are incorporated 

into this study focusing on domestic energy consumption.  

 

Energy Consumption & Consumer Theory 
 
 Within existing literature, the prevailing behavioural theory applied to domestic energy 

consumption is that of Household Production Theory. Developed from the basic framework of 

‘new’ consumer theory (Lancaster, 1966), the household production model “emphasizes the 

fact that market goods and services are not themselves the agents which carry utility but are 

rather inputs in a process that generates commodities (or characteristics) which, in turn yield 

utility” (Gronau, 1977:1099). Thus it is theorised that not all goods and services affect the 

utility of a household directly and instead are used themselves over time to produce other utility 

yielding ‘intermediate’ goods (Becker, 1965). It is argued that energy as a good is well suited 

to this model (Eakins, 2013), as consumers are not particularly interested in their energy use 

as explicit quantifiable units, but instead concerned with the level of output consumed in the 

form of heating, cooking and lighting that energy facilitates. This theory consequently 

highlights the importance of investigating domestic energy consumption with regards to 

specific end uses, rather than as a whole.  

 The main assumption of household production theory is that of ‘rational choice’ 

(Martiskainen, 2007), whereby consumers evaluate the cost and benefits of differing levels of 

consumption of these ‘intermediate’ goods and choose the option that gives them maximum 

benefit (Faiers et al., 2007). This notion has been criticized for its application to statistical 

energy consumption studies however, as it fails to account for other components of decision 

making such as social norms, morals, attitudes and cognitive limitations (Jackson, 2005). 

Nonetheless, the theory of household production is useful in helping to shed light on the 

cognitive processes influencing the decision to consume energy for space heating.  
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Data Aggregation in Energy Consumption Research 
 

Up until the latter part of the 20th century, the majority of efforts to model domestic 

energy consumption used aggregate data in single equation demand models (Baker & Blundell, 

1991). Aggregate data boasts many advantages over individual level data as it is indicative of 

an entire population and therefore removes sampling errors that occur in smaller quantitative 

surveys (Wunsch, 1986). For example, Warriner et al. (1984) looked into the inaccuracies of 

self-reporting in residential energy consumption in Canada and noted that errors in values 

ranged from 10-30%. Systemic underreporting has been found to be a particular reason for 

these inaccuracies, whereby participants alter behaviour or responses so to provide a socially 

acceptable response (Fuj et al., 1985). Surveys are also limiting as a result of low responses 

rates, particularly due to “respondents [feeling] uncomfortable with providing personal 

information” (Guerra-Santin & Itard, 2010:320).  

However, despite aggregate data having benefits for use in energy consumption 

research, in recent times there has been a shift towards the use of individual household-level 

data (Swan & Ugursal, 2009). One such motive for the shift in data type is that of the 

‘ecological fallacy’ associated with aggregate data, whereby “an ecological assumption is 

almost certainly not equal to its corresponding individual correlation” (Robinson, 1950:357). 

This in turn suggests that inferences about individuals cannot be made from the attributes of a 

group, as in reality they may not be valid conclusions. It is argued by Schwartz (1994) however, 

that observations at only an individual level may lead to the misidentification of processes 

occurring on a wider scale. Thus it has been stated that a geographical perspective can lead to 

a greater understanding of the interactions between individuals and their surrounding physical 

and social environments (Curtis, 2004). In this study therefore, the effort has been made to 

respect the differences between correlation and causation, so to prevent inferences being made 

about individuals from conclusions drawn at a Data Zone level.    

Another shortcoming of area-level data is the ‘Modifiable Areal Unit Problem’, 

whereby observed relationships in the data are partially a reflection of the shape of the chosen 

areal unit and thus arise as a result of the level of aggregation selected by the researcher 

(Openshaw, 1983). Conversely it has been argued that this ‘problem’ highlights the importance 

of the geographical context in which data is generated (Flowerdew et al., 2008).  

Aggregate energy use data focuses on the output values of domestic consumption and 

therefore the data “do[es] not reveal which specific behaviours contributed most” (Steg & Vlek, 

2008:310) to the pattern of usage. Hence the fact that the moral obligations, attitudes and 



 18 

opinions of consumers cannot be investigated on an individual level is a further restraint of 

aggregate data. Moreover, although individual-level data regarding the psychological impacts 

on individuals on their energy consumption behaviour would have provided further depth to 

this study, the necessary data collection was out of the realms of an undergraduate dissertation. 

Accordingly, this research makes use of existing aggregate data.  

 

Determinants of Domestic Space Heating Demand 
 

The first ever study to investigate domestic energy demand was performed in 1951 by 

Houthakker, who modelled household expenditure on electricity. Household energy demand 

patterns however, have changed considerably since inquiries begun as a result of higher living 

standards (Lange et al., 2014). The proliferation of central heating technology in domestic stock 

has had a particular impact on energy demand for heat (Shipworth et al. 2010). Thus 

contemporary research has developed to take into account these changes and consequently lead 

to a multitude of research on the determinants of domestic space heating demand; covering a 

wide range of locations, scales and methodologies.  

Literature has identified the influence of environmental, occupant related and building 

related factors on demand levels, with Wei et al. (2014) identifying 27 separate influencers on 

occupant space-heating in their review on exiting literature. This research in turn, aims to 

explore the spatiality of identified determinants of heat demand at a city level, as there is a lack 

of geographical research at this scale despite being “potentially important sites for political 

actions around energy transition..[due to] increasing recognition of the significant role that 

urban infrastructural networks play in energy consumption and emissions of greenhouse gases” 

(Bridge et al., 2013:336). Environmental factors, influencing heat demand such as outdoor 

climate, were consequently not considered for inclusion in the study due to the small 

geographical area of Glasgow. Previously studied socio-demographic factors and building 

stock characteristics however were reviewed for inclusion.  

 The investigation into multiple household-level determinants of domestic space heating 

in the UK specifically is dominated by a study by Meier & Rehdanz (2010). There are also 

other studies considering individual factors (Kane et al., 2011) and all domestic energy 

consumption in the UK (Yohanis et al., 2008; Druckman & Jackson, 2008; Faiers et al., 2007 

etc.).  

 The impact of building stock characteristics on the level of heat demand for space 

heating has been widely studied due to the fact that poorly designed buildings waste energy 



 19 

(Centilmen, 2010). Meier & Rehdanz (2010) identify dwelling features such as house type, size 

and fuel type used for central heating, as particularly influential in determining heat demand. 

In the case of house type, Meier & Rehdanz (2010) found that free-standing dwellings consume 

more energy than any other type of residential building, a trend seen in many other countries 

(Guerra-Santin et al., 2009; Laureti & Secondi, 2012). It is suggested that this positive 

relationship exists as a result of a high ratio of external roof and wall areas compared to floor 

area (Wright, 2008).  

