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1.0 ABSTRACT 

 

This paper deals with research into the methods of evaluating greenhouse gas emissions 

(GHG) from the town of Watertown, Massachusetts.  The current study of the town is based on 

fuel consumption reductions by the municipality of Watertown.  In order to be considered a 

globally sustainable town, a more rigorous evaluation of the overall GHG emissions from 

Watertown needs to be carried out.  Therefore, the first step is to establish a credible greenhouse 

gas inventory for the city.  However, there has historically been plenty of ambiguity on GHG 

emissions estimates across the globe.  This is partially caused by the lack of standard guidelines 

on elements within Scope 2 and Scope 3 emissions which have to be considered in addition to 

Scope 1 (direct) emissions.   Multiple sources of emission factors have also led to a wide range 

of reported emissions from very similar sources.  As a part of this paper, research was carried out 

specific to Massachusetts, Watertown and all data currently available via the EPA and the US 

Census.  This data was used to arrive at the blueprint of one possible methodology for evaluating 

GHG emissions.  For a reasonably accurate Scope 1 inventory, this blueprint needs further 

refinement.  This refinement may be arrived at through future research projects.  Independently, 

research of other similar studies conducted worldwide very recently (2015) have revealed that 

there is a globally acceptable methodology for estimating GHG emissions from cities and 

referred to as the GPC.  The GPC has been used by over a 100 cities across the world to estimate 

emissions.  These standards are approved by the United Nations, World Bank and the IPCC 

among other well known organizations.  While Watertown might be much smaller in comparison 

to the cities already using this methodology, adapting this approach will add credibility to its 

GHG emissions.  This paper concludes with the recommendation that the partnership between 



 

the HES and the WE3C explore the possibility of following the standards per the GPC protocol 

to arrive at a greenhouse gas emissions for Watertown.   



 

 

2.0 INTRODUCTION 

 

The Harvard Extension School’s Sustainability and Environmental Management (SEM) 

program, under the leadership of Prof. Zevitas, and the Watertown Environment and Energy 

Efficiency Committee (Also referred to as Watertown or WE3C in the rest of this paper) have 

recently undertaken an important strategic partnership.  The key focus here is to use the 

Extension School’s resources in order to carry out tasks and to come up with multiple 

recommendations that would help the city of Watertown, MA become more sustainable.     

 

The current paper’s contribution to this effort is to carry out background research on steps and 

methods to carry out a reasonably comprehensive Greenhouse Gas (GHG) baseline assessment.  

Per the best information currently available to the author, though there is data currently available 

on the municipal energy usage of Watertown, it has not conducted a town-wide GHG inventory 

of non-municipal sources in order to establish an overall baseline.   

 

2.1 Background Information for GHG emissions from Massachusetts 

 

How is Massachusetts doing overall with respect to GHG emissions?  Surprisingly well, per EPA 

estimates.  EPA developed state-level CO2 estimates for each of the states using fuel 

consumption data and emission factors from their own internal studies and published reports 

(EPA, 2014). Per these studies, the overall CO2 emissions from the State has decreased by over 

24% between 1990 and 2012.  The sectors which have recorded significant reductions include 

the Commercial sector, the Industrial sector, the Residential sector and the Power sector.  The 



 

only sector which has recorded an increase in GHG emissions is the transportation sector.  Figure 

1 charts the reductions over this time period. 

Figure 1:  GHG Emissions in Massachusetts from 1990 to 2012 (EPA, 2014) 

 

 

One key factor that needs to be looked at in the EPA study is that the values used are typically 

what is called as Scope 1 or direct emissions.  Limited provisions may be made for Scope 2 

emissions and almost no impact is considered for Scope 3 emissions.  So while the direct 

emissions or Scope 1 studies indicate a decrease in GHG emissions, the indirect emissions may 

have a different story to tell.   
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While the definitions of what constitutes Scope 1, Scope 2 and Scope 3 may vary slightly across 

organizations and agencies, the figure below provides a reasonably accurate assessment of how 

these are categorized. 

