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The carbon footprint of households is a significant contribution to global greenhouse gas emissions, accounting for 24% of total emissions. As a result, it is critical to quantify a household's carbon footprint in order to reduce it over time. One of the best ways to measure carbon emitted from various sectors of the economy, including household daily activities, is to calculate a country's carbon footprint (CF). This study statistically examined the magnitude of households' carbon footprints and their relationships with household daily activities and certain socio-economic demographic variables in Malaysia. Results revealed that the average household carbon footprint amounted to 11.76 t-CO2. The average also showed that the primary carbon footprint, 7.02 t-CO2 or 59.69% was higher compared to the secondary carbon footprint which was 4.73 t-CO2 or 40.22% and assessment revealed significant differences among household types. The largest carbon footprint was evident in a medium-high cost urban area, estimated at 20.14 t-CO2, while the carbon footprint found in a rural area was 9.58 t-CO2. In the latter, the primary carbon footprint was almost double the figure of 5.84 t-CO2 (61%) than the secondary carbon footprint of 3.73 t-CO2 (39%). The study reveals a higher carbon footprint in urban areas compared to rural ones depicting the effects of urbanisation and urban sprawl on household lifestyles and carbon footprints. Despite some limitations, the findings of this study will help policymakers design and implement stronger policies that enforce low-carbon activities and energy-saving goods and services in order to reduce urban Malaysia's carbon footprint dramatically.

INTRODUCTION

Energy is a necessary component of economic and social development. The vast amount of energy consumed, however, poses a serious threat to changing climate, environmental pollution, and health impacts. Greatly reducing carbon footprints has become a major focus of environmental policies around the world (Bajˇzelj et al. 2014;[START_REF] Ward | Is decoupling GDP growth from environmental impact possible?[END_REF]. A country's carbon footprint (CF) is one of the best ways to measure carbon emitted from numerous sectors of the economy including household daily activities [START_REF] Mulrow | The state of carbon footprint calculators: An evaluation of calculator design and user interaction features[END_REF]. As collective actions, per capita carbon footprint varies according to each nation's economic development [START_REF] Muñiz | The Impact of Urban Form and Spatial Structure on per Capita Carbon Footprint in US Larger Metropolitan Areas[END_REF]. Higher income countries such as the USA, Canada, and Australia produce the world's highest carbon emissions which are about 15 to 29 tonnes per capita per year [START_REF] Zheng | Socio-economic development and carbon emissions[END_REF]World Bank 2014). This group of countries is followed by the second group producing moderate emissions levels, namely Japan, South Korea and many EU member states with about 10-12 tonnes per capita per year on average [START_REF] Saboori | The nexus of oil consumption, CO 2 emissions and economic growth in China, Japan and South Korea[END_REF]. There is a third group comprising most of the world's developing countries, where the average emissions are less than 4 tonnes. Malaysia's per capita carbon emissions is rising to about 8 tonnes per capita per year (World Bank 2014;[START_REF] Maji | Financial development and sectoral CO 2 emissions in Malaysia[END_REF]. It is categorised as being above the upper middleincome countries at 6.6 per capita per year.

Ranked as the second highest emitter of carbon emissions per capita in Southeast Asia after Singapore, Malaysia is dedicted to reducing the emissions intensity of its gross domestic product (GDP) by up to 45% by 2030 from the baseline 2005 data [START_REF] Farabi | Energy consumption, carbon emissions and economic growth in Indonesia and Malaysia[END_REF]. A survey of Malaysian household expenditure in 2005 revealed that households were among the direct or indirect major contributors to CO2 emissions due to the use of electricity ranging from electrical appliances to oil and gas for household cooking needs (Abdullah Chick et al. 2013). Substantial changes in the standard of living as a result of economic industrialisation and acceleration influenced a disproportionate increase in household energy consumption due to the high intensity of household appliance usage [START_REF] Chun-Liang | The Research of Pattern and Mechanism of the Chinese Urban Land Use Intensity under New Type Urbanization[END_REF].

The low-carbon city initiative which is a part of a low carbon economy (LCE) is the key to the Malaysian government's future strategy [START_REF] Sarker | Low Carbon City Development in China in the Context of New Type of Urbanization[END_REF]. LCE mainly relates to the development stage, amount and application of resources, consumption behaviour and technology [START_REF] Zheng | Socio-economic development and carbon emissions[END_REF]. LCE is defined as a form of development that is less reliant on carbon-releasing actions, with the non-human dimensions helping to create the most worthwhile economic structure [START_REF] Tan | A holistic low carbon city indicator framework for sustainable development[END_REF]. It is done by developing and implementing low carbon energy technology, improving the energy structure and promoting more efficient energy utilisation [START_REF] Gujba | A Carbon Consumption Comparison of Rural and Urban Lifestyles[END_REF][START_REF] Jia | The low carbon development (LCD) levels' evaluation of the world's 47 countries (areas) by combining the FAHP with the TOPSIS method[END_REF]Shan & Bin 2012). It also decouples economic growth from pollution, carbon emissions, and resources use [START_REF] Adb | Low-Carbon Green Growth in Asia: Policies and Practices[END_REF]. Some strategies related to the above efforts have been undertaken by Malacca Green Technology City, and several sub-national state governments [START_REF] Zen | Mainstreaming climate adaptation and mitigation policy: Towards multi-level climate governance in Melaka, Malaysia[END_REF]. The low carbon city of Kuching [START_REF] Fong | Lessons Learned from Low-Carbon City Planning in Malaysia[END_REF], and Iskandar Malaysia with a sustainable metropolis employ a low carbon society agenda [START_REF] Siong | Low Carbon Society Blueprint for Iskandar Malaysia 2025[END_REF]LCS Blueprint for IM 2025). Therefore, the analysis of the extent of low carbon emissions practices produced by households is important to study in Malaysia's regional areas.

The potentially significant discrepancies in the emissions and consumption pattern of people, communities, and regions were discovered in early studies downscaling carbon footprint analyses from a national to a local level. In this context, studies about carbon footprinting in Australia [START_REF] Lenzen | How city dwellers affect their resource hinterland: A spatial impact study of Australian households[END_REF], Norway [START_REF] Larsen | Identifying important characteristics of municipal carbon footprints[END_REF], and the United States [START_REF] Jones | Quantifying carbon footprint reduction opportunities for US households and communities[END_REF] are noteworthy instances, demonstrating that an unified attitude to reducing carbon emissions consumption neglects differences in emissions drivers within nations. Due to data limitations, such fundamental findings did not completely reveal how consumption and emissions were linked to disparities in household consumption lifestyles and socioeconomic inequalities occurring within and between communities. Recent research indicates that such factors wield a significant impact on households' carbon footprints [START_REF] Minx | Carbon footprints of cities and other human settlements in the UK[END_REF][START_REF] Song | Scale, distribution and variations of global greenhouse gas emissions driven by US households[END_REF][START_REF] Long | Exploring the indirect household carbon emissions by source: Analysis on 49 Japanese cities[END_REF]). Nevertheless, assessments of emerging market economies like Malaysia is necessary due to the complex and speedily fluctuating drivers of their consumption and progressively substantial influence on climate change (World Bank 2014;[START_REF] Maji | Financial development and sectoral CO 2 emissions in Malaysia[END_REF]. As Sola et al. (2021) suggested for a better understanding and tracking of consumption lifestyles related to carbon footprints, this study intends to fill this gap in the knowledge and investigate the magnitude of household consumption patterns, and differences between urban and rural households in the Iskandar region of Malaysia.

On the other hand, studies such as Heinonen and Junnila (2011) in Finland, [START_REF] Wang | Structural decomposition analysis of carbon emissions from residential consumption in the Beijing-Tianjin-Hebei region, China[END_REF] and [START_REF] Zhao | Effects of household energy consumption on environment and its influence factors in rural and urban areas[END_REF] in China focus only on the developed world which also reveal conflicting results. Hardly any studies have examined the magnitude of carbon footprints from both urban and rural household's consumption in terms of socioeconomic and household lifestyle angle on emerging economies like Malaysia. Hence, the motivation behind this study is find out: to what extent do urbanisation and urban-rural development as well as urban sprawl affect the carbon emissions pattern in Malaysia? The examination of differences between rural and urban lifestyles in Iskandar Malaysia and the influence of each group on carbon footprint will help policymakers and planners better comprehend Iskandar Malaysia's households. [START_REF] Zhao | Effects of household energy consumption on environment and its influence factors in rural and urban areas[END_REF] studied the environmental consequences of household energy consumption in China's rural and urban areas. These authors studied the quantity and structure of household energy consumption in both rural and urban areas using a survey-based questionnaire and compared the environmental impact of their energy use in the two areas. The SPIRPAT model served to determine the effect of demographic and income factors on the environmental footprint of energy use in the study. Results indicate a subtle difference in per capita energy consumption between the two regions. In terms of energy structure, however, urban households rely heavily on fossil fuels, while rural households rely on both biomass and fossil fuels. The difference in social emissions from energy consumption between urban and rural households, on the other hand, becomes trivial. In urban areas, population size and income have a positive impact on total energy and the environmental footprints of electricity and coal, while in rural areas, size of the population and income have a positive impact on electricity and biomass.