Despite not being included in the study by Meier & Rehdanz (2010) the vintage of the 

building and the extent of surrounding urbanisation are building characteristics that have also 

been found to influence domestic heat demand. Studies have revealed a positive correlation 

between energy usage for space heating and building age (Leth-Petersen & Togeby, 2001; Liao 

& Chang, 2002), due to inadequate insulation in older buildings. In terms of urbanization, 

literature refers to the ‘Urban Heat Island Effect’, which occurs when an urbanized area is 

significantly warmer than the less built up area surrounding it (Met Office, 2012). Studies have 

thus found that less energy is demanded for space heating in urbanized areas in countries with 

cooler climates, such as the UK (Kolokotroni et al., 2012).  

 A study carried out by Guerra-Santin et al. (2009) however indicated that only “42% of 

the variation in residential energy used for space heating can be attributed to building 

characteristics” (2009:1230). This holds in other studies to differing extents and indicates that 

variations in consumption levels are not completely accounted for solely by building stock 

features. Consequently, existing literature also supports a relationship between certain socio-

demographic variables and space heating demand, the most noteworthy of which is household 

income; due to the fact that more heating results in higher costs (Wei et al., 2014). Research 

by Meier & Rehdanz (2010) suggests that the amount of energy consumed for space heating in 

the UK is affected by annual income and is supported by studies by Newman and Day (1975), 

and Hunt and Gidman (1982) who found that households with smaller incomes used less energy 

for space heating in the winter. Nesbakken (1999) attributed this relationship to the tendency 

of households with increasing incomes to move to larger properties and thus feasibly requiring 

more heat energy.  

These high incomes in turn, are often associated with higher grade occupations such as 

managerial and administrative jobs, and thus are suggested to also be positively correlated with 

heat demand. Verhallen and van Raaij (1981) however, found evidence of a negative 

relationship between the number of hours worked per week and domestic heat demand, with 

Meier and Rehdanz (2010) in turn revealing a positive relationship between unemployment 
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and energy demand. This relationship could be attributable to the fact that unemployed 

household members spend a larger proportion of their time at home compared to their 

employed counterparts. 

 A positive relationship has also been revealed between age and space heating demands 

(Parsons, 1993), highlighting the fact that elderly people prefer high indoor temperature 

settings (Guerra-Santin & Itard, 2010). “The aged rely more heavily on space heating energy 

as they become older” (Liao & Chang, 2002:280) as they often lead less active lifestyles, 

spending a larger proportion of their time at home (Nesbakken, 2001). Furthermore, household 

size has also been found to influence the level of energy demanded for space heating in the 

UK. Meier and Rehdanz (2010) observed that heating expenditures increased with household 

size in the UK. It is estimated that household size causes increased levels of heat demand due 

to the fact that it is an important factor taken into consideration when choosing a dwelling size, 

which in turn affects energy used for space heating (Schuler et al., 2000).  

 Although not included in the multi-causal analysis by Meier & Rehdanz (2010), the 

influence of occupant ethnicity and gender has also been explored in other studies. Centilmen’s 

research in the United States discovered that a “culture of frugality can be a determinant for 

energy consumption across different ethnic groups” (2010:2), observing that certain minority 

groups set their thermostats between 2-5F° warmer than Whites and consequently using more 

energy for heating. In terms of gender, Karjalainen (2007) and Andersen (2009) found 

significant differences in the thermal comfort levels and the use of thermostats between sexes, 

observing that higher indoor temperatures were preferred by females compared to men. It has 

been suggested by Fanger (1973) that these differences could be attributable to disparities in 

clothing or increased male awareness of the cost of heating, as in a laboratory experiment when 

both genders were subjected to the same conditions, there was no difference in temperature 

preferences.  

 Finally, ownership has also been found to be an influencing factor in domestic heat 

demand in the UK (Meier & Rehdanz, 2010). Leth-Petersen and Togeby (2001) found that 

people renting dwellings use more energy compared to owner-occupiers, as a result of the costs 

of energy being included in the rent and therefore having little incentive to save energy. 

Rehdanz’s (2007) study in Germany found similar relationships, however suggested it be as a 

result of homeowners being more likely to install energy efficient heating systems compared 

to landlords.  

  Numerous studies use statistical multi-causal analysis to examine the determinants of 

domestic heat demand globally, however there has been a failure within the literature to explore 
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the geographic variations in these relationships. In the context of the UK, Griffin (2014) 

investigated domestic energy consumption with regards to social living standards in London 

using GWR, yet to the knowledge of the author of this study, there has never been research to 

examine the spatiality of determinants of specifically heat demand. It has consequently been 

stated by researchers such as Xie et al. (2014) that research can no longer ignore the effect of 

space on end-use energy consumption patterns, as the description and visualisation of spatial 

data could possibly highlight interesting features of the data not previously appreciated. This 

failure in earlier research was taken into account in the design of this study, which continues 

to use multiple variables but also integrates a geographical perspective to fill the research gap.  

 As a result of the recent surge in the study of energy among geographers and the 

consequential development of ‘Energy Geographies’, the relationships between energy use for 

space heating and consumption determinants are hypothesised to vary across space. There is a 

notable absence of statistical research investigating the spatiality of domestic heat demand 

determinants at an area-level within cities in Scotland to the author’s knowledge, which 

accordingly is an opening this study intends to satisfy using GWR.  
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3. Methodology 
 

Average Heat Demand Per Address 
 

The dataset in which heat demand figures were located was titled ‘Datazone Heat 

Demand’ and was produced in 2014 by the Scottish Government as part of the ‘Scotland Heat 

Map’ initiative. The dataset was accessed through the Heat Demand Download Service 

(ATOM feed) on the Scottish Government website. 

The heat demand values in the dataset were originally calculated for every property in 

Scotland with a UPRN (Unique Property Reference Number) through the amalgamation of a 

number of different spatial datasets covering the period 2010 through 2014. All heat demand 

values were computed initially using general national heat benchmarks that were calculated 

using information on building features such as floor area, building type and insulation factors, 

amongst others. These values were then replaced in turn with more reliable information, such 

as billing data, if available. Further details on the exact method of calculation are beyond this 

dissertation but are explained the ‘Scotland Heat Map – User Guide Manual’ (The Scottish 

Government, 2015).  

The heat demand data was consequently not freely available to the public at UPRN 

level, however average values for individual Data Zone for the whole of Scotland were 

accessible. Thus the dependent variable used in this dissertation was the average amount of 

heat demanded per address in each Data Zone (measured in MWh/yr). As this study endeavours 

to investigate the domestic heat demand in Glasgow City specifically, these areas were selected 

and separated from the larger dataset.  

