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ABSTRACT
 Aggregate CO2 emissions were assessed and statistical relationships were determined between neighborhood 

design characteristics and expected greenhouse gas emissions. Data were acquired for both estimated transpor-
tation and household energy use through the Atlanta Regional Commission’s Activity-Based Transportation Model 
and from an aggregated energy use by zip code database. These data served as a foundation for estimating 2010 
Carbon Dioxide (CO2) emissions in a 19 county area of the Atlanta metropolitan region.

 Significant positive correlations exist in the Atlanta region between CO2 emissions and household size  
(both number of people and physical size), a neighborhood’s share of single family housing and the distance from 
the city center. This analysis illustrates locations in the region with the lowest carbon footprint. Intown neighbor-
hoods, suburbs with mixed use and multifamily development, areas with good access to transit and neighbor-
hoods with close proximity to major expressways have the lowest per capita and per household CO2 emissions in 
the Atlanta region.

INTRODUCTION
There are numerous publications that relate a range of household and travel variables to CO2 emissions  

(Musti 2011, NETL 2009, O’Neill 2002). This study focuses on combining key US Census household characteristics 
from a literature review and travel demand model output to produce Atlanta specific results. These results are 
displayed cartographically and through statistics to illuminate areas in the region that produce different levels of 
CO2 emissions as well as to explain why these patterns may exist.

A primary goal of this study is to quantify CO2 emissions. Quantifying greenhouse gas emissions is an import-
ant step in identifying potential strategies for mitigating global climate change that could be considered by plan-
ners and policymakers. By developing tools and methodologies to determine emissions at a local level, planners 
are able to achieve two key goals. First, planners can quantify the influence that design or neighborhood charac-
teristics have on CO2 emissions. After understanding which characteristics lead to increased emissions, planners 
can inform future public policy decisions. Second, planners are able to better understand the spatial characteris-
tics of CO2 emissions.

METHODOLOGY
The analysis undertaken by the Atlanta Regional Commission (ARC) sought to understand two primary 

sources of CO2 emissions: residential household electricity use and personal transportation by automobile for the 
year 2010.  Combined, these two sources account for approximately 60% of US greenhouse gas emissions (Envi-
ronmental Protection Agency (EPA) 2013). The analysis was divided into two separate components using separate 
datasets. The results were summed to create a composite value of CO2 emissions per person and per household.
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Residential CO
2
 Emissions

Southern Company, Georgia Power’s electric holding company, provided annual household residential ener-
gy use in kilowatt-hours (kWh) for the year 2010 by 178 zip codes for a 19 county area of the Atlanta region. This 
database included the number of households within each of the 178 zip codes. Of the approximately 2 million 
households in the 19 county area Southern Company billed 1.1 million premises. No data was received for house-
holds billed by another provider. Some group quarters are represented by a single bill.  In some zip codes a small 
percentage of the total households were billed by Southern Company, and those zip codes were excluded from the 
analysis if the sample size was less than 100 households to maintain a margin of error of ≤ 10%.  Of the sampled 
zip codes, 90% had enough billed households to provide a margin of error of ≤ 5%.

Data on natural gas usage was not acquired for this study, and will be a topic of future investigation to improve 
the accuracy of results.  Therefore a portion of the CO2 emissions associated with heating homes and water is not 
being accounted for in some portions of the region.

To assess which neighborhood characteristics impact CO2
 emissions, 2007-2011 American Community Sur-

vey census data for 948 census tracts were aggregated up to zip code level data using an ESRI GIS analysis and 
MySQL queries (US Census Bureau 2013). The final aggregated database provided zip code level data that related 
household energy use and key census statistics. Household energy use in kWh was converted to kilograms (kg) of 
CO2 using the conversion factor 2.92263 kg/kWh (EPA 2012). This factor was developed by the EPA for the south-
east subregion of the United States and includes assumptions on the ratio of coal, oil, natural gas and renewable 
energy as well as energy loss from the electrical grid.

Statistical software (STATA) was used to determine correlations between energy use and census data. Key 
variables expected to most impact CO2 emissions from literature were included in a multivariate regression to de-
termine standardized coefficient values to assess the importance of each variable in the Atlanta study area (Musti 
2011, NETL 2009, O’Neill 2002).