REVIEW OF CARBON FOOTPRINT

Similarly, [START_REF] Wang | Taking action on air pollution control in the Beijing-Tianjin-Hebei (BTH) region: progress, challenges and opportunities[END_REF] used structural decomposition analysis for carbon emissions originating from households' consumption in China's Beijing-Tianjin-Hebei (BTH) area. The authors calculated direct and indirect carbon emissions from both urban and rural household consumptions in the BTH area from 2002 to 2012 using an input-output model, and then used a structural decomposition method to examine the main factors contributing to indirect carbon emissions. According to their findings, direct carbon emissions from household consumption rose from 47.13 million tonnes (MtC) Added to this, using an Analysis of Lifestyle Factors and Gap Analysis by Consumer Segment in Japan, [START_REF] Koide | Carbon footprints and consumer lifestyles: an analysis of lifestyle factors and gap analysis by consumer segment in Japan[END_REF] investigated the relationship between carbon footprint and consumer lifestyle in Japan. Using exploratory factor analysis and cluster analysis, this study investigated latent lifestyle factors linked to carbon footprints and analysed gaps among decarbonisation targets and current lifestyles of large consumer segments. Using spending survey microdata, the study measures the carbon footprints of more than 47,000 households and employs a variety of statistical tools, such as multivariate regression, factor analysis, and cluster in order to evaluate high-carbon lifestyle factors and consumer segments. Income, savings, family composition, home type and size, possession of durables and cars, and working environment were verified as causal factors of high-carbon footprint Japanese households, with eight lifestyle factors recognised as the primary contributory factors. These included longdistance recreation, materialistic consumption, and meat-rich diets. The study detected a fivefold discrepancy amongst the highest and lowest footprint segments, with all parts above the decarbonisation targets for 2030 and 2050. There have been more findings on the study of household energy consumption and environmental impact. [START_REF] Feng | The impact of residents' lifestyle on CO2 emissions in China[END_REF] used CLA method to comparatively analyse CO2 emissions caused by residents consuming at different income levels in various regions of China. [START_REF] Li | The analysis on environmental and economic cost of rural household energy consumption in loess hilly region of Gansu Province[END_REF] discussed energy consumption structure of rural households and environmental impact in the Loess hilly region of China [START_REF] Li | The analysis on environmental and economic cost of rural household energy consumption in loess hilly region of Gansu Province[END_REF]. Yao et al. (2011) accounted CO2 emissions implied in resident consumption by the integrated life-cycle approach, and analysed factors that impact carbon emissions.

A wide range of household carbon footprint estimates around the world has been reported in [START_REF] Minx | Carbon footprints of cities and other human settlements in the UK[END_REF], covering both direct and indirect carbon footprints [START_REF] Druckman | The carbon footprint of UK households 1990-2004: A socio-economically disaggregated, quasi-multi-regional input-output model[END_REF][START_REF] Isaksen | A carbon footprint proportional to expenditure-A case for Norway?[END_REF][START_REF] Christis | A detailed household carbon footprint analysis using expenditure accounts-case of Flanders (Belgium)[END_REF], decoupling CO2 emissions and household expenditure using a quasi-multi-regional input-output (QMRIO) model [START_REF] Druckman | The carbon footprint of UK households 1990-2004: A socio-economically disaggregated, quasi-multi-regional input-output model[END_REF], and using consumer expenditure survey in the US [START_REF] Weber | Quantifying the global and distributional aspects of American household carbon footprint[END_REF]. The consumer lifestyle approach (CLA) for households' carbon footprint was conducted to capture different effects of the indirect and direct impacts on energy consumption [START_REF] Wei | The impact of lifestyle on energy use and CO2 emission: an empirical analysis of China's households[END_REF]). The latest assessment consists of online calculators and life cycle analysis (LCA) [START_REF] Borrion | Development of LCA Calculator to support community infrastructure co-design[END_REF] offering to increase households' awareness and encourage self-assessment to change behaviours [START_REF] Minx | Input-output analysis and carbon footprinting: an overview of applications[END_REF]Pandey et al. 2010;[START_REF] Crenna | Global environmental impacts: data sources and methodological choices for calculating normalization factors for LCA[END_REF]). This study, however, linked the results derived from the application of online carbon calculator for policymakers' urban-rural strategic plans.

With a coverage of primary and secondary, residential category, household type and size that reflect lifestyles and consumption patterns this study analyses the extent of households' carbon footprint. It is closely linked to an increase in the number of household members who purchase more goods and so directly increase the carbon footprint [START_REF] Alfredsson | Green Consumption Energy Use and Carbon Dioxide Emission[END_REF][START_REF] Ottelin | Carbon footprint trends of metropolitan residents in Finland: how strong mitigation policies affect different urban zones[END_REF]. Several studies indicate a positive association between carbon emissions and household size, such as in the UK [START_REF] Baiocchi | The impact of social factors and consumer behavior on CO2 emissions in the UK: A panel regression based on input-output and geo-demographic consumer segmentation data[END_REF] and China [START_REF] Guertin | Occupant Predictors of Household Energy Behaviour and Consumption Change as Found in Energy Studies Since 1975[END_REF]. The employment status of household members can also affect a household's carbon emissions [START_REF] Long | Exploring the indirect household carbon emissions by source: Analysis on 49 Japanese cities[END_REF]. Consequently, more employed people in a household results in a higher carbon footprint [START_REF] Alfredsson | Green Consumption Energy Use and Carbon Dioxide Emission[END_REF]. Religious matters constitute one of the factors influencing carbon emissions. A religious country such as India shows that religion is a critical factor influence to reduce the carbon emissions of households [START_REF] Grunewald | The carbon footprint of Indian Households[END_REF]. Moreover, results provide an opportunity for planners to establish what should be done in the future, especially to maximize households' role in practicing a low carbon lifestyle. Also, the results provide bottom-up results that help to strategize the 12 actions that should be implemented in Iskandar Malaysia.

There is not much difference in the household carbon footprint of urban and rural areas in developed nations. For example, in Finland, the average carbon emissions of consumers in rural areas is 9.0 (t CO2-eqv.), in semi-urban zones is 9.9 t, in cities is 10.9 t and, in the metropolitan area of Helsinki is 12.5 t (Heinonen & Junnila 2011). Moreover, the carbon emissions for the average Finish people is 10.3 t CO2-eqv. It has the same pattern for semiurban households and is similar for rural and metropolitan lifestyles in the UK [START_REF] Baiocchi | The impact of social factors and consumer behavior on CO2 emissions in the UK: A panel regression based on input-output and geo-demographic consumer segmentation data[END_REF]. However, the carbon footprint and consumption patterns of rural and urban residents in China differ greatly [START_REF] Zhao | Effects of household energy consumption on environment and its influence factors in rural and urban areas[END_REF][START_REF] Wang | Structural decomposition analysis of carbon emissions from residential consumption in the Beijing-Tianjin-Hebei region, China[END_REF]). However, not many studies have looked into the impact of socioeconomics and household lifestyle consumptions in emerging economies and multicultural society like Malaysia thus filling the gap in the literature.

The study area: background

Iskandar Malaysia is one of the fastest growing metropoles in Malaysia and it is situated on the southern tip of Peninsular Malaysia in Johor State (Figure 1). Iskandar Malaysia was restructured as a Sustainable Metropolis City with 1.6 million people in 2019 [START_REF] Phang | Achieving low carbon society through primary school ecolife challenge in Iskandar Malaysia[END_REF]. The renaming of "Iskandar Malaysia" was intended to honour the late Sultan of Johor with a new Iskandar comprehensive development framework [START_REF] Rizzo | Iskandar Malaysia[END_REF]. This region covers Johor Bahru and its metropolitan area of Southern Johor Economic Region (SJER). It was stated in the 9 th Malaysian Plan (9MP) as the key corridor for future economic regional development (Figure 2). The urban population is projected to reach 3.0 million by 2025 [START_REF] Zahari | Relationship between land use composition and PM10 concentrations in Iskandar Malaysia[END_REF].