It should be noted however that this dataset was not completely befitting to the aims of 

this study. As previously mentioned, the average heat demand values in the dataset were 

calculated using all properties in each datazone, thus including both domestic and non-

domestic buildings. In the context of this dissertation however, regression analyses were 

carried out to investigate whether socio-demographic and residential building characteristics 

influence domestic household heat demand in Glasgow City. Thus the fact that non-domestic 

buildings were included in the calculation of average heat demand needed to be kept in mind 

throughout the study. In order to limit the impact of this inadequacy, a map was generated to 

show the percentage of each datazone area used for commercial and industrial purposes (Figure 

2.). This in turn was used as a reference point, so to prevent incorrect domestic heat demand 

conclusions being made about highly industrialised areas. 
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Explanatory Socio-Economic & Building Characteristic Variables 
 

The 2001 Scottish Census was used as the source of the socio-demographic and 

domestic building characteristic variables used in this study and was accessed through the 

‘Data Warehouse’ on the ‘Scotland’s Census’ website (The Scottish Government, 2001). The 

Scottish Census is a decennial national survey that collects information on the characteristics 

of people within Scotland and is carried out in order to help facilitate the country in the future 

allocation of resources and provision of services. As a result of survey completion being a legal 

requirement, which removes issues associated with low response rates (Science & Technology 

Committee, 2012), the dataset provides a comprehensive and detailed insight into the 

demographics of Scotland.  

An assessment of the available data contained in the 2001 Scottish Census and a review 

of existing literature on the determinants of domestic heating demand (discussed in Chapter 2) 

guided my initial selection of 12 explanatory variables. The variables and their hypothesised 
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and Industrial Purposes in Glasgow City, 2013.

Figure 2. Choropleth Map of Glasgow illustrating the percentage of each Data Zone used for Commercial 
and Industrial purposes in 2013. 
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relationships with average domestic heat demand are listed in Table 1. Before proceeding any 

further however, these variables were tested for multicollinearity; a situation whereby two 

independent variables are closely correlated to each other. The presence of “multicollinearity 

between predictors makes it difficult to assess the individual importance of a predictor” (Field, 

2009:224), and thus could consequently have had adverse effects on the final regression model. 

The non-independence of all 12 explanatory variables was thus tested through the execution of 

bivariate correlations using SPSS 22 software. As suggested by Dormann et al. (2012) the 

common threshold of |r| > 0.7 was used to identify explanatory variables that were closely 

related to each other. Existing literature was then consulted in order to retain the most pertinent 

explanatory variables from the pairs of variables displaying collinearity. This process reduced 

the set of explanatory variables from 12 to 83.  

 

Table 1.  List of 12 Independent Variables considered for inclusion in regression model. 

  Variable Abbreviation Hypothesised 
Relationship 

1 % Population Aged 65 or Over PercAged65Plus Positive 
2 % Population Male* PercMale Negative 
3 % Population in High Grade Occupations PercHighGradeOcc Positive 
4 % Population Working 49+ hrs/week PercWork49Plus Negative 
5 % Population Unemployed PercUmemp Positive 
6 % Households who are Home Owners PercHHOwned Negative 
7 % Households Privately Renting PercHHPrivRent Positive 
8 % Households Composing of ≥ 3 People PercHH3PeoplePlus Positive 
9 % Population Ethnic Minority PercEthnic Positive 
10 % Households Resident in a Whole 

Detached House PercHHHouseDetached Positive  

11 % Households Resident in a Whole 
Terraced House PercHHHouseTerr Negative 

12 Average Land Area Per Dwelling 
Address (m2) LandAreaPerDwell Positive 

Note:  

-  Indicates variable that did make it into final GWR model as a result of 
multicollinearity  

- * Indicates variables that did not make it into final GWR model as a result of the Stepwise 
model building procedure.  

                                                
3 Appendix B contains individual choropleth maps for the remaining 8 explanatory variable to display 
the spatial variation at a Data Zone level across Glasgow. 
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Level of Aggregation 
 

All 8 explanatory variables were aggregated to the geographical level of 2001 Data 

Zones, of which there are 694 in Glasgow City. Data Zone aggregation geography was the 

smallest level that average heat demand data was available at, yet was deemed suitable to 

investigate local variations in the explanatory variables; variations that would otherwise be 

hidden within larger aggregations such as local authorities. Of the 694 Data Zones for Glasgow 

City, 6 of them were omitted from further analysis; 4 Data Zones due to unavailable 

explanatory variable data and 2 zones as a result of anomalies in the dependent variable data4. 

These two anomalies had heat demand values over 10 times larger than the next biggest value. 

Upon closer inspection of each Data Zone, there appeared to be little dissimilarity between 

them and other Data Zones in the vicinity and thus it is thought these two anomalies were a 

result of human error in the compilation or calculation of the data. 

Both dependent and explanatory variable data in this study were collected by the 

Scottish Government and despite being originally collected at individual level, are only 

available to the public in aggregated form due to the sensitive nature of the information. This 

is a necessary precaution taken by the Government to ensure that individuals cannot be 

identified and to protect privacy (Swan & Ugursal, 2009). 

 

Global Regression Model Building 
 

Global regression analysis was used to examine the relationship between the collection 

of independent variables and domestic heat demand across Glasgow and answer ‘Aim 1’. 

However, before the model could be employed, the selected 8 independent variables were put 

through a rigorous statistical model-building procedure using the software GWR 4.0. A 

forward stepwise selection process was utilised in order to remove unimportant independent 

variables “that can decrease precision and complicate interpretations of a study” (Yamashita et 

al., 2007:2395) and to in turn extract the best subset for use in the model.   

The forward stepwise process begun with no independent variables in the model and 

was a two stage process. First, each explanatory variable was separately entered into the model, 

along with the dependent variable and the extent to which each model fitted the data was 

                                                
4 Omitted Glasgow Data Zones: S01003031 (Glenwood South), S01003319 (Craigton), S01003505 
(Sighthill), S01003548 (Barmulloch), S01003272 (Gorbals and Hutchesontown) and S01003499 
(Partick). 
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assessed by looking at the value of the corrected Akaike Information Criterion (AICc). The 

independent variable with the lowest AICc value was retained for use in the final model. The 

remaining independent variables were subsequently entered again into the model, which this 

time contained two explanatory variables and once more the lowest AICc valued was identified 

for addition to the final model.  

In the case of this study, the process of adding variables with the lowest AICc value to 

the model was continued until the addition of another variable failed to enhance the model’s 

goodness-of-fit; specifically, where the AICc value was reduced by less than 3. This in turn 

indicated that the variables were no longer significantly affecting spatial variations in domestic 

heat demand and were consequently removed from the model.  

 

Geographically Weighted Regression	
 

Up to this point, research into the determinants of domestic heat demand in the UK has 

relied on the output of global regression models. The previously constructed global model 

enables ‘Aim 1’ to be answered, however like the vast proportion of previous research, the 

model fails to address the geographic patterning of the determinants of heat demand 

themselves. This limitation of multiple linear regression is a result of the assumption that the 

relationships between independent and dependent variables hold everywhere in the study area, 

yet this assumption contests the belief that “spatial phenomena will vary across a landscape” 

(Legg and Bowe, 2009:44). Thus Charlton and Fotheringham (2009) warn that global 

modelling approaches can lead to the production of parameter estimates which are both 

inefficient and biased. This could potentially result in in the mistaken implementation of policy 

due to wrongly detected locally significant parameter estimates. In accordance with ideas of 

non-stationarity of spatial data, it is thus hypothesized that the unique socio-demographic and 

housing stock characteristics of a Data Zone have a noticeable influence on the level of heat 

demanded domestically and therefore vary across Glasgow. Accordingly, a geographically 

weighted regression (GWR) was also implemented in order to address ‘Aim 2’ and ‘Aim 3’.  