Figure 2:  Scope 1, 2 and 3 emissions (EPA 2012) 

 

   

 

2.2 Why is a Comprehensive Greenhouse Gas Inventory Recommended? 

 

Watertown is considered a Green Community (designated thru the Massachusetts 

Department of Energy Resources (DOER)).  As a part of this commitment, Watertown maintains 

track of all Municipal (town buildings, services and schools) energy usage and are working 

toward a 5 year 20% Municipal energy reduction goal. (Lewis, 2015).  Since the established base 



 

year of FY 2010, Watertown has achieved a 12% reduction in Municipal energy use and by 

DOER methodology approximately the same % reduction in Greenhouse Gas (GHG) emissions. 

 

However, as a part of the exercise for establishing a baseline for not just the municipal 

sources, but for the town as a whole, it is recommended that a town level GHG inventory be 

carried out.  Working on municipal energy reductions, as has already been done, is a good 

starting point.  However, there are many more elements to greenhouse gases emissions as 

discussed in the sections below (D’Avignon, 2010). 

 

The area of accounting for GHG emissions is an evolving one.  Standards followed across 

the world will keep evolving.  The problem is a simple one on paper– accounting for all the 

Carbon used in a town or a city, both direct and indirect, over a specific time period.  The 

problem is that, in many cases, the indirect emissions of carbon might be multiple times that of 

the direct usage of Carbon.   

 

Eventually, in order for a location (Corporate/Town/City/Community/Country) to be 

deemed sustainable, an assessment of both direct and indirect sources is mandatory.  Even if the 

emission factors associated with these sources may be slightly different between each other, the 

key task is the identification of all sources that could potentially contribute to increasing carbon 

emissions and documenting them.  An example is the import of Ipads and Iphones manufactured 

from China.  Typically, no GHG inventory as it stands today associates an emission number to 

this.  However, a more detailed analysis would indicate that there were carbon emissions 

associated with its manufacturing, its transportation to the US to a consumer in Watertown or 



 

other locations, its packaging, etc.  Every time an individual living in Watertown buys an IPAD, 

he is indirectly contributing for the rise in Carbon emissions.  While this paper by no means 

recommends that curtailing GHG emissions should impact significantly the quality of life in the 

western world, it does indicate that there should be a measurement mechanism for such a 

purchase.  There could be debate on whether the manufacturer city or the consumer city be 

responsible for documenting these emissions.  Per increasing consensus, manufacturers need to 

account for out of the boundary GHG emissions.   

 

With Carbon levels greater than 400 ppm in the atmosphere, it may be an imperative to 

account for any apparently trivial details, while focusing on the reductions from the major 

elements such as fossil fuels.  Emissions from the transportation sector, where fossil fuels are 

predominant, is a major area of concern and unless technologies such as Tesla’s gigafactory or 

similar technologies are used, we are likely headed towards serious climate change issues in the 

years ahead.   

 

3.0  DATA ANALYSIS – AVAILABLE METHODOLOGIES  

 

There are two methodologies discussed in this section.  The 2nd one, referred to as the GPC 

methodology is highly recommended; however, the first methodology, for which a blueprint has 

been provided, will likely get us a reasonable approximation of the scope 1emissions from 

Watertown. 

 



 

Methodology 1:  Use of existing EPA studies and data from US Census to come up with an 

estimate of GHG emissions for Watertown: 

 

In the absence of a complete evaluation of GHG sources and emissions from Watertown, the 

starting point will be to develop a methodology that will be useful in estimating GHG emissions 

based on the overall emissions from the state of Massachusetts.  

  

1. Use the Emissions study done by the EPA in 2014 for the State of Massachusetts as a 

starting point. This study is based on total fossil fuel combustion in the State of 

Massachusetts.  The website where this data may be obtained is provided as a part of the 

“References” below.   

 

2.  Tailor the emissions with respect to Watertown based on the different factors listed in 

Table 1, specific to Watertown.  The coming up of the relative weightage of each of these 

factors is a research project in itself.  In some cases a direct ratio of may make sense and 

in certain other cases it may not.  A discussion of how each of the measures could 

potentially affect GHG emissions is provided below: 

 

a.  Population:  This is possibly one of the simplest factors that could be utilized to 

come up with a GHG estimate for Watertown.  If the state’s overall tons of CO2 

equivalent is 100 (Actual number is 62.83 million metric tons per the EPA study), 

using a direct ratio approach, the corresponding contribution of Watertown is 0.49 

million metric tons per the study. 