Based on the recent data, about 50% reduction in carbon emissions intensity was set up for Iskandar Malaysia to be carried out by 2025 [START_REF] Phang | Achieving low carbon society through primary school ecolife challenge in Iskandar Malaysia[END_REF]. The blueprint of a Low Carbon Society (LCS), promotes low carbon development with three major concerns to reduce carbon emissions, i.e. green economy, green environment and green community for Iskandar Malaysia by 2025 (LCS, 2025). The three consist of 12 actions which cover the following: lowcarbon urban governance, green industry, integrated green transportation, green-energy systems, green construction and houses and renewable energy, community engagement and consensus building, low-carbon lifestyle, such as safe, walkable, liveable city design, green and blue infrastructure, smart growth and rural resources, clean air environment and sustainable waste management.

Low carbon lifestyle encourages less usage of energy, small consumption and expenditure besides reducing CO2 emissions. It was stated in one report that: "Low carbon lifestyle indicates the behaviours and utilisation of resources by governmental offices, private offices, public spaces/buildings, and schools, an individual, organization or community that produces low carbon emission and give a minimum impact to the environment and enhance low carbon development of Iskandar Malaysia" (LCS Blueprint for IM 2025). Low carbon lifestyle is stated as a mechanism to achieve low carbon development. It needs to be translated into low living/working costs for a smaller carbon footprint for Iskandar Malaysia's households and individuals, resulting in a healthier and natural environment (LCS Blueprint for IM 2025). The low carbon lifestyle action is the third highest contribution, about 2,557kt CO2eq in total emissions reduction in Iskandar Malaysia. Table 1 below summarises the energy demand and emissions intensity between 2005 and 2025. The annual GHG discharges of Iskandar Malaysia were estimated to be approximately 12.6 million t-CO2 in 2005. With the absence of mitigation measures, the GHG emissions is estimated to upsurge to 45.5 million t-CO2 in 2025 which is 36 times higher than 2005 [START_REF] Siong | Low Carbon Society Blueprint for Iskandar Malaysia 2025[END_REF]. By adopting mitigation options available in 2025, emissions can be reduced to 60% and repressed to 19.6 million t-CO2. The emissions per capita for Iskandar Malaysia in 2005 were 9.3 t-CO2, higher than the Malaysian national average of (5.0 t-CO2). If there are no mitigation actions being taken by 2025, the amount will increase to 15.1 t-CO2, compared to the current scenario with mitigation actions which amount to 6.5 t-CO2 [START_REF] Siong | Low Carbon Society Blueprint for Iskandar Malaysia 2025[END_REF]. The significance of low carbon city development as a measure of metropolitan arrangement was emphasised in the development controls (Bruton 2007).

There are several studies carried out in Iskandar Malaysia such as willingness to recycle waste disposal [START_REF] Akil | Towards sustainable solid waste management: Investigating household participation in solid waste management[END_REF], personal car travelling and an increase in CO2 emissions [START_REF] Majid | Travel Emission Profile of Iskandar Malaysia Neighbourhoods from Pre-1980s to 2000s[END_REF], land-use patterns leading to increased carbon emissions [START_REF] Barau | Tension in the periphery: An analysis of spatial, public and corporate views on landscape change in Iskandar Malaysia[END_REF], adoption of green and blue infrastructure to foster low carbon development (Kaniah et al. 2014) and the assessment of high concentration levels of PM10 values in three main urban terrestrial usages: commercial, industrial and residential [START_REF] Zahari | Relationship between land use composition and PM10 concentrations in Iskandar Malaysia[END_REF]. Nevertheless, no studies have yet examined the role of socio-economic factors and households' lifestyle on CO2 releases in this region. It is essential to understand more about the behaviours of the people, their lifestyle and how well they should make a low carbon society in Iskandar Malaysia.

MATERIALS AND METHODS

Study Area

This study was conducted in the 'Iskandar Malaysia1 ' region across five local planning authorities that are administered by a federal statutory body named the Iskandar Regional Development Authority (IRDA). Details of socio-economic indicators of Iskandar Malaysia are stated in Table 1. Segmentation on the sampled neighbourhoods in Iskandar Malaysia ranged from rural and squatters to low, middle and high-class urban residents. The first non-proportionate stratified sampling for a homogeneous stratum concerning the characteristics is based on geodemographic segmentation of the residential area in Iskandar Malaysia (Iskandar Regional Development Authority 2007Authority , 2008)). The segmentation for the study area is divided into six strata: i. rural area (Kampung Ulu Pulai), ii. non-market housing (PPRT) at Bandar Seri Alam, iii. Squatters area in Kampung Skudai Kiri, iv. low cost areas in Taman Pulai Perdana 2, v. medium cost urban areas in Melana Apartments, and vi. Medium-high cost areas in Taman University.

In the second stage, simple random sampling was applied to identify one neighbourhood for each stratum. Consequently, the following residential areas were chosen to conduct a survey: Kampung Ulu Pulai representing a rural area; Bandar Seri Alam representing non-market housing (PPRT); Kampung Skudai Kiri representing a residents' area; Taman Pulai Perdana representing low-cost housing; Taman Universiti's semi-detached houses representing medium to expensive housing and finally, Melana Apartment representing medium-cost housing; (Figure 3).

Figure 3. Location of Selected Residential Areas

The third stage involved systematic random sampling where respondents were identified from each stratum's population [START_REF] Cohen | Research Methods in Education[END_REF]. By knowing the number of households and number of respondents, each stratum was checked and then the household members who would be interviewed were determined. This was done because the focus of this research was on the households' lifestyle and the possible differences in the amount of carbon footprint they produced. Therefore, households were the main unit of analysis in this study. The respondents of this research consisted of households located in six different residential areas in Iskandar Malaysia, including five urban residential areas and one rural area, which were selected through non-proportionate stratified sampling (Table 2). Each category included 70 respondents, which means the total number of respondents amounted to 420. The sample size was based on 95% of confidence level and 5% of sampling error [START_REF] Krejcie | Determining sample size for research activities[END_REF]. Furthermore, there were 100,000 households defined as targeted population for the study from an overall population of 317,762 in the year 2017, and finally 384 households were chosen as the maximum size of the sample population. Door-to-door interviews were conducted in a 4-month household survey which lasted from September to December 2017. The collected data were analysed by using the Statistical Package for the Social Sciences (SPSS) software.

Questionnaire Design and Structure

For this study, the questionnaire was divided into five parts: (i) data collection on sociodemographic information and household characteristics of respondents; (ii) measuring the direct and indirect (secondary) carbon footprints of households; (iii) carbon footprint assessment done using online carbon calculation software to measure the direct, secondary and total carbon footprint of each household; (iv) respondents' lifestyles and behaviours concerning the environment; and (v) environmental awareness and people's willingness to change how they live in order to achieve a low carbon Iskandar Malaysia economy.

The first part of the questionnaire was designed to collect data and measure the direct carbon footprint of each household. The questionnaire which was adopted from the carbon footprint calculator model measured the direct carbon footprint derived from information such as households' domestic energy use, and public and personal transportation. Household information about domestic energy was collected from their average electricity bill per month in RM. This method is commonly applied to many other household carbon footprints calculations, for instance by using household expenditure IO in Australia [START_REF] Lenzen | Primary energy and greenhouse gases embodied in Australian final consumption: an input-output analysis[END_REF], in South Korea, in the Netherlands, the UK, Sweden, Norway (Kerkhof et al. 2009a,b) and in the United States [START_REF] Bin | Consumer lifestyle approach to US energy use and the related CO2 emissions[END_REF][START_REF] Weber | Quantifying the global and distributional aspects of American household carbon footprint[END_REF].

In this study, primary carbon footprint included domestic energy use (electricity), air travel (number of domestic and international flights per year), personal travel (number of cars, motorcycle, fuel type and mileage), and public transportation (usage of taxi and bus). The secondary carbon footprint, conversely, included all activities, which indirectly created CO2 emissions. Examples of secondary carbon footprint were food preferences of households, clothing, home appliances and recreation activities. Based on the Malaysian National Energy/ TNB tariff rates for domestic energy use, the amount in Ringgit Malaysia is converted into Kwh (Table 3). The carbon footprint of households in tonnes of CO2 per year is calculated from the monthly Kwh electricity usage of each household. The measurement of the household carbon footprint based on their personal travel profile covers the following: type of vehicle, i.e. a small car (< 1.4 litre), medium-sized car (1.4 litre -2.0 litre) or a large car (>2.0 litre), fuel type for each car including petrol, diesel and natural gas and the mileage per year (km/year).