Tobler’s First Law of Geography states that “everything is related to everything else, 

but near things are more related than distant things…”(1970:236). It is upon this geographical 

concept, suggesting spatial heterogeneity, that GWR is underwritten. The technique in turn 

constructs separate equations, incorporating the dependent and independent variables of 

features falling within a certain bandwidth of the regression point, to produce local statistics 

for each point in the dataset (Fotheringham et al., 2002). A spatially adaptive kernel bandwidth 
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was used to prevent parameter estimates with large standard errors from being produced as a 

result of Data Zones in Glasgow varying in size.5 

The output of the GWR model is a surface of parameter estimates for each explanatory 

variable, specific to each data point location. The model uses an inverse distance scheme to 

calculate these estimates, whereby heavier weightings are assigned to data points closer to the 

regression point (Brunsdon et al., 1996). The parameter estimates produced using the GWR 

model in this study, alongside their associated t-values, were subsequently mapped to illustrate 

the significant spatial variation in relationships between the independent variables and 

domestic heat demand. The maps for each of the 7 variables were interpreted accordingly, so 

to recognise the extent of any significant positive or negative relationships and to examine how 

spatially consistent these relationships are across the study area. 

Local R-squared values and a set of residuals were also produced using the GWR model 

and were mapped respectively. Local R-squared values were needed to examine how the model 

performance varied spatially, with lower values indicating that the model’s goodness-of-fit is 

poor. Indication of the GWR predicting poorly could in turn be a clue that other variables may 

be missing from the model. Residuals were mapped to discern whether the difference between 

observed and predicted values for heat demand were randomly distributed. A Global Moran’s 

I test was utilised to measure the level of spatial autocorrelation, so to determine the robustness 

of the result. Randomly distributed over and under predictions should be interpreted as the 

characteristics of a well-specified regression model, whereas clustering indicates that key 

explanatory variables are missing (Fotheringham et al., 2002).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
5 See Appendix C for the settings used in GWR 4.0  
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4. Results 
 

Global Regression Model Results 
 

The calibration of the global regression model using a stepwise selection process 

resulted in the selection of 7 explanatory variables. Figure 3. illustrates the order of importance 

in which the variables were selected for the model and their corresponding AICc value. As 

seen in Figure 3. the most important variables influencing domestic heat demand were the 

percentage of residents in ‘high’ grade occupations and the average land area per address. The 

results of the global regression model6 in turn are displayed in Table 2. The table contains each 

variable used in the model with its associated t-value. These values indicate the strength and 

direction of the average relationships across Glasgow. 

 

 

 
Figure 3. Graph showing the corrected AICc values during calibration of the global regression model; 
indicating variables included and excluded in further analysis.  

 

 

                                                
6 Global regression model computed using the software GWR 4.0. See Appendix D for 
output.  
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Table 2. Global Regression Model results, displaying all 7 variables with their associated t-values. 

Variable Min. Max. Mean St. Dev. t-Value 
Higher Heat 
Demanded 

when 
variable is: 

Agrees with 
hypothesis? 

% Population 
Aged 65 or Over 1.09 39.49 14.40 0.01 6.13 Higher Yes 

% Population in 
High Grade 
Occupations 

5.58 76.30 26.36 0.02 12.13 Higher Yes 

% Households 
who are Home 
Owners 

0.94 97.49 47.20 0.04 -3.45 Lower Yes 

% Households 
Privately Renting 0.60 63.01 15.07 0.02 -0.71 Lower No 

% Households 
Composing of ≥ 3 
People 

4.28 64.97 28.450 0.02 7.33 Higher Yes 

% Households 
Resident in a 
Detached House 

0.00 57.14 4.28 0.01 -3.26 Lower No 

Average Land 
Area Per Dwelling 
Address (m2) 

46.07 10428.40 512.01 1.23 9.53 Higher Yes 

R square = 0.396 

 All the results from the global regression model displayed in Table 2. were significant 

determinants of domestic heat demand, except the variable ‘private renters’. This in turn 

suggests that domestic heat demand was higher in Data Zones where there was a higher 

proportion of people aged over 65 and in high grade occupations, as well as households 

composing of three or more people and where there is a larger average land area per dwelling. 

In contrast, the results suggest that domestic heat demand was higher in Data Zones where 

there was a lower proportion of homeowners, private renters and whole detached houses. Two 

of the results from the global regression model, the proportion of private renters and detached 

houses in a Data Zone, contradicted what had been previously hypothesised using existing 

literature.  

The r-squared value for the global regression model, which measures the goodness of 

fit, indicates that the seven independent variables explain 40% of the variance in domestic heat 

demand in Glasgow. 60% of the variation however is left unexplained, thus suggesting that the 

relationships between heat demand and the independent variables may be more intricate than 

assumed in the global regression model.  
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Geographically Weighted Regression Model Results 
 

The seven variables listed in Table 2. were then calibrated to a GWR model relating to 

the level of domestic heat demand in Glasgow7. The calibration of the model revealed that the 

optimal bandwidth of the nearest neighbours was 56, meaning that for every regression point, 

56 of the 688 data zones were used to calculate the local parameter estimates8. These local 

parameters estimates were consequently mapped for each explanatory variable, so to illustrate 

any spatial variation9. Mapping only the parameter estimates can be misleading however 

(Matthews & Yang, 2012), as the visualisations do not illustrate whether the values are 

significant. Thus only the local parameter estimates that were statistically significant to 95% 

were included.10  

The maps in Figures 4.-10. display the patterns in significant local parameter estimates 

for each variable, illustrating how relationships differ spatially. Figures 4.-7. illustrate that the 

significant parameter estimates for the relationship between high grade occupations, people 

aged over 65, households composing of three or more people and average land area, and heat 

demand, are exclusively positive. Conversely, Figures 8.-10. display that the relationships 

between whole detached houses and homeowners, and the dependent variable, have entirely 

negative significant parameter estimates. The Data Zones in the maps coloured white however, 

represent areas where local parameters estimates were insignificant. For the variable ‘private 

renters’, despite local parameter estimates exposing a mixture of both positive and negative 

relationships with domestic heat demand, none of the estimates proved significant and thus the 

map appears blank (Figure 9.).  

As a result of the word limit of this study, in-depth descriptions of each choropleth map 

cannot be carried out, yet explanations for the patterns will be discussed in the following 

chapter. 