 

b. Travel time to work:  Based on Table 1 data, Mean travel time to work is actually a 

little lower than the average for Massachusetts.  The longer the travel time, the more 

the GHG emissions as a result of the commute.   

c. Housing units:  Buildings account for approximately 60% of the World’s electricity 

consumption.  Approximately 20% of the environmental effects occur during the 

construction phase and 80% from energy consumption.  While the population in 

Watertown is 0.49% of the total population of the state, buildings constitute 0.55%.  

Therefore, a factor is needed to account for the total number of housing units and its 

impact on the overall number for Watertown. 

d. Housing units in multi-unit structures:   Multiunit structures (Apartments, 

Townhomes, etc.) typically have a tendency to lower the per capita GHG emissions.  

This is because of common areas for a number of people that reduces the need for 

cooling/heating etc.  Further research could be carried out to determine the effects of 

multiunit structures as it relates to Watertown and how it affects Watertown’s GHG 

emissions.  

e. Home ownership rate: While more comprehensive research needs to be carried out 

on this topic, there seems to be a direct correlation between affluence and increased 

GHG emissions.  In global studies, it is very apparent, where as one gets more 

affluent, his consumption patterns of everything from food to goods change 

significantly thereby causing a corresponding increase in GHG emissions (Harris, 

2012).  Home ownership rates in Watertown are significantly above the state average.  

If homeownership is assumed to indicate more affluence, this will have an effect of 

increasing the emissions. 



 

f. Median value of owner occupied housing units:  The Median value of owner 

occupied housing is another measure of affluence.  Using this measure, Watertown is 

more affluent than the State average and will likely have the effect of increasing the 

GHG emissions of Watertown. 

g. Households and household income: This is another data point indicating that 

Watertown has more affluence than the state average, thereby potentially increasing 

the GHG emissions. 

h. People below poverty level:  The people below poverty levels is almost 50% of the 

state average, which again indicates the affluence levels compared to the rest of the 

state. 

i. Total number of firms:  While the population is only 0.5% of the total population in 

the state, the total number of business firms is 0.7%.  The GHG emissions may need 

to be adjusted upwards accordingly based on a calculated factor.  The calculated 

factor may require further research on the type of firms (Industry v/s commercial, 

etc.) 

j. Land area:  The study of land area with respect to GHG emissions will be an 

interesting research exercise. The land area is only 0.05% of the total area in the state.  

If the per capita emissions were initially based on total CO2 emissions/population, 

land area may have a lowering effect on the GHG emissions. 

k. Population density:  Population density is another interesting element in the exercise 

of quantifying GHG emissions.  A denser population typically causes a reduction in 

the assessment of per capita emissions.  However, more research needs to be carried 



 

out in this area specific to Watertown.  This is especially true because the population 

density of Watertown is almost 10 times the state average. 

 

Table 1:  Watertown Key Statistics (US Census Bureau, 2015) 

GHG Measure Town of Watertown 
(1) 

State of 
Massachusetts 

(2) 

% ((1)/(2) *100) 

 
Population (2013 Estimate) 

 
32,996 

 
6,708,874 

 
0.49% 

Mean travel time to work 
(minutes), workers age 16+, 2009-

2013     

 
 

25.3 

 
 

28 

 
 

N/A 

Housing units, 2010     15,584 2,808,254 0.55% 

Homeownership rate, 2009-2013      
53.6% 

 
62.7% 

 
N/A 

Housing units in multi-unit 
structures, percent, 2009-2013    

 
66.3% 

 
41.7% 

 
N/A 

Median value of owner-occupied 
housing units, 2009-2013     

 
$423,100 

 
$330,100 

 
N/A 

 
Households, 2009-2013    

 
14,159 

 
2,530,147 

 
0.56% 

Median household income, 2009-
2013 

 
$87,401 

 
$66,866 

 
130.71% 

Persons below poverty level, 
percent, 2009-2013   

 
6.2% 

  
 11.4% 

 
N/A 

Total number of firms, 2007 4,185 596,790 0.7% 

Land area in square miles, 2010 3.99 7,800.06 0.05% 

Persons per square mile, 2010   7,992.7 839.4 952.19% 

 