The third part of the questionnaire adopted from the carbon footprint calculator model answered questions that measured the secondary carbon footprint. These questions were concerned with food preferences, usage of organic products, fashions, packaging, furniture and electrical equipment, recycling, and recreational activities. To contextualise the carbon calculations, questions were based on Malaysian socio cultural and lifestyle customs and habits. Questions were designed as a multiple-choice format and respondents were asked to choose the appropriate answer based on how they live. The results of this part and those of part three were entered in Carbon Footprint Ltd., which is an online calculator software to measure the direct, secondary and total carbon footprint of each household. Direct and secondary measurements of the carbon footprint of all 420 respondents in six categories were measured using Carbon Footprint Ltd] online calculator (www.carbonfootprint.com/calculator). Detailed explanation of the carbon footprint selection is described in the next section. The minimum monthly charge is RM3.00

Source: TNB: https://www.tnb.com.my/assets/files/Tariff_Rate_Final_1.June.2011.pdf

Survey questionnaire: reliability and validity

The questionnaire's reliability and validity are imperative because this can make the difference between good and poor research. Validity and reliability reveal that the findings of a given study are sound and trustworthy. This is particularly vital in this study's setting since the researcher's subjectivity can affect how the data are interpreted. Validity refers to the fitness of a construct for analysis and is determined by content and construct validity. The construct validity is further divided into two parts namely: (i) convergent and (ii) discriminant validity.

In addition, reliability is the degree to which the research construct can produce an error-free output. Its motivation is to lessen the odds of bias and errors in research assessments. Normally, reliability measures the stability and internal consistency of items. In this analysis, we used Cronbach's alpha and average variance extracted (AVE) to assess the reliability of the constructs.

Standardised data were used to formulate the latent variables in our validity and reliability analysis. According to the literature, latent variables can be measured by the reflective and formative types. In this study, we used a reflective construct that imposes restrictions on the variance, and the covariance matrix of indicators are found belonging to one latent variable. To ensure construct validity, convergent and discriminant validity tests were performed. Convergent validity is assured if the factor loading of all the items is >0.50 of all factors with Confirmatory Factor Analysis (CFA). The latent variables were edited and reconstructed following the standard guideline of the construct factor loading. The CFA results in in our study shows items with factor loading more than 0.50 which indicates that construct validity does not need to be addressed via further analysis.

Our study tests also confirmed that questionnaire data ensure the standard criteria for discriminant validity process to fit the model. Our results suggest that the correlations among the latent variables with roots of average variances extracted (AVE) ranged from 0.79 to 0.90. Furthermore, all the values are statistically significant at 95% confidence intervals which suggests that all the constructs can be regressed by our model analysis. Reliability and internal consistency among items are measured by Cronbach's alpha (CBA). Since psychometric properties of Cronbach's alpha have been criticised due to their assumptions, thus, the main assumptions of psychometric properties are eliminated in our analysis. In social research, a value above 0.7 of the CBA coefficient is considered acceptable for the internal consistency among items. Out results show adequate reliability, as values ranged from 0.79 to 0.89. Similarly, construct reliability fit to the model was measured by composite reliability (CR) test. The value of CR value ranges from 0.85 to 0.93.

Method of Analysis for Carbon Footprint Analysis

Data analysis of this study was followed two phases. The first phase set out to calculate the carbon footprint of households by extracting information from the questionnaire survey. An online carbon footprint calculator model was chosen to achieve this objective. The second step was to analyse data using SPSS (Statistical Package for the Social Sciences) software. It was done to explore the magnitude of carbon footprint originating from the type of energy and travelling dimensions with residential categories, household size and type. A statistical analysis was done of the relationship of households' carbon footprint, the purpose being to address various household lifestyles and socio-economic factors in Iskandar Malaysia as described in second phase.

Selection of Carbon Footprint Calculator

Carbon footprint calculators were employed to help users assess the impacts of their actions on the atmosphere. In short, people are required to answer some specific questions (inputs), and then the CO2 emissions resulting from their activities (output) are estimated. Several carbon calculators based on Google Page Rank (based on popularity and academic citations) compared are as follows: Carbon Footprint Ltd., Act on CO2, Terrapass, WWF, The Nature Conservancy, Climate Crisis, Mycarbondept, Climate Friendly, BP carbon calculator, Target Neutral, STI, Neco and Elementree (Table 4). Variables that are considered in this comparison are the number of household members, selection of country, housing type, domestic energy use, personal travel including number of cars, engine type and size and fuel type, and air travel including both domestic and international flights. The household is considered to be the unit for calculating the carbon footprint. Selection by country is another important factor in choosing a calculator which means the calculator has conversion factors for direct carbon footprint and estimating indirect carbon footprint for each country. Furthermore, the carbon footprint calculator selection considers a secondary carbon footprint that use lifecycle assessment, LCA. 

✗ KWh ✗ Neco ✗ Australia ✗ KWh ✗
The Carbon Footprint Ltd. model has been selected for this study. The model is available at www.carbonfootprint.com/calculator and it allows researchers to calculate the carbon footprint for a household rather than an individual. This model has been reviewed (Kim and Neff 2009) and it emerges as one of the most complete and accurate carbon footprint calculators, is very user friendly and easy to work with. Malaysia is one of the countries included in the model.

Carbon Footprint Calculation Process

The study established the six steps of carbon footprint calculation that computed into the online carbon footprint the information gathered from the questionnaire survey. The six steps are listed and described below:

Step 1: Domestic Carbon Footprint. It was intended to calculate the carbon footprint for a household or an individual followed by domestic energy information gathered through the questionnaire survey.

Step 2: Flight Carbon Footprint. Calculating the household carbon footprint was based on people's air travel in the last year. For this step, the origin and destination airport, number of trips and return or one-way details were needed. Both domestic and international flights were applicable, and four origins and destinations could be entered. There was no limitation in calculating the number of trips between one origin and destination.

Step 3: Carbon Footprint of Personal Travel by Car and Motorcycle. The third part of the calculation was the carbon footprint for personal travel by car and motorcycle. The first input needed was the average mileage of the vehicle per year. At the second step, the type of vehicle -car, motorcycle or van -was chosen, followed by the fuel type used in each vehicle. Fuel type included petrol, diesel, natural gas vehicle, NGV and petrol hybrid car. In the next step, car model based on engine capacity was chosen. 1.4 litre car and below were categorised as small cars, 1.4 to 2.0 litre were medium-sized, and cars with 2.0 litre capacity or more were considered to be large cars. These selection requirements were the same for motorcycles.

Step 4: Carbon Footprint of Public Transportation. Carbon footprint originating from public transportation was measured by entering the average mileage of different types of public transportation including bus and taxi. Average mileage was in terms of kilometres per year. As stated before, since it was predicted and a pilot study was approved, many respondents did not have any idea how many kilometres they covered using taxi or bus. To solve this problem, the researcher created a table, in which respondents could write their origin, destination and number of trips per year, month or week. Then their mileage per year using Google Maps was extracted.

Step 5: Secondary Carbon Footprint. The last part of model involved secondary carbon footprint of households and here the required inputs covered a wide expanse of households' lifestyles including: food preference (if they were vegetarian, or they preferred fish, or white meat and red meat); organic products (how often the households bought these); fashion (how often they shopped); packaging (without packaging or nicely packaged); furniture and electrical appliances (how often they replaced these); recycling (if they did so or how much of their waste was recycled); and recreational activities (interested in zero-carbon activities like walking and cycling or basically participated in carbon intensive activities). Secondary carbon footprint in this model was measured using the lifecycle assessment method. Several questions were already removed from the final questionnaire including "in season food", "imported food and goods" and "finance and services", because seasons do not really apply to Malaysia since the country is basically tropical all-year round. Imported food section was deleted from the questionnaire and "I mostly buy local products" for all respondents, because the questions could confuse the respondents.

Step 6: Total Carbon Footprint Measurement. When all inputs were correctly entered in the model, at the final stage a detailed measurement of carbon footprint was disclosed showing the entire carbon footprint of households, and the sum of total carbon footprint in each sector was explored. It then compared the results with the country's average and world average. The result of carbon footprint was presented in metric tons of CO2e. The required software provided information about industrial countries' carbon footprint and world target, and how such data can help control climate change.

Statistical Analysis Tools

In this part of the research, the impact of different socio-economic factors and lifestyle elements on the total carbon footprint of residents of Iskandar Malaysia are explored. Based on the types of variables, four types of statistical analyses are as follows: Pearson and Spearman correlation, One-Way Analysis of Variance (ANOVA) and independent sample t-test. The dependent variable is total carbon footprint (carbon footprint). Details of the statistical techniques used -Pearson and Spearman correlation, Analysis of Variance (ANOVA), independent sample t-test and multiple regression -are shown in Table 5. 