                                                
7 See Appendix E for geographical weighted regression model output. 
8 See Appendix F for geographically weighted regression bandwidth selection output. 
9 See Appendix G for the summary statistics for the geographically varying coefficients 
produced in GWR 4.0. and see Appendix H for examples of Data Zone level local parameter 
estimates.  
10 Local parameter estimates were deemed significant if the t-values were greater than 1.96 
and less than -1.96.  
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Significant Local GWR Parameter Estimates for the
 Relationship between the Percentage of the Population

 in High Grade Occupations and Domestic 
Heat Demand, Glasgow City. 
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Legend
Significant Parameter Estimates (t<-1.96 or t>1.96)
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Figure 4. Map illustrating the significant local GWR parameter estimates for % Population in High 
Grade Occupations. 

Figure 5. Map illustrating the significant local GWR parameter estimates for Average Land Area. 
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Significant Local GWR Parameter Estimates for the
Relationship between Average Land Area Per Building

 and Domestic Heat Demand, Glasgow City. 
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Significant Parameter Estimates (t<-1.96 or t>1.96)
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Significant Local GWR Parameter Estimates for the
Relationship between the Percentage of Households 

Composing of 3 or More People and Domestic Heat Demand,
 Glasgow City. 
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Legend
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Figure 6. Map illustrating the significant local GWR parameter estimates for % Households 
Composing of 3 or More People. 

Figure 7. Map illustrating the significant local GWR parameter estimates for % Population Aged 65 
or Over. 
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Significant Local GWR Parameter Estimates for the
Relationship between the Percentage of the 

Population Aged 65 or Over and Domestic Heat
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Significant Local GWR Parameter Estimates for the
 Relationship between the Percentage of Households 
Resident in a Whole Detached House and Domestic

Heat Demand, Glasgow City. 
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Figure 8. Map illustrating the significant local GWR parameter estimates for % Households Resident 
in a Whole Detached House. 

Figure 9. Map illustrating the significant local GWR parameter estimates for % Households Privates 
Renting. 
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Significant Local GWR Parameter Estimates for the
 Relationship between the Percentage of Households 

Privately Renting and Domestic Heat Demand,
Glasgow City. 
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Geographically Weighted Regression Model Performance 
 
 In addition to local parameter estimates and t-values, the GWR calibration also 

produced local r-squared values for each Data Zone, denoting the goodness of fit of the model. 

As seen in Figures 4.-10., many of the maps are coloured white in areas, indicating that 

particular variables are not significant in accounting for differences in levels of domestic heat 

demand. This is seen particularly in the East of the city, whereby local parameter estimates for 

‘homeowners’, ‘private renters’, ‘detached housing’ and ‘65s and overs’ are all insignificant. 

Figure 11. illustrates the distribution of local r-squared values in Glasgow and reflects patterns 

such as this. The map in turn indicates that the local model performs best in the South and 

South West of the city, with r-squared values up to 0.65, however performs least well in the 

Northern part of the city with values as low as 0.36.  

In comparison to the 0.40 r-squared value of the global regression model, there is a 

notable improvement in the goodness of fit of the local regression model, which produced an 

r-squared value of 0.51. An improvement is also seen in the AICc values between the global 

®
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Figure 10. Map illustrating the significant local GWR parameter estimates for % Homeowners. 
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model at 5477 and the local model at 5440, indicating a benefit in using a local over a global 

model11.  

 

 
Figure 11. Map illustrating the spatial distribution of local r-squared values. 

 

 

 

 
 
 
 
 
 
 
 

                                                
11 Maps of the standardized global residuals and standardized local residuals, autocorrelation reports 
and GWR ANOVA table can be found in Appendix I. These provide further evidence that the local 
model was a better fit to the data than the global model; the GWR reduced the number of significant 
residuals, lessened the amount of autocorrelation in these residuals and reduced the sum of residual 
squares. 
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5. Discussion 
 

Key Findings 
 
Insignificant Area-Level Determinants 
 

In order to determine the extent to which socio-demographic and building 

characteristics explain variations in the level of domestic heat demand at a Data Zone level in 

Glasgow, firstly a process of variable selection was carried out. 8 potential determinants were 

initially considered, however the statistical model-building procedure indicated that one of 

these variables, the proportion of males, did not significantly affect spatial variations. This 

finding contradicts the outcomes of previous studies. Karjalainen (2007) for example found 

that lower temperatures are preferred by men compared to women, observing a negative 

association between the proportion of males and space heating requirements. Moreover, it has 

been revealed that men are more aware of the cost of heating (Fanger, 1973), have a lower 

thermal comfort threshold (Nakano et al., 2002) and work longer hours on average in the UK 

(Labour Force Survey, 2012) compared to their female counterparts, which are all postulated 

to be the source of this relationship. Studies such as by Karjalainen (2007) however, looked at 

energy demand in countries other than the UK. Thus it is conceivable that the national contexts 

of the study sites were dissimilar to that of Scotland; perhaps with considerably different 

cultural norms, gender roles or economic situation and thus not found to play a central role in 

explaining variation in heat demand in Glasgow.    

 
Building Stock Characteristic Determinants of Heat Demand 
 
 The two building stock characteristics included in the global regression model were 

building type and urbanisation extent and were both found to be significant factors in 

explaining the variation in domestic heat demand across Glasgow. However, despite building 

type being a significant variable in the model, which supports previous findings, the 

relationship between the proportion of detached dwellings and domestic heat demand was 

negative and thus contradicted what was hypothesised. A positive relationship between space 

heating demand in detached houses has been discovered in previous research both abroad 

(Rehdanz, 2007; Sardianou, 2008; Guerra-Santin & Itard, 2010) and in the UK (Meier & 

Rehdanz, 2010; Kane et al., 2011) and has been attributed to detached buildings having a larger 

external surface area compared to floor area (Wright, 2008), thus this result is surprising. It is 
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possible that this relationship exists in Glasgow as a result of residents using heating controls 

to only heat certain rooms of their house and thus overall using less energy for heating.  

However, Druckman & Jackson (2008) suggest that this is unlikely with increased take-up of 

central heating, whereby occupants “are more likely to maintain all rooms at one temperature” 

(2008:3178). In turn the negative relationship could also be associated with research by Kane 

et al. (2011) revealing that UK detached houses have a lower average indoor temperature by 

2°C compared to flats.  

 The extent of urbanisation, characterised in this study by the average land area per 

dwelling, was significantly positively associated with domestic heat demand in the output from 

the global regression model which is particularly notable. In terms of domestic heat demand in 

the UK, the majority of previous studies have focused upon examining the relationship between 

residential space heating demand and characteristics of individual buildings rather than the 

geometric values of the whole urban composition. This study however reiterates the findings 

of Rode et al. (2014), whereby heat energy demand was found to decrease with increasing 

building density configurations. This phenomenon is theorised to be a result of the ‘Urban Heat 

Island Effect’, whereby an urbanised area is significantly warmer than surrounding areas due 

to heat energy storage in the building materials (Met Office, 2012). Rode et al. (2014) in turn 

found that the ‘ratio between the least and best performing [locations] was greater than factor 

six, emphasising the significance of a better understanding of [area level] design-related 

impacts on heat-energy demand” (2014:151). Around 1000 new houses are built in Glasgow 

City every year (Glasgow City Council, 2015) and thus these findings are of particular 

importance, so to attempt to reduce energy used for space heating in the future.  