Transportation CO
2
 Emissions

ARC maintains an Activity-Based Transportation Model (ABM) that microsimulates daily travel of individuals in 
a 20 county area by approximately 2,000 separate traffic analysis zones (TAZ). Automobile CO2 emissions were es-
timated for the year 2010 by a traveler’s home TAZ. A CO2 emission factor of 0.423kg/mile converted daily distance 
traveled to mass of CO2 (US EPA 2011). EPA developed this emission factor by considering the average gasoline 
vehicle on the road in the United States in 2011. Multiplying daily CO2 values by the Motor Vehicle Emission Sim-
ulator (MOVES) urban weekend adjustment factor (341.9809) annualized the average annual weekday emissions 
provided by the ABM. 

This methodology ignores CO2 emissions from transit. Calculating accurate transit CO2 emissions rates to ap-
ply to the transit systems in metropolitan Atlanta was beyond the scope of this project. The ABM does not separate 
the distances of drive-to-transit trips into separate automobile and transit components. Transit ridership accounts 
for approximately 3% of regional distance traveled daily in the 20 county ABM domain. Since transit trips tend to 
be shorter than automobile trips, the median percent of total distance traveled by transit per TAZ in the Atlanta 
region is 1%. Moreover, transit emissions are assumed to be lower than personal automobile travel per mile. As 
a result, this study may be only slightly underestimating transportation-related CO2 emissions in areas that have 
high transit ridership.
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Total CO
2
 Emissions

 Household electricity-derived emissions across a zip code were assumed to be equal. This assumption allows 
the analysis resolution to be set to the finer TAZ geography by applying a constant emission per household at the 
zip code level. Maps and data are presented on a per household and per person level.

RESULTS
Residential CO

2
 Emissions

 Correlation between household energy use and key census variables is outlined in Table 1. Only statistically 
significant (p ≤ 0.05) variables are included.

Table 1. Correlations between Household Energy Use and Census Data

Variable  Correlation Coefficient

Mean Number of Housing Units per Development -0.5498

Mean Number of Bedrooms 0.4847

Mean Age of Property -0.3817

Mean Household Size (Number of People in Household) 0.2725

Median Number of Rooms per Household 0.3997

 Variables that relate to the size of the house (mean number of bedrooms and mean number of rooms), the 
number of people living in a household, the age of the property and the prevalence of multi-family development 
(mean number of housing units per development) all impact household energy use. The relationship between 
these variables can be very complex, especially when measured across an entire zip code. Some variables, like the 
age of a property, can be collinear with household size, since older homes are often smaller than newer homes 
(Census 2011).  The median number of rooms per household was found to have a collinearity condition index of 
23.73 with respect to the mean number of bedrooms and was dropped from the analysis.

Figure 1 illustrates example relationships between household energy use and the key assessed variables. 
The figure includes intervariable relationships. There is a wide range of variability between zip codes. The Atlan-
ta region is not homogenous in its design; a large range of housing styles, sizes, ages, etc. are all located within 
relatively close proximity.
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Figure 1. Zip Code Geography Census Data Correlation Matrix

Several combinations of census household characteristic variables were factored into a regression analysis. 
Variables were selected based on the strength of correlation with energy use per household and literature. Prior 
to running the regression the variables were normalized. Table 2 outlines the findings of the regression analysis. 
The R-squared term for the model is 0.5456. 

Table 2. Emissions per Household vs. Census Characteristics Regression Output 

Variable t-value p-value Beta

Mean Household Size -2.00 0.047 -0.1951

Mean Age of Household 1.48 0.142 0.1141

Mean Number of Housing Units per Development -2.52 0.013 -0.2592

Mean Number of Bedrooms 4.93 0.000 0.7687

Median Household Value 3.67 0.000 0.5700

Percent Electric Power Heating 7.52 0.000 0.4698

A term for the percent of households using electricity to heat their homes was found to be an important 
variable with one of the highest beta standardized coefficients. This variable, however, is not important from a 
perspective of design characteristics to inform planning or personal decisions making. Most heating in metropol-
itan Atlanta that does not come from electricity comes from natural gas which also produces CO2 emissions.  The 
mean household size in the model is at the threshold of significance, most likely due to the large variance in elec-
tricity use per household with a small variance in household size.  Anecdotally, household size should be an im-
portant determinant. The median value of a household (i.e. the cost of housing stock) is significant, as a proxy for 
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both household size, income and age which literature suggests are important factors in total electricity use (Musti 
2011, O’Neill 2002). Mean age of household was found to be insignificant by this model. Overall, the variables that 
relate to the size of the household and number of households per development carry the highest standardized 
coefficients.