RESULTS

Socio-Economic Demographic Profile

The socio-economic demographic profiles of respondents in Iskandar Malaysia are as follows:

Malaysian citizens constituted the majority and covered 95.2% of all respondents; 73.3% belonged to the Malay ethnic group, followed by Chinese with 15.2% and Indian by 8.3%. 76.2% of respondents of this study were Muslim and mostly Malay followed by Buddhists at 10.7%, and Hindus and Christians with 6.9% and 6.2%, respectively. Of the nine different household types, the "Family with adult children" dominated with 28.8%, followed by "Families with small children" with 25.7%, and "Single parents with adult children" at 10.5%. Other household types such as "couples without children" and "single parent with small children" were roughly 9% of the sample. The last categories comprised "living alone" and "elderly couples". Household size referred to the number of individuals living in a family. In this case, the majority of households had four people with 23.3%, followed by those with five members and six members, at 19.3% and 14.5%, respectively. Most household heads were men at 86.9% and women at 13.1%. Almost half of the respondents' household heads had a secondary school education with 4.5%, which was equal to 187 respondents. It was followed by "certificate/diploma" with 19.8%. Only 6% of respondents had completed postgraduate studies where 3.6% were Master's degree holders and 2.6% had PhDs. Among those who had been trained after secondary school, most participants studied "engineering/technology" (13.6%) and "humanities/law/management" (13.3%). It was followed by "education" and "art/architecture/planning" and the last category belonged to "pure science" (1.2%). Most respondents did not have training/education beyond secondary school. The household income included the total monthly income of the husband, wife and other wage earners in the family (if any). Results showed that 25.2% of respondents had a total household income of RM2001-RM3000, followed by 22.4% earning RM1000-RM2000 and RM3001-RM4000 for 16.0% of the sample. The study indicated that 20% of respondents had a total monthly income of more than RM5000.00 where only 3.5% earn more than RM10000.00 per month. About 37.9% of households had one wage earner, which was followed by households with two wage earners (32.4%). About 20% of respondents were households with more than two wage earners, while 10% of households had no wage earners. They were assumed to in receipt of government welfare benefits. In terms of home ownership, 60% of respondents were home owners while the other 40% were renting.

Magnitude of Carbon Footprint with Residential Categories

Details of the household carbon footprint in the six types of residential categories are summarised in Table 6. The average aggregate carbon footprint of Iskandar Malaysia's households was 11.76 t-CO2 per year. Based on this amount, 7.02 t-CO2 or 59.69% were direct carbon emissions, and 4.73 t-CO2 or 40.22% were secondary carbon footprint. If we used the average of five people in each household, the per capita average carbon footprint of Iskandar Malaysia was 2.352 t-CO2 per year for that particular year. The carbon footprint calculation for rural areas revealed the aggregate carbon footprint for every household was 9.58 t-CO2 in Kampong Ulu Pulai. Here the main carbon footprint was nearly double than the secondary carbon footprint by 5.84 t-CO2 and 3.73 t-CO2, respectively. The most important source of pollution was personal travel with the average of 3.24 t-CO2, followed by household energy usage in Kampung Ulu Pulai. Kampung Skudai Kiri which was basically a settlement for squatters had a total carbon footprint 10.18 t-C02 each household. Main carbon footprint was little bit more than the secondary, where the average main carbon footprint was 5.71 t-CO2 and secondary 4.50 t-CO2. Secondary carbon emissions were the most significant cause of pollution, followed by cars and household energy usage. Bandar Seri Alam representing non-market housing such as flats or apartments provided by the government for low-income earners. In this study, the mean carbon footprint of this group was 9.76 t-CO2 and the third lowest carbon footprint. Bandar Seri Alam was the only group in which secondary carbon footprint was much closer to the primary carbon footprint, which was close to the lowest average income range within all groups. Taman Pulai Perdana II representing the affordable housing category had an average carbon footprint of 9.39 t-CO2, where primary carbon footprint was 5.18 t-CO2, and secondary carbon footprint 15 t-CO2. The most significant source of direct carbon footprint in this category was personal travel with 3.12 t-CO2.

Melana Apartments had the average total carbon footprint of 11.51 t-CO2 which was categorised as medium priced housing in Iskandar Malaysia. Emitting from transportations were the leading cause of pollution in this region, followed by secondary carbon footprint and domestic electricity consumption. The lowermost belonged to community transport such as taxi and bus with 0.11 t-CO2. Inhabitants of Melana flats had the highest air travel carbon footprint among all categories. It was a consequence of a large number of foreigners living in this complex and their travel to their countries. The highest carbon footprint belonged to highcost housing in Taman University. The average total carbon footprint documented in this group showed a fast increase of 20.14 t-CO2. It is almost twice that of other urban and rural categories. The residents of this neighbourhood were mostly wealthy people who could afford to have more than two cars and use more electricity. It is not surprising when we see this category has one of the lowest usages of public transportation compared to all other categories. In Taman University, the primary carbon footprint was almost double that of the secondary carbon footprint with 13.19 t-CO2 and 6.96 t-CO2, respectively.

Comparison of Carbon Footprint with Different Residential Categories

The Analysis of Variance (ANOVA) test was performed to: firstly, detect any significant differences between the mean values of carbon footprint; and secondly, explore the impact of location on carbon footprint in six categories of residential housing. There was statistically a significant difference at p<0.05 in the carbon footprint of residents of the six residential categories [F (5, 414)=60.1 p=0.0]. Since there is a statistically significant difference between groups, a post-hoc comparison utilising the Least Significant Difference (LSD) test was undertaken to find the origins of these differences in total amount of carbon footprint (Table 8). Results showed that mean score for Kampung Ulu Pulai (M=9.58, SD=3.83) was different from Melana Apartments (M=11.51, SD=3.81) and Taman University (M=20.14, SD=7.39) at p<0.05. There were no statistically significant differences between Kampong Ulu Pulai as a rural area with three other residential areas, namely Bandar Seri Alam, Kampung Skudai Kiri and Taman Pulai Perdana. Bandar Seri Alam (M=9.76, SD=2.74) as a non-market housing (PPRT) area had statistically significant differences in total carbon footprint mean scores with Melana Apartments (M=11.51, SD=3.81) and Taman University (M=20.14, SD=7.39) at p<0.05. There was no significant difference between Bandar Seri Alam and the other categories.

Kampung Skudai Kiri (M=10.18, SD=4.52) was statistically different in the mean score of a carbon footprint with only one category, which is Taman University (M=20.14, SD=7.39) at p<0.05. Kampung Skudai Kiri, as stated earlier, is a squatters' settlement (Table 8). Taman Pulai Perdana (M=9.39, SD=3.10) has statistically significant differences with two other categories, these being Melana Apartments (M=11.51, SD=3.81) and Taman University (M=20.14, SD=7.39) at p<0.05. Melana Apartments, which was a medium cost urban residential area, was statistically different from four other categories: Kampung Ulu Pulai (M=9.58, SD=3.83) at p=0.012; Bandar Seri Alam (M=6.79, SD=2.74) at p=0.022; Taman Pulai Perdana (M=9.39, SD=3.10) at p=0.006; and Taman University (M=20.14, SD=7.39) at p=0.00. It emerged that per capita carbon emissions in cities with high density areas were reported to be considerably lower than those of the nearby suburban and rural regions, founded on multi-storey buildings (Norman et al. 2006).

For carbon footprint, Taman University was the most statistically significant different group of all the residential locations. The LSD post-hoc test showed statistically significant differences between Taman University (M=20.14, SD=7.39) and all other groups (Table 7) with the highest personal travel.

Carbon Footprint and Household Type

Results documented in this study indicated that the carbon footprint in various household types differed across the nine groups. Among all categories, families with adult children had the largest mean value of carbon footprint (M=13.83), followed by single parents with adult children (M=12.90). The third largest carbon footprint belonged to single parents with small children (M=12.49). The lowest value of carbon footprint belonged to elderly couples (M=6.58) and those living alone (M=7.78). Both primary and secondary carbon footprints followed the same pattern as total carbon footprint. Table 8 shows the amount of primary, secondary and total carbon footprint of different households. A one-way between groups analysis of variance was performed to explore the influence of household type on carbon footprint. The results in the ANOVA table indicate that at p<0.05 there was a statistically significant difference in carbon footprint value of nine categories [F(8, 411)=5.04, p=0.00]. The effect size calculated by eta-squared (ŋ 2 ) was 0.08. The results supported the work of [START_REF] Alfredsson | Green Consumption Energy Use and Carbon Dioxide Emission[END_REF] who stipulated the needs and priorities of households and consequently their consumption pattern differed. This is based on type of household, given that the priorities of families with children were very different from couples without children and those who lived alone.