 

Socio-Demographic Determinants of Heat Demand 
 
 Four out of the five socio-demographic variables were found to be significant in 

explaining variations in domestic heat demand in Glasgow; occupation grade, age, household 

size and house owners. This is consistent with previous studies, highlighting the role of 

occupant characteristics on influencing the amount of energy demanded for space heating.  

The remaining variable indicating the proportion of private renters however was not 

significant and was also negatively associated with domestic heat demand which contradicts 

the hypothesised relationship. Rehdanz (2007) found that “households with property 

[ownership] are likely to spend less money on heating compared to home renters” (2007:173) 

however the result from the global regression model indicates a negative association between 
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domestic heat demand and renters. This hypothesis contradiction, as well as that of the building 

stock variable, highlights the importance of considering spatiality when investigating the 

determinants of heat demand, as it demonstrates that average relationships across areas can 

differ from place to place. Glasgow is a unique city, not only in Scotland but also in the wider 

context of the UK. This distinctiveness particularly concerns the state of living conditions, 

whereby 40% of all properties in Glasgow were classed as in urgent disrepair, compared to an 

average of 28% across the rest of Scotland in 2014 (The Scottish Government, 2014). This in 

turn could partially help to explain the unanticipated output from the global regression model, 

that indicates a negative relationship between domestic heat demand and both the proportion 

of detached houses and private renters in Glasgow. Thus these figures exemplify the intensified 

issue of inadequate housing stock conditions in the city of Glasgow in relation to country 

averages and hence it is not so unexpected to find differing relationships in this study compared 

to those from studies conducted on a larger scale, such as by Meier & Rehdanz (2010).  

Fuel poverty is also a particularly prominent problem in Glasgow compared to other 

regions in the UK, whereby 36% of households use 10% or more of their income on energy 

bills (The Scottish Government, 2013), compared to only 17% of households in the whole of 

the UK (National Energy Action, 2013). Of the different tenure groups, households privately 

renting have the highest rates of fuel poverty (DECC, 2014) and thus could potentially also 

contribute the negative relationship between domestic heat demand and private renters, 

whereby less energy is consumed for heating as a result of financial constraints. 

 

Spatially Varying Relationships 
 
 As hypothesized, the implementation of local statistical techniques helped to further 

our understanding of domestic heat demand determinants in Glasgow. It is it now clear to see 

that previous insights into heat demand computed using global regression modelling provided 

only overly generalised assessments. The use of GWR however, whereby geographical 

attributes of the data are integrated into analysis, has developed these interpretations 

considerably. Results from the calibrated GWR model reveal the existence of spatial variation 

in the statistically significant relationships between domestic heat demand and six independent 

variables and accordingly highlights the inadequacies of the global model. Evidence of 

geographic heterogeneity in the relationships between domestic heat demand and determinants 

in Glasgow is a considerable discovery due to an absence of research into spatial variability in 

the field. The findings thus agree with Fotheringham et al. (2002) who state that “a problem 
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with the global model, [is that] it does not indicate which, if any, variables in the model might 

exhibit spatial non-stationarity” (2002:38).  

 Mapping of the output from the GWR model, as seen in Figures 4.-10., facilitates the 

identification of Data Zones in Glasgow where significant relationships between dependent 

and independent variables are relatively more important than others in the city (Brunsdon et 

al., 1996). Yet as studies like this have not been conducted before, particularly in the case of 

Glasgow, there is no body of knowledge from which postulated explanations for these patterns 

can be drawn. It is therefore suggested that further qualitative analysis, not in the scope of this 

dissertation, is carried out so to expose the causes of spatial variability of the determinants of 

domestic heat demand in Glasgow. 

  Despite the lack of existing academic understanding however, this study still suggests 

reasoning behind some of the patterns in Figures 4.-10. using personal assessments and 

awareness of the study site. Although explanations of the reasons behind the spatial variation 

in each variable relationship is not feasible within the constraints of this dissertation, an 

investigation into the possible rationale behind the patterning of the variable ‘high grade 

occupations’ is considered.  

 Even though the relationship between domestic heat demand and the proportion of 

people in ‘high’ grade occupations was found to be significantly positive in all Data Zones in 

Glasgow, the mapped parameter estimates in Figure 4. illustrate that the extent of the 

relationship differs spatially. The two areas considered in this short analysis are both clusters 

of Data Zones that have a higher than average proportion of residents in ‘high’ grade 

occupations12; the area centred in and South of Langside in the South East of the city together 

with the area centred in and around Anderston and Partick West along the river in the West. 

Despite being similar with regards to the socio-economic classification of residents, the two 

areas have contrasting parameter estimates, with the former having considerably more positive 

estimates than the latter. A potential reason for this disparity between areas could be a result of 

the lack of major transport routes in the South East of the city.13 Recent research has found that 

the proportion of people working from home is the UK is at an all time high since records 

began, with nearly three quarters of these workers in the highest skilled roles in the economy 

(Office for National Statistics, 2014). Contemporary technological innovations, such as the 

proliferation of domestic internet access, have meant that many jobs can now be performed 

                                                
12 See Figure 16 for a choropleth map illustrating the proportion of ‘high’ grade occupants in each 
Data Zone in Glasgow City.  
13 See Appendix J for a map of major transport routes in Glasgow. 
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from the comfort of an employee’s own residence (Felstead & Jewson, 2000). A study by 

Caulfield (2015) in turn suggests “that those living in more affluent areas and those with poor 

public transport connectivity are more likely to work from home” (2015:213). Thus it is 

hypothesised that residents in ‘high’ grade jobs in the South East of the Glasgow are more 

likely to be homeworkers, meaning that they spend increased amounts of time at their place of 

residence and heat it for lengthier periods; consequently meaning they demand more energy 

for space heating. For the group of Data Zones along the river in and around Anderston and 

Partick West however transport is not an issue, with a major A road, rail line and river bus 

service. In turn this could potentially explain the lower demand for space heating in these areas.   

 
Implications of Findings 

 
From a theoretical perspective, the results from this study demonstrate how local 

statistical methods can help to develop our understanding of domestic heat demand 

determinants. Existing literature has tended to focus on global relationships, ignoring the 

positivist geographer belief that “spatial phenomena will vary across a landscape” (Legg & 

Bowe, 2009:44). Thus the implementation of quantitative spatial analysis has offered a new 

insight into the relationships between domestic heat demand and socio-demographic and 

building stock variables, revealing how these relationships very across space. Methods such as 

GWR should therefore be employed more widely within energy consumption studies so to 

construct a body of knowledge within the field with a place-centric focus.  