Electricity usage was converted to annual metric tons of CO2 per household and per person by zip code in 
Figures 2 and 3. Because each additional member of a household does not increase electricity usage in a one-to-
one relationship, CO2 emission efficiencies are gained by living in a household with more people. Households in 
the suburbs surrounding the I-285 perimeter expressway and in southwest Atlanta have a larger share of children, 
which is reflected in lower per capita CO2 emissions. On a per household level, however, areas closer to the center 
of the region tend to have lower emissions, due to there being fewer people per household, a higher incidence of 
multi-family housing and smaller total house size. 

Figure 2. Annual Residential CO2 Emissions per Person by Zip Code in 2010
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Figure 3. Annual Residential CO2 Emissions per Household by Zip Code in 2010
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Transportation CO

2
 Emissions

In this study, CO2 emissions from transportation were assumed to be only a factor of the distance traveled 
aggregated to an individual’s home TAZ. The spatial pattern of emissions on a per person or per household basis 
is very similar in the Atlanta region. The total transportation CO2 emissions per household minimize in the center 
of the region, in regional town centers, near MARTA heavy rail corridors and along major expressways (see Figure 
4, below). These areas provide the highest connectivity and access to employment and retail opportunities in the 
Atlanta region. Minimized transportation CO2 emissions are primarily a function of access to trip attractors.

Aggregated CO2 Emissions

 Total CO2 emissions are calculated by summing residential and automobile CO2 emissions. Transportation’s 
share of CO2 emissions per household ranges from near 0% to 36% (Figure 5). Areas closer to the center of the 
region, regional activity centers, and regional town centers tend to have a lower portion of their total carbon foot-
print from transportation. The weighted mean contribution of personal transportation to the total regional  
CO2 emission is 15% per household.
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Figure 4. Annual Automobile CO2 Emissions per Household in 2010
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Figure 5. Percent of Household CO2 Emissions from Automobile Usage in 2010
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 Figures 6 and 7 illustrate total per household and per capita CO2 emissions. The spatial pattern of  
emissions is strongly driven by household emissions. Again, per capita emissions are driven down by the  
presence of multi-person households in suburban areas around the I-285 perimeter expressway and in southwest 
Atlanta. Some per capita benefit from multi-person households is eroded in the outer areas of the region due to 
an increase in transportation emissions. On a per household basis, intown and nearby suburban neighborhoods 
produce the least emissions. 

The World Bank reports the 2008-2012 per capita CO2 emission in the United States at 17.3 metric tons per 
person (World Bank 2013). This value estimates emissions from all types of activities, not just residential and 
automobile usage. The methodology utilized in this paper produces a comparable result. Atlanta regional CO2 
emissions were found to be 17.9 metric tons per person. Some of the difference in values is explained by the fact 
that the Atlanta region has larger than average commute emissions and the region is less industrialized than oth-
er locations in the nation. In addition, the southeastern United States has one of the lowest shares of renewable 
energy electricity generation, resulting in additional residential emissions from power generation.

Figure 6. Total Annual CO2 Emissions per Person
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Figure 7. Total Annual CO2 Emissions per Household
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CONCLUSION
 This analysis confirms that CO2 emissions can be correlated with residential and transportation characteris-

tics as well as proximity to activity centers and major travel attractors, even with the caveats associated with the 
data and techniques utilized. 

Key findings from this study include: (1) a community’s share of multifamily housing impacts CO2 emissions. 
The mean number of housing units per development exhibited the largest negative correlation with emissions per 
household. (2) Mixed use communities reduce the need to drive.  These relationships should be mathematically 
evaluated in a future study. (3) Living near major activity and employment centers as well as near historic town 
centers reduces CO2 emissions from transportation by encouraging a range of travel modes and shorter auto-
mobile driving distances. (4) Physically smaller households correlate to less energy use per household. Larger 
household spaces require more energy to heat and cool. (5) Older homes are often smaller than their modern 
counterparts and are located closer to major activity centers, but there is an unclear relationship between age of 
property and CO2 emissions.  Part of this uncertainty could be due to energy inefficiency issues with older proper-
ties. Weatherizing households could help to reduce emissions and bring older properties’ emissions in line with 
newer properties of similar size and household makeup. Further research is needed to evaluate this relationship.
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