The outcomes of our LSD post-hoc test confirmed that households with children including family and a single parent with children were significantly different from households with no children. On the other hand, households with adult children were also different from households with small children. Households where there were elderly couples, couples without children and group of friends did not differ significantly. Table 9 shows the households that are significantly different from other groups.

Carbon Footprint and Household Size

Results for the Spearman correlation indicated there was a positive relationship between carbon footprint and household size [r=0. 165, n=420, p=0.001] in Iskandar Malaysia, which suggested that the increase in the size of the household member will consequently increase the carbon footprint. This finding was the same as those reported for the UK by [START_REF] Baiocchi | The impact of social factors and consumer behavior on CO2 emissions in the UK: A panel regression based on input-output and geo-demographic consumer segmentation data[END_REF] and China [START_REF] Guertin | Occupant Predictors of Household Energy Behaviour and Consumption Change as Found in Energy Studies Since 1975[END_REF]. Families with children spend more time at home compared to those without children who have more freedom to go out for entertainment, restaurants and bars. Families with small children spend more time at home which results in more energy being consumed and producing a larger carbon footprint. 

DISCUSSION AND POLICY IMPLICATIONS

In Iskandar Malaysia, the average aggregate household carbon footprint was 11.76 t-CO2 for the year 2017. Per capita calculation of the average carbon footprint of Iskandar Malaysia, where each household has five people, generated 2.35 t-CO2 per year as the per capita carbon footprint for Iskandar Malaysia. There was an increase of 6.95 t-CO2 from the per capita emissions of 9.3 t-CO2 in 2015. That amount for the total household carbon footprint proved to be similar to several European countries, for instance Sweden (12.2 t-CO2) and Norway (13.6 t-CO2) (Kerkhof et al. 2009a,b) and almost half of Canadian household emissions at 19.5 t-CO2 for one year [START_REF] Allison | Vulnerability of national economies to the impacts of climate change on fisheries[END_REF]. About more than half (59.78%) of residents' total carbon footprint in Iskandar Malaysia was generated from personal travel which was considered to be primary or direct carbon footprint. The same trend is found in other cities (Girardet 1998, cited in Fernandes & Aldershot 1998;Satterthwaite 1999;[START_REF] Weber | Modelling lifestyle effects on energy demand and related emissions[END_REF][START_REF] Gujba | A Carbon Consumption Comparison of Rural and Urban Lifestyles[END_REF] which confirmed that developed countries' total carbon footprint patterns reflected the fact that onethird of carbon releases were generated from private travel (Defra 2007). Moreover, the carbon footprint of personal travel included driving cars. About 36.73% of the total carbon footprint was a consequence of driving vehicles and motorcycles contributing to 2.88% of Iskandar Malaysia's carbon footprint. Most residents did not use public transport in their daily commuting which reflected the smallest carbon footprint here of only 0.38%. This could be due to either the lack of infrastructure and a reliable public transport system or people's lack of knowledge about the benefits of using public transport system and disadvantages of private transport.

The trend in Iskandar Malaysia is that as the incomes of households rise the number of cars they own also increases. Most cars in this region used petrol and diesel fuels, and hybrid cars are not very common in Iskandar Malaysia. Consequently, the practice of a low carbon society which is being promoted in Iskandar Malaysia is not actually occurring at a meaningful level, so more needs to be done to promote a low carbon transport strategy, e.g. infrastructure and facilities to support a low carbon lifestyle. As for low carbon travel, individual efforts to change practices are required. Encouragingly enough, about 42% of the population claimed to have cut down on car use [START_REF] Poortinga | Public Perceptions of Risk, Science and Governance: Main findings of a British survey of five risk cases[END_REF] and 26% said they regularly used public transport [START_REF] Leaman | Building evaluation: practice and principles[END_REF]. These facts reflected the importance of action at an individual level as part of people's lifestyle.

About 40.22% of secondary carbon footprint comprise the households' carbon footprint in Iskandar Malaysia based on the amount of energy consumed. Decisions relating to consumer lifestyle were estimated to make up 85% of the total energy use in the U.S. and affected by consumers' choices [START_REF] Bin | Consumer lifestyle approach: a Paradigm for understanding the role of consumers in energy US and environmental impacts[END_REF]. It showed that indirect influence of consumer choices contributed significantly to CO2 emissions and energy usage in the United States. The most energy-efficient homes had natural gas heating systems, and the least efficient had an oil fuelled heating system [START_REF] Kenny | A preliminary survey of household and personal carbon dioxide emissions in Ireland[END_REF]. Several low carbon practices involving domestic energy used were regular purchases of energy-efficient light bulbs [START_REF] Leaman | Building evaluation: practice and principles[END_REF] and greater (51%) use of energy-saving light bulbs [START_REF] Poortinga | Public Perceptions of Risk, Science and Governance: Main findings of a British survey of five risk cases[END_REF].

Taman University is the wealthiest neighbourhood where people could afford to have more than two cars and use more electricity. It statistically showed a significant difference to all others residential categories in Iskandar Malaysia. The highest average aggregate carbon footprint of 20.14 t-CO2 was recorded in this area where primary carbon footprint from personal travel was nearly double that of the secondary carbon footprint, i.e. 13.19 t-CO2 and 6.96 t-CO2, respectively. It also revealed the least use of public transport of all categories. That estimation is virtually the same with an average total carbon footprint in developed countries, 20.2 t-CO2 in the United Kingdom and 19t-CO2 in the Netherlands (Kerkhof et al. 2009a,b). In these nations, higher household incomes made possible more varieties of energy consumption and carbon releases structure, resulting in higher secondary energy usage [START_REF] Feng | The impact of residents' lifestyle on CO2 emissions in China[END_REF].

Housing type and region were considered to be an effective determinant in the total household carbon footprint. Within urban categories, some notable differences were also observed in the amount of carbon footprint where semi-detached houses in Taman University reported the highest carbon footprint. Their average carbon footprint was much higher than the average of Iskandar Malaysia. An increasing trend in CO2 emissions was supported by a study of travel diaries of twenty-two residential neighbourhoods in the same location from the pre-1980s to the 2010s [START_REF] Majid | Travel Emission Profile of Iskandar Malaysia Neighbourhoods from Pre-1980s to 2000s[END_REF].

Households in rural areas in Iskandar Malaysia lived very similar lifestyles to the urban households. This was shown by the average aggregate carbon footprint which was 9.58 t-CO2 for each household in Kampong Ulu Pulai, where the main carbon footprint was nearly double that of the secondary carbon footprint, i.e. 5.84 t-CO2 and 3.73 t-CO2, respectively. Personal travel was the most important source of pollution in Kampung Ulu Pulai, i.e. 3.24 t-CO2, followed by household energy consumption. The same trends were found in rural areas with luxurious homes located in the high-status parts of the countryside which require high transport emissions [START_REF] Baiocchi | The impact of social factors and consumer behavior on CO2 emissions in the UK: A panel regression based on input-output and geo-demographic consumer segmentation data[END_REF]. Like most Malaysian urban households, each household in such a rural area has more than one car, uses the same electronic devices as people in the urban areas which makes it difficult to find disparities between urban and rural household lifestyles. However, a huge difference is identified in China for indirect carbon footprint produced by rural and urban areas [START_REF] Zhao | Effects of household energy consumption on environment and its influence factors in rural and urban areas[END_REF][START_REF] Feng | The impact of residents' lifestyle on CO2 emissions in China[END_REF].

The smallest carbon footprint was produced by the residents of small flats in Bandar Seri Alam (a PPRT residence) and Taman Pulai Perdana (affordable housing category) in Iskandar Malaysia. The category closest to the average of Iskandar Malaysia was Melana Apartments, a middle-class household area. The location of a residence was believed to be influenced by household income, social status of the household head, etc., which are among the most important factors that guide and shape a lifestyle choice. It was believed that more than 25% variation in carbon releases and energy consumption of households was linked to the place of residence [START_REF] Bin | Consumer lifestyle approach: a Paradigm for understanding the role of consumers in energy US and environmental impacts[END_REF]. Region or place of residence is the most significant variable that can be measured at both local and national levels. Households choose a neighbourhood to live in based on various factors that make their desired lifestyle possible.