 Ultimately heat consumption translates to greenhouse gas emissions and thus in 

practical terms, this study presents scope to inform policies that aim to reduce heat demand in 

the domestic sector; whether that be through the installation of efficiency measures or through 

programs of behavioural change. In order to maximise the potential reductions and increase the 

efficiency of limited Government resources, policy implementers could develop specific 

policies to target sub-groups. For example, the GWR output revealed a positive association 

between the percentage of the population aged over 65 and heat demand in much of Glasgow 

(particularly the North West), therefore indicating potential for intervention strategies at 

community centres and social groups catering for retired persons. Furthermore, the output from 

the model could also be used to specify locations of place-specific policy implementation, 

whereby city wide policy employment would be a waste of resources.  
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Study Limitations 
 
 In order to have a sufficient breadth of data to carry out this study, Government 

collected secondary data was used. Given the time and money constraints of an undergraduate 

dissertation, use of secondary data was justified, however its implementation is not without 

limitations. Despite the common use of secondary datasets in social science research (Gorard, 

2004), these large datasets are commissions for specific purposes which are usually unrelated 

to the aims of individual researchers. Thus a major disadvantage of secondary data is that the 

dataset may not the contain specific information required in order to answer particular research 

questions (Crossman, 2014). In the case of this study, the use of secondary data limited the 

variables that could be considered to address the research question. For example, existing 

literature indicates that building age is a key building stock characteristic that determines 

domestic heat demand (Wei et al., 2014). This information however was not readily available 

in the 2001 Census and thus the variable was not included in the study.  

 Another limitation of the study, previously discussed is the use of aggregate data, as it 

prevented variables from being understood at an individual level. Although use of aggregate 

data facilitated the identification of a number of Data Zone level characteristics that impact 

domestic heat consumption, individual data would have allowed for an in-depth assessment of 

rational choice theory. For example, variables assessing the extent to which individuals are 

environmentally aware could have been included. A number of previous studies however, have 

found evidence of a ‘value-action gap’ between an individual’s awareness of environmental 

issues and resulting conservation behaviour (Gadenne et al., 2011), thus focusing this study at 

a data zone level is reasonable. 

 A third issue with this study stems from the disparities in the collection dates of the 

dependent variable in 2014 and independent variable data in 2001. It is likely that 

characteristics of Glasgow data zones will have changed over this 13-year period and therefore 

the results generated from the regression models may not be representative of the determinants 

underlying domestic heat demand. Although 2011 Data Zone boundaries and corresponding 

2011 Scottish Census Data was readily available to use, the dependent variable was already 

aggregated to 2001 Data Zones and thus the older 2001 Census data was used in order to ensure 

compatibility. To reduce this limitation, the dependent variable data should be aggregated to 

2011 Data Zones, a task that time and data access restrictions prevented this study from doing. 

Therefore, further research should be undertaken in order to clarify the spatial distribution of 

relationships before any policy is implemented.   
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 As discussed previously, the average heat demand values were originally calculated 

using both domestic and non-domestic properties. Despite attempting to combat this caveat by 

mapping the percentage of each data zone used for commercial and industrial purposes so to 

prevent misleading inferences being made when analysing the results, on reflection this 

limitation could have been further reduced. In turn, an attempt to remove non-domestic heat 

demand could have been undertaken by multiplying the original dependent variable data by (1-

% Data Zone Area used for commercial and industrial purposes). This undertaking is 

recommended for future studies.  

 Despite the previously discussed limitations, this study offers new insights into Data 

Zone level relationships between domestic heat demand and numerous socio-demographic and 

building stock characteristics. Thus although they limit the findings they do no make the 

research invalid.  

 

Further Research Suggestions 
 

Wei et al. (2014) report that 27 different factors have been found to influence domestic 

space heating levels in previous studies. Thus although the set of variables in this study cover 

a wide range of different data zone characteristics, it is suggested that future research should 

encompass more of these variables. Factors such as building age and type of temperature 

control that can be derived from the Scottish Household Survey (The Scottish Government, 

2016), should be considered for inclusion.   

Although GWR identifies whether relationships vary spatially, it does not help to 

determine the reasons why they vary and therefore generates additional questions in need of 

further inquiry. Future research should therefore utilise qualitative methods, so to analyse the 

contextual effects of locality in areas of Glasgow where significant parameter estimates have 

been discovered. It is argued that solely a quantitative approach “decontextualizes human 

behaviour in a way that removes the event from its real world setting” (Weinreich, 1996:53) 

and thus qualitative modes of enquiry may help to explain why such patterns in the 

relationships between domestic heat demand and independent variables exist.  

Finally, it would also be interesting to investigate whether the results from this study 

hold true for other domestic uses of energy and at different scales. This could possibly enable 

different energy policies to be combined and targeted at sub-groups and locations together.  
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6. Conclusions 
 

This research has revealed the usefulness of local regression techniques compared to 

traditional multiple linear regression methods in energy consumption research, exposing spatial 

variation in the relationships between domestic heat demand and explanatory variables. The 

important role of place in influencing consumption patterns has thus been brought to light and 

despite having limitations, this exploratory research has implications both for further studies 

in the field as well as potential for use in energy policy. So to conclude accordingly, the original 

research questions are revisited: 

 

1. To what extent can socio-demographic variables and building characteristics explain 
variations in domestic heat demand at a Data Zone level in Glasgow City?  

Conclusions: The global regression model revealed that six Data Zone level explanatory 

variables were statistically significant determinants of domestic heat demand in Glasgow; four 

of which were socio-demographic factors and the remaining two building stock characteristics. 

The six variables explained 40 percent of the variance in average heat demand across the city.   

The variable ‘private renters’ was the only variable found to be insignificant in the global 

model.  

 

2. Do the relationships between domestic heat demand and independent variables vary 
spatially? 

Conclusions: Output from the GWR model revealed all seven explanatory variables vary 

spatially across Glasgow, however only six of these are significant when using confidence 

intervals with 95% coverage. This local regression technique increased the r-squared value 

from 0.40 to 0.51, thus improving the model’s goodness-of-fit and demonstrating the 

importance of accounting for local variations in relationships.  

 

3. If so, how do these relationships vary across Glasgow City?  

Conclusions: Mapping the data zone parameter estimates for each independent variable 

revealed where the relationships between them and domestic heat demand were significantly 

positive or negative in Glasgow. These patterns varied substantially between explanatory 

variables. Geographically targeted qualitative research is subsequently suggested to investigate 

why these spatially varying relationships occur in the patterns they do. 
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Appendices 
 

Appendix A: Context maps for Case Study Area (Glasgow City). 

 

®
Map illustrating Case Study Area (Glasgow City)

 in the Context of Scotland.