 

Methodology 2:  Use of Global Protocol for community scale Greenhouse Gas Emission 

Inventories (GPC) methodology, developed specifically for cities: 

 

On March 24, 2010, The United Nations Environment Program (UNEP), UN-HABITAT and the 

World Bank launched an international standard developed by the Intergovernmental Panel on 



 

Climate Change (IPCC) specifically for GHG emissions from cities.  However, starting late 

2014, these standards have been superseded by a new standard developed by the same partners 

listed above as well as some new ones.   This new standard is endorsed by the World Resources 

Institute, C40 Cities Climate Leadership Group and ICLEI – Local Governments for 

Sustainability (ICLEI).  These organizations have partnered to create a GHG Protocol standard 

for cities that known as Global Protocol for Community-Scale Greenhouse Gas Emission 

Inventories (GPC).  

 

Per this standard, GHG emissions from city activities shall be classified into six main sectors:  

 

- Stationary energy  

- Transportation 

- Waste  

-  Industrial processes and product use (IPPU)  

- Agriculture, forestry, and other land use (AFOLU)  

- Any other emissions occurring outside the geographic boundary as a result of city activities. 

These emissions are not covered in this version of the GPC but may be reported separately. 

 

A more detailed assessment of the factors evaluated as a part of this process is included in the list 

below:  Over 100 cities across the globe have now used this methodology to estimate their GHG 

emissions.  Completing an inventory using this methodology will certainly help Watertown 

establish credibility on its sustainability goals. 

 



 

Figure 3:  GPC Standards (GHG Protocol 2015) 

 

 

 

 



 

4.0 RECOMMENDATIONS  

 

Based on current data available, the only reductions officially being targeted by Watertown is a 

reduction in the municipal energy usage for the town of Watertown.  For the whole town of 

Watertown to be considered sustainable, many more areas need to be considered as discussed 

above. For this, an overall GHG inventory is a first recommended step.  Section 3.0 defines two 

methods (Methodology 1 and Methodology 2) by which this can be achieved.   

 

This paper clearly recommends the use of the 2nd methodology, which is based on the GPC 

standards.  This is because it is a methodology based on comprehensive global research which 

standardizes different components that contribute to GHG emissions.  In addition, it is backed up 

by multiple well established global agencies such as the World Resources Institute, the United 

Nations and the Intergovernmental panel on Climate Change.  It is also a proven methodology, 

with over 100 cities adapting this approach.   

 

If there is a shortage of resources that are available to be dedicated to the quantifying of GHG 

emissions using the GPC methodology, the first methodology is a more simplistic method to 

arrive at the Scope 1 emissions for the city.  This methodology involves a bottom up approach, 

based on data already currently available.  There is no clear scientific standard behind this 

methodology; however, it will help reach a ball park GHG inventory for Watertown.  In addition 

the use of the first methodology will help with coming up with some very interesting research 

projects for students in ENVR 102 on the correlation between different GHG measures and how 

they are linked towards increasing or decreasing GHG emissions.   



 

   
5.0 CONCLUSIONS 

 

While starting to write this paper, there was no prior information on whether there was a 

standardized approach for carrying out assessment of GHG emissions in cities and towns..  Initial 

work focused on using census data along with EPA estimated emissions to come up with the 

greenhouse gas emissions for Watertown.  This path is the basis for arriving at Methodology 1.  

Further research revealed that some attempts had been made into estimating emissions from 

communities, but these were not comprehensive or standardized.  In the last few years, there 

seems to be quite a level of ambiguity on how to carry out GHG emissions inventory (Harris, 

2012).   

 

However, the search for a comprehensive methodology seems to have found at least a semi-

permanent solution in the form of the brand new GPC standard, advocated in late 2014.  With the 

advent of the GPC standard, the ambiguity in determining the sources of emissions to be 

considered is resolved.  The GPC is based on a pilot test already conducted in 2013 and is also 

based on feedback from global public comments in 2012 and 2014.  Therefore, it is expected 

that, in the mid-term, the partnership between the Harvard Extension School and WE3C will 

focus on utilizing the GPC methodology either partially or as a whole to carry out a GHG 

analysis for Watertown. 
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