The findings of this study describe household carbon footprint in Iskandar Malaysia at the early stages of creating a low carbon economy. The outcome of this research could be useful for other countries with similar envirionmetal characteristics. The average total household carbon footprint of Iskandar Malaysia per year is comparable to several European nations for example, Norway and Sweden (Kerkhof et al. 2009a,b). Meanwhile, the per capita average carbon footprint in each household recorded per year is lower than the average of Malaysia. Of the 11.76 t-CO2 carbon footprint, 59.70% is contributed by the primary carbon footprint, and 40.22% is the secondary carbon footprint. Percentage-wise, 36.73% is contributed by personal travel or primary carbon footprint, 19.04% derives from domestic energy use in the form of air conditioners, water heaters and electronic devices and appliances. Lastly, 2.88% is due to motorcycles and 0.51% by people engaged in aviation.

Although it is the wealthiest neighbourhood in this study, Taman University showed an average total carbon footprint of 20.14 t-CO2 which was similar to the Netherlands and United Kingdom. The primary carbon footprint from personal travel was recorded as being almost double that of the secondary carbon footprint. This difference in the structure of carbon emissions by higher-income households of developed nations is because they have more varieties of carbon emissions and energy consumption taking the form of higher secondary energy usage [START_REF] Feng | The impact of residents' lifestyle on CO2 emissions in China[END_REF].

Spatial analysis for carbon footprint in the rural and urban area of Iskandar Malaysia showed that if the medium-high income urban categories were ignored, there would not be much difference between urban and rural households in terms of a total carbon footprint as well as primary and secondary carbon footprint. Rural households in Iskandar Malaysia practice a similar lifestyle to middle-class urban households, and the rural ones constitute the highest proportion in Iskandar Malaysia. It can be stated that families in rural areas release a larger total carbon footprint and primary carbon footprint than some low-income urban households which was similar to the Netherlands and United Kingdom. This outcome reflects the urban sprawl phenomenon where urban and rural developments converge to create a larger carbon footprint. Hence, climate change mitigation actions must be planned and this marks a significant contribution of this study for what should happen in the future.

This phenomenon also occurs in developed economies. As a country develops, the lifestyles of urban households and rural households become very similar. No doubt, the development of new technologies and facilities and easier accessibility and availability are among the factors that contribute to this reality. Conversely, there is a huge difference in the lifestyles of urban and rural households in under-developed and developing countries. In such places, since villagers do not have access to many facilities that urban residents enjoy, their consumption patterns and carbon footprints show significant differences. The results of this study indicate that Malaysia (and specifically Iskandar Malaysia) simply copies the developed countries in terms of the direct carbon footprint produced by urban and village households.

When it comes to the secondary carbon footprint, all urban categories including residents of PPRTs and affordable homes have a larger secondary carbon footprint compared to village households. This is what is expected from urban households, and it is virtually the same situation elsewhere in the world. Usually, urban households have a notably higher amount of indirect energy use and carbon emissions than village households. It is mostly because people in urban areas often go to places like bars and restaurants, use more electronic appliances at home, enjoy more carbon-intensive activities and use less organic products compared to village residents.

However, while real solutions will require action being undertaken in Malaysia, there are choices policymakers can make to reduce the nation-wide impact on the environment. One of the most effective ways to begin thinking about how to reduce our carbon footprint is to reconsider how much and how often, we use energy directly or indirectly, and how that can be controlled with a sustainable policy framework and strategy in place. Policymakers can design strategies and action plans but these alone will not solve the problem unless stakeholders change their lifestyle substantially.

Therefore, based on the findings from this study the following recommendations are made:

• To begin, consumption-oriented mitigation initiatives, such as monetary incentives and disincentives, should target high-carbon emitting households and supply low-carbon goods and services to these households. • The need for tailored strategies to diversify household lifestyles and consumption choices (as recommended by the same household segment) in order to strategize mitigation actions depending on their lifestyle and family characteristics2 . • Progressive policies to be addressed right away including a targeted tax levy on these households, promotion of carbon mitigation incentives, and increasing the expense of utilising personal transportation owned by high-carbon families could help reduce carbon emissions. • The unsustainable lifestyles of high-carbon emitting households in both urban and rural areas must be managed, necessitating long-term planning and the establishment of a more sustainable society. • In order to drastically reduce urban carbon footprint, long-term planning and the development of a more sustainable society are required.

CONCLUSION

This study explored the households' carbon footprints and their relationships with selected associated socio-economics demographic variables in the region of Iskandar Malaysia. Results revealed that the highest carbon footprint was eproted in a medium-high cost housing urban area, estimated at 20.14 t-CO2, while the carbon footprint evident in a rural household area amounted to 9.58 t-CO2. In this area, the primary carbon footprint was almost double the figure of 5.84 t-CO2 (61%) than the secondary carbon footprint of 3.73 t-CO2 (39%). The continued reliance on urbanisation and urban sprawl to grow the economy is substantially affecting household lifestyles and size of the carbon footprint. Online footprint calculators have been enforced as a soft policy instrument to raise public awareness about the average person's carbon footprint. These sorts of online tools are based on DEFRA emissions factor (2017) like the one implemented in this study. Databases currently are not coherent or detailed enough in providing results that extend beyond the GHG emissions, which may limit our study's ability to offer a more consistent outcome. It is recommended that future research employ more robust tools such as OpenLCA, GABI, and SimaPro to produce better results. Despite the limitations, outcomes of this study will be useful for policymakers to design and put into place better policies that enforce low carbon transport and energy-saving goods and services, in order to significantly the carbon footprint in urban Malaysia.
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  in 2002 to 123.34 MtC in 2012, whereas indirect carbon emissions surged from 210.36 MtC in 2002 to 550.00 MtC in 2012. During the period 2002-2012, the major factors affecting indirect carbon emissions were household consumption level and carbon emission intensity, with different impacts in various sub-regions.

Table 1 .

 1 Socio-economic Indicators of Iskandar Malaysia

	2025

Source:

IRDA (2018) 

Table 2 .

 2 Systematic Sampling in Study Area

	Category	GPS position	Area	Samplin	No. of	No. of
		(Lat, Long)		g	Households	Respondent
				segment		s
	Village	1.4831495,103.	Kampung Ulu Pulai	1/35	2480	70
		5771114		Houses		
	Squatters	1.4868218,103.	Kampung Skudai Kiri	1/4	323	70
		7116368		Houses		
	Non-Market	1.5148899,103.	Bandar Seri Alam	1/7	476	70
	Housing	8775484		Houses		
	Affordable	1.5638594,103.	Taman Pulai Perdana	1/5	400	70
	Housing	6111346	II	Houses		
	Medium Cost	1.5450616,103.	Melana Apartments	1/4	376	70
	Housing	6282214		Houses		
	Medium-High	1.5356146,103.	Taman University	1/4	157 + 168	70
	Cost Housing	6219169	and Taman	Houses	=325	
			MutiaraRini			

Table 3 .

 3 Domestic Energy Supply to Household and the Tariff

	Tariff Category: Domestic Tariff	Current Rate (1 June 2011)
	For the first 200 kWh (1 -200 kWh) per month	21.8 sen/kWh
	For the next 100 kWh (201 -300 kWh) per month	33.4 sen/kWh
	For the next 100 kWh (301 -400 kWh) per month	40.0 sen/kWh
	For the next 100kWh (401-500 kWh) per month	40.2 sen/kWh
	For the next 100 kWh (501-600 kWh) per month	41.6 sen/kWh
	For the next 100 kWh (601-700 kWh) per month	42.6 sen/kWh
	For the next 100 kWh (701-800 kWh) per month	43.7 sen/kWh
	For the next 100 kWh (801-900 kWh) per month	45.3 sen/kWh
	For the next kWh (901 kWh onwards) per month	45.4 sen/kWh

Table 4 .

 4 Online Carbon Footprint Calculators: General Information and Domestic Energy Use

	Climate Crisis	✓	USA (by	No	Cost	Cost	Cost of
			state)				heating oil
							and propane
	BP	✓	Country	Detached,	✗	✗	
				apartment,			
				etc.			
	MyClimate		Switzerland,	Square feet	KWh		Heating fuel
			EU or USA				type
	Sustainable	✓	US or Europe	New	✗	✗	
	Travel			energy			
	International			efficient			
	(STI)			y/n; sm,			
				med, lg			
	Elementree	✗	Australian	✗	kWh	kWh	
			state or				
			territory				
	Mycarbondebt	✗	UK	✗	KWh	KWh	oil
	Noco	✗		✗	✗	✗	
	Climate	✗	Selection by				
	Friendly		country				

Table 5 .

 5 Statistical Techniques

	Dependent Variable	Independent Variable	Statistical	Question to be
	No.	Data type	No.	Data type	Analysis	answered
	1	Continuous	2 or	Continuous,	Multiple	Which one of the
			More	Ordinal and	Regression	independent variables
				Dummy		exerts the greatest
				Variables of		impact on the
				Categorical		dependent variable?
				data		

Table 6 .