0 80 16040 Kilometers

Author: 120007779
Date:16-03-16

Legend
Glasgow City Council Area

Council Areas

0 3.5 71.75 Kilometers

®

Legend

Glasgow City Wards

Figure 12. Map illustrating Glasgow City in the Context of Scotland.  
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Figure 13. Map illustrating Glasgow City Data Zones within Glasgow City Wards.  
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Appendix B: Choropleth maps for explanatory variables illustrating 
spatial distribution across Glasgow.  

 
 
 

 

 

®

Percentage of Population Aged 65 or Over by
Data Zone in Glasgow in 2001.

0 3 61.5 Kilometers

Author: 120007779
Date:16-03-16

Legend
% Population Aged 65 or Over

1.086957 - 7.760532

7.760533 - 12.750000

12.750001 - 18.208092

18.208094 - 24.949698

24.949699 - 39.490446

Figure 14. Choropleth map showing the percentage of population aged 65 or Over by Data Zone in 
Glasgow in 2001.  
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Figure 15. Choropleth map showing the percentage of population who identify as Male by Data Zone 
in Glasgow in 2001. 

 
Figure 16. Choropleth map showing the percentage of population in ‘high’ grade occupations by Data 
Zone in Glasgow in 2001. 
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Percentage of Population who identify as Male by 
Data Zone in Glasgow in 2001. 
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Figure 17. Choropleth map showing the percentage of households who are Home Owners by Data 
Zone in Glasgow in 2001. 

 
Figure 18. Choropleth map showing the percentage of households who are Private Renters by Data 
Zone in Glasgow in 2001. 
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Percentage of Households who are Home Owners by 
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Figure 19. Choropleth map showing the percentage of households Composing of 3 or More People 
by Data Zone in Glasgow in 2001. 

 
Figure 20. Choropleth map showing the percentage of households Resident in a Whole Detached 
House by Data Zone in Glasgow in 2001. 
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Percentage of Households Composing of 3 Or More People 
by Data Zone in Glasgow in 2001.
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Figure 21. Choropleth map showing Average Land Area Per Dwelling by Data Zone in Glasgow in 

2001. 
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Appendix C: GWR 4.0 model settings 
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Appendix D: GWR 4.0 Output from Global Regression Model  
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Appendix E: GWR 4.0 Output from Geographically Weighted Regression 
Model  
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Appendix F: Geographically Weighted Regression Bandwidth Selection 
Output from GWR 4.0  
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Appendix G: Summary Statistics for the Geographically Varying 
Coefficients produced in GWR 4.0  
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Appendix H: Examples of Data Zone Level Local Parameter Estimates 
produced in GWR 4.0. 

 
 

Data Zone 
Code 

% Population 
Aged 65 or Over 

% Population in 
High Grade 
Occupations 

% Households 
Composing of ≥ 3 

People 

Average Land 
Area Per Dwelling 

Address (m2) 
Parameter 
Estimate 

t-
Value 

Parameter 
Estimate 

t-
Value 

Parameter 
Estimate 

t-
Value 

Parameter 
Estimate 

t-
Value 

S01003025 0.494 3.093 0.743 8.627 0.602 5.280 0.006 7.334 
S01003026 0.459 2.432 0.779 7.644 0.640 4.667 0.006 6.891 
S01003027 0.540 3.358 0.700 8.232 0.542 4.660 0.007 8.490 
S01003028 0.473 2.408 0.792 7.369 0.655 4.585 0.006 6.649 
S01003029 0.429 2.063 0.802 7.177 0.658 4.300 0.006 6.701 
S01003030 0.446 2.166 0.802 7.193 0.660 4.374 0.006 6.648 
S01003032 0.488 2.450 0.797 7.237 0.664 4.564 0.006 6.512 
S01003033 0.546 3.208 0.696 7.802 0.538 4.393 0.007 8.200 

 
 

Data Zone 
Code 

% Households 
Resident in a Whole 

Detached House 
% Households 

Privately Renting 
% Households who 
are Home Owners 

Parameter 
Estimate 

t-
Value 

Parameter 
Estimate 

t-
Value 

Parameter 
Estimate 

t-
Value 

S01003025 -0.142 -1.448 -0.133 -1.576 -0.206 -3.324 

S01003026 -0.113 -1.026 -0.159 -1.532 -0.231 -3.171 

S01003027 -0.169 -1.803 -0.103 -1.130 -0.179 -2.917 

S01003028 -0.093 -0.794 -0.158 -1.473 -0.240 -3.154 

S01003029 -0.089 -0.748 -0.176 -1.486 -0.246 -3.087 

S01003030 -0.086 -0.717 -0.171 -1.477 -0.247 -3.108 

S01003032 -0.080 -0.671 -0.155 -1.426 -0.245 -3.151 

S01003033 -0.166 -1.722 -0.099 -1.026 -0.178 -2.766 
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Appendix I: Model Improvement using GWR compared to Global 
Regression. 

Residual Maps: 

 
Figure 22. Map illustrating the Standardised Global Residual Values for Domestic Heat Demand in 
Glasgow City. 

 
Figure 23. Map illustrating the Standardised Local Residual Values for Domestic Heat Demand in 
Glasgow City. 
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Spatial Autocorrelation Reports: 

 

Spatial Autocorrelation Report

Given the z-score of 11.5851417989, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.

Global Moran's I Summary

Moran's Index: 0.254872

Expected Index: -0.001456

Variance: 0.000490

z-score: 11.585142

p-value: 0.000000

Dataset Information

Input Feature Class: Global Standardised Residual Values

Input Field: STGLOBRES

Conceptualization: CONTIGUITY_EDGES_CORNERS

Distance Method: EUCLIDEAN

Moran's Index: 0.254872
z-score: 11.585142
p-value: 0.000000

Page 1 of 2Spatial Autocorrelation Report

16/03/2016file:///K:/MoransI_Result.html
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GWR ANOVA Table: 

 

Spatial Autocorrelation Report

Given the z-score of -1.57343134572, the pattern does not appear to be significantly different
than random.

Global Moran's I Summary

Moran's Index: -0.036209

Expected Index: -0.001456

Variance: 0.000488

z-score: -1.573431

p-value: 0.115619

Dataset Information

Input Feature Class: Standardised Residual Values

Input Field: STD_RESIDU

Conceptualization: CONTIGUITY_EDGES_CORNERS

Distance Method: EUCLIDEAN

Moran's Index: -0.036209
z-score: -1.573431
p-value: 0.115619

Page 1 of 2Spatial Autocorrelation Report

16/03/2016file:///K:/MoransI_Result0.html
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Appendix J: Map of Major Transport Routes in Glasgow 

 

 
Figure 24. Map illustrating the Major Transport Routes in Glasgow (The Scottish 
Government, 2006) 
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Appendix K: Ethics Self-Assessment Form 

 
 



 68 

 
 

 

 



 69 

Appendix L: Risk Assessment Form 
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