 6 Carbon Footprint Measurement

	Residential Area		Domestic	Flight	Personal	Motorbike	Public	Secondary	Primary	Total
			Energy	CF	Travel CF	CF	Transport	CF	CF	CF
			Use	(t-CO2)	(t-CO2)	(t-CO2)	(t-CO2)	(t-CO2)	(t-CO2)	(t-CO2)
	Rural Area	Mean	1.9949	.0310	3.2444	.5233	.0384	3.7397	5.8473	9.5833
	(Kampung Ulu Pulai)	N SD	70 .99812 .22440 70	70 2.30234	70 .31327	70 .12181	70 1.48108	70 2.99839 3.83867 70
	PPRT	Mean	1.8016	.0143	2.8877	.2674	.0591	4.7380	5.0256	9.7699
	Bandar Seri Alam	N SD	70 .71021 .03525 70	70 1.47273	70 .35247	70 .10393	70 1.42307	70 1.78980 2.74824 70
	Squatters	Mean	1.8760	.0134	3.4053	.3136	.0767	4.5004	5.7144 10.1853
	(Kg Skudai Kiri)	N	70	70	70	70	70	70	70	70
		SD	.73115 .04273	2.79429	.31508	.10963	1.63124	3.22938 4.52557
	Affordable	Mean	1.6641	.0196	3.1247	.3457	.0219	4.1509	5.1867	9.3941
	Housing (Tmn. Pulai Perdana)	N SD	70 .59219 .04522 70	70 2.02496	70 .47780	70 .06231	70 1.41709	70 2.27907 3.10342 70
	Medium Cost	Mean	2.2044	.1587	3.9404	.3939	.0460	4.7704	6.7476 11.5131
	Housing (Melana Apartments)	N SD	70 1.07612 .53219 70	70 2.41174	70 .93457	70 .07226	70 1.52260	70 2.96340 3.81852 70
	Medium-High	Mean	3.9267	.1423	9.3479	.1913	.0329	6.5139	13.6380 20.1444
	Cost Housing (Taman Universiti -	N SD	70 1.56801 .35018 70	70 4.89139	70 .41386	70 .08891	70 2.19038	70 5.75633 7.39195 70
	SemiD)									
	Total	Mean	2.2446	.0632	4.3251	.3392	.0458	4.7355	7.0266 11.7650
		N	420	420	420	420	420	420	420	420
		SD	1.25844 .28256	3.64017	.52287	.09656	1.84283	4.53361 5.88096

Table 7 .

 7 Multiple Comparisons of LSD Post-hoc Test for Residential Category

	(I) Location	(J) Location	Mean Difference (I-J)	Std. Error	Sig.	95% Confidence Interval Lower Upper Bound Bound
	Rural Area	Bandar Seri Alam	-.18657 .76102 .806	-1.6825	1.3094
	(KampungUluPulai)	Kg SkudaiKiri	-.60200 .76102 .429	-2.0979	.8939
		TmnPulaiPerdana	.18914 .76102 .804	-1.3068	1.6851
		Melana Apartments	-1.92986 * .76102 .012	-3.4258	-.4339
		Taman Universiti -SemiD	-10.56114 * .76102 .000	-12.0571	-9.0652
	PPRT	KampungUluPulai	.18657 .76102 .806	-1.3094	1.6825
	(Bandar Seri Alam)	Kg SkudaiKiri	-.41543 .76102 .585	-1.9114	1.0805
		TmnPulaiPerdana	.37571 .76102 .622	-1.1202	1.8717
		Melana Apartments	-1.74329 * .76102 .022	-3.2392	-.2473
		Taman universiti -SemiD	-10.37457 * .76102 .000	-11.8705	-8.8786
	Squatters	KampungUluPulai	.60200 .76102 .429	-.8939	2.0979
	(Kg SkudaiKiri)	Bandar Seri Alam	.41543 .76102 .585	-1.0805	1.9114
		TmnPulaiPerdana	.79114 .76102 .299	-.7048	2.2871
		Melana Apartments	-1.32786 .76102 .082	-2.8238	.1681
		Taman universiti -SemiD	-9.95914 * .76102 .000	-11.4551	-8.4632
	Affordable Housing	KampungUluPulai	-.18914 .76102 .804	-1.6851	1.3068
	(TmnPulaiPerdana)	Bandar Seri Alam	-.37571 .76102 .622	-1.8717	1.1202
		Kg SkudaiKiri	-.79114 .76102 .299	-2.2871	.7048
		Melana Apartments	-2.11900 * .76102 .006	-3.6149	-.6231
		Taman universiti -SemiD	-10.75029 * .76102 .000	-12.2462	-9.2543

Table 8 .

 8 Carbon Footprint with Different Household Types

	Household Type	Secondary CF	Primary CF	Total CF
	Living alone	Mean	3.5311	4.2444	7.7811
		N	9	9	9
		Std. Deviation	1.47530	1.97485	3.21155
	Couples without children Mean	4.6492	5.1541	9.8038
		N	37	37	37
		Std. Deviation	1.38992	2.88610	3.63040
	Single parent with small	Mean	4.9171	7.6186	12.4900
	children	N	35	35	35
		Std. Deviation	1.72732	3.84566	5.02235
	Single parent with adult	Mean	5.0152	7.9020	12.9061
	children	N	44	44	44
		Std. Deviation	1.86751	5.58810	6.99387
	Family with small	Mean	4.4127	6.3017	10.7080
	children	N	108	108	108
		Std. Deviation	1.54535	3.37616	4.23896
	Family with adult	Mean	5.2514	8.5956	13.8386
	children	N	121	121	121
		Std. Deviation	2.13312	5.68475	7.49819
	Elderly couples	Mean	3.4538	3.1263	6.5800
		N	8	8	8
		Std. Deviation	1.82869	2.29625	3.91410
	Group of friends	Mean	4.6952	5.4736	10.1688
		N	25	25	25
		Std. Deviation	1.70964	2.70455	3.74854
	Two or more families	Mean	4.1018	6.8312	11.0827
	living together	N	33	33	33
		Std. Deviation	1.78217	3.26898	4.19704
	Total	Mean	4.7355	7.0266	11.7650
		N	420	420	420
		Std. Deviation	1.84283	4.53361	5.88096

Table 9 .

 9 Multiple Comparison of LSD Post-hoc Test for Household Type

			Mean Difference		
	I) Household Type	(J) Household Type	(I-J)	Std. Error	Sig.
	Living alone	Couples without children	-2.02267	2.10595	.337
		Single parent with small children	-4.70889 *	2.11769	.027
		Single parent with adult children	-5.12503 *	2.07292	.014
		Family with adult children	-6.05748 *	1.95771	.002
	Couples without	Living alone	2.02267	2.10595	.337
	children	Single parent with small children	-2.68622 *	1.33605	.045
		Single parent with adult children	-3.10235 *	1.26388	.015
		Family with adult children	-4.03481 *	1.06445	.000
	Single parent with small	Living alone	4.70889 *	2.11769	.027
	children	Couples without children	2.68622 *	1.33605	.045
		Elderly couples	5.91000 *	2.22048	.008
	Single parent with adult	Living alone	5.12503 *	2.07292	.014
	children	Couples without children	3.10235 *	1.26388	.015
		Family with small children	2.19817 *	1.01339	.031
		Elderly couples	6.32614 *	2.17782	.004
	Family with small	Living alone	2.92685	1.96585	.137
	children	Single parent with adult children	-2.19817 *	1.01339	.031
		Family with adult children	-3.13063 *	.75008	.000
		Elderly couples	4.12796 *	2.07617	.047
		Two or more families living together	-.37476	1.12702	.740
	Family with adult	Living alone	6.05748 *	1.95771	.002
	children	Couples without children	4.03481 *	1.06445	.000
		Family with small children	3.13063 *	.75008	.000
		Elderly couples	7.25860 *	2.06847	.000

Table 10 .

 10 Correlations between CF and Green Behaviour

	Total CF	Green Behaviour

This research was undertaken as part of a national initiative dubbed "one of the most ambitious construction ventures in the world". It began in

with the aim of turning South Johor into a thriving economic zone by 2025, with three million people, 1.46 million jobs, and a gross domestic product of US$93.3 billion. Part of the project was to assess the carbon footprint in Iskandar Malaysia. The original national pilot survey results are available at http://iskandarmalaysia.com.my/. The project was carried out by the Iskandar Malaysia authorities.

Different household segments, for example, may produce more carbon emissions as a result of home utilities, cuisine, material goods, and so on. As a result, awareness-raising activities or other mitigation programmes should not focus on broad recommendations, but rather on specific targets with personalised low-carbon behaviour advice